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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RELIABILITY AND AVAILABILITY EVALUATION OF HVDC SYSTEMS -
Part 1: HVDC systems with line commutated converters

FOREWORD

1) The Internat|ona| Electrotechmcal Comm|SS|on (IEC) |s a worIdW|de orgamzatlon for standardlzatlon comprising
aII

rnational co-operation on all questlons concerning standardization in the electrical

this] end and in addition to other activities, IEC publishes International Standards, Technisal Specifigations,
Teghnical Reports, Publicly Available Specifications (PAS) and Guides (hereaf{ e “IEC
Pulllication(s)”). Their preparation is entrusted to technical committees; any IEC prested
in fhe subject dealt with may participate in this preparatory work. d non-
goviernmental orgamzatlons Ilalsmg with the IEC also part|C|pate in this prep . Qllak closely
wit S egrmined by
agrgement between the two organizations.

2) Th ational
con fom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for infernatiqnal dsge\an ational
Corpmittees in that sense. While all reasonable efforts are| made fo enstie thattp i of IEC
Puljlications is accurate, IEC cannot be held respongi i i or any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformi q ications
trarjsparently to the maximum extent possible in“\thei } eQi ications. ivgrgence
betyveen any IEC Publication and the corresponding nation idated in
the|latter.

5) IEQ itself does not provide any attestation of co ity 8 ificati i i formity
asspssment services and, i e 4 essxtQEC mapks of conformity. IEC is not responsible for any

seryices carried out by indep®g ifi qnybodies.
6) Al

7) No [liability shall aft
memmbers of its
other damage of “ar
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f this publication.

pyees, servants or agents including individual expefrts and
tighal Committees for any personal injury, property danmpage or
ather direct or indirect, or for costs (including legal feds) and

exp| £ of, or reliance upon, this IEC Publication or any other IEC
Pugli

8) Attg efences cited in this publication. Use of the referenced publicalions is
indi ation of this publication.

9) Attg y that some of the elements of this IEC Publication may be the subject of
patén held responsible for identifying any or all such patent rights.

The

s. In
hnical

C~technical committees is to prepare International Standarg

dard,
despite repeated efforts or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC/TS 62672-1, which is a technical specification, has been prepared by IEC technical
committee 115: High voltage direct current (HVDC) transmission for DC voltages above
100 kV.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
115/68/DTS 115/75/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Annexes A and B are for information only.

A list|of all parts in the IEC 62672 series, published under the gef
availapility evaluation of HVDC systems, can be found on the IEC

The committee has decided that the contents of this publicatio
the sfability date indicated on the IEC web site under
relatefd to the specific publication. At this date, the publieati

+ trgnsformed into an International standard,
* regonfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this licatj later date.

9,

data
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RELIABILITY AND AVAILABILITY EVALUATION OF HVDC SYSTEMS -

Part 1: HVDC systems with line commutated converters

1 Scope

This part of IEC 62672 applies to all line- commutated high- voltage d|rect current (HVDC)
transm
sourc

bd converters (VSC) are not covered.

In orgler to assess the operational performance of HVDC transmission
availapility need to be evaluated. For this purpose the HVDC users
complile reports on an annual basis based on the recommends
Specification. The purpose of this part of IEC 62672 is to dgfi
protogol so that data collected from different HVDC transmiissi
on an| equitable basis. It is recommended that such reports

and Plower Electronics” (http://b4.cigre.org) who colleets sis
HVD({ systems throughout the world on a bi-annual i8

This |part of IEC 62672 covers ! systems, back-tg-back
intercpnnections and multi-terminal NisSsi . Fofr “point-to-point systemg and

back-{fo-back interconnections, i.e. two-te 9 atigtics are to be reported pased
on thg¢ total transmission capability fror ding end to the receiving end measurefd at a
given|point. If, however, the two termi ated by different users/owners, ¢r are
compgpsed of equipment ofthfferenti jpment from different suppliers sta istics
can be reported on an individus 1 e

In su¢h a case, the of tatlon
takind care not to report\the s ice. istri i- i , i.e.
systems with m 3 b each
converter station

Multi- ) verter
statio be—ebnsidered as either point-to-point systems or as |multi-
termin ~ reporting. Therefore, statistics for this special type of [multi-
termin ' R ed based on either total transmission capability or on individual
statio ity nverters at one station use different technology, converter dtation
statisfics ¢ ed’separately for each different type of capacity if desired. MLultiple
bipole to be\reported individually. Special mention should be given in the text and in
the ta i common events resulting in bipolar outages.

NOTE [ Usually the agreement between the purchaser and the turnkey suppliers of the HVDC converter|station

includes specific requirements regarding contractual evaluation. Such specific requirements will govern over this
Technical Specification.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60633:1998, Terminology for high-voltage direct current (HVDC) transmission
Amendment 1:2009
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3 Terms, definitions and abbreviations
For the purpose of this document, the following terms and definitions apply.

3.1 Outage terms

3.11

outage

state in which the HVDC system is unavailable for operation at its rated continuous capacity
due to an event directly related to the converter station equipment or d.c. transmission line

purposegs of this evaluation. AC system related outages will be recorded but not included ip D& _system reliability
calculations.

Note 1Fo entry: Failure of equipment not needed for power transmission shall not be considered as an oufage for

Note 2 |to entry: For purposes of this evaluation, outages taken for major reconfig quch as

additiop of converters, shall not be reported.

3.1.2
scheduled outage
outagp, which is either planned or which can be deferred un{j

Note 1|to entry: Scheduled outages can be planned well i 3 i i i intenance
purposes such as annual maintenance program. During such plann i A it ork on
several different equipment or systems concurrently. It is ot ReceSsary, i inglividual
equipment categories. Only the elapsed time s

Note 2|to entry: Classified under the scheduled o S i uld be
postpoped until a suitable time (usually night or w butage.
Equipnjent category code in Table 5 should be(used to idefxi i . This i i tionary
outagep based on operating policies, user/own j

Note 3|to entry: If the scheuled i : iti i isp have
necessftated a forced outag 3 i

3.1.3

forcegd outage

state |[in which equip duled

outagg state

3.1.3.

trips
suddgn
shutdpwn

ansmission by automatic protective action or manual emergency

3.1.3.p
other|forced outages

th boal LI\ /DN H 4 Il dlood £ H P HY ol ' H t f
(0] er UTTCTAPTUICTU TTV DU TUYUTUTITTTIU PJTUUTTTITS UTal TUTUT TITTTTeUuratc TSUuUUUuUTT 111 bdpdbl y (o]

HVDC converter stations or system but do not cause or require a trip

Note 1 to entry: Also in this category are outages caused by start-up or de-block delays caused by HVDC
equipment.

Note 2 to entry: In some cases the opportunity exists during forced outages to perform some of the repairs or
maintenance that would otherwise be performed during the next scheduled outage. See 6.3, rule (f).

3.2 Capacity terms

3.21

rated capacity

Pm

maximum capacity (MW), excluding the added capacity available through means of redundant
equipment, for which continuous operation under designed conditions is possible
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Note 1 to entry: For two-terminal systems reporting jointly, the rated capacity is referred to a particular point in
the system, usually at one or the other converter station. For multi-terminal systems or two-terminal systems
reporting separately, the rated capacity refers to the rating of the individual converter station.

Note 2 to entry: When the maximum continuous capacity varies according to seasonal conditions, the highest
value can be used as the capacity for the purpose of reports prepared according to this Specification for reason of
simplicity. However this excludes over-load capability such as available during low — ambient temperature.

3.2.2

outage capacity

PO

capacity reduction (MW) which the outage would have caused if the system were operating at
its rated capacity (P,,) at the time of the outage

Note 1 [to entry: The outage capacity is referred to the same point in the system used ford

3.2.3
outage derating factor
ODF
ratio ¢f outage capacity to rated capacity

ODF =P,/ P,

3.3 [Outage duration terms

3.31
actuall outage duration
AOD
time glapsed in decimal hours between

Note 1 |to entry: The start of ag’outage is hthg action related to the outage. The end of an
outagelis typically the last switéhing action rela g’ equipment to operational readiness.

Note 2|to entry: In some fu 3 i hetween’/Purchaser and Supplier, AOD can be subjefted to
correctlon to adjust for lo imes i ative delays, non-availability of tools and tackle$, non-
availabjlity of spare p

3.3.2
equivialent outage
EOD
actual outage ‘ in decimal hours, multiplied by the outage derating [factor
(ODF}, so as

EOD = AOD x ODF

Note 1|to entry:” Each~equivalent outage duration (EOD) may be classified according to the type of |outage
involvef: equivalent forced outage duration (EFOD) and equivalent scheduled outage duration (ESOD).

3.4 ‘Timecategorics

3.4.1

period hours

PH

number of calendar hours in the reporting period

Note 1 to entry: In a full calendar year the period hours are 8760, or 8784 in leap years.

Note 2 to entry: If the equipment is commissioned part way through a year, the period hours will be
proportionately less.

3.4.2

actual outage hours

AOH

sum of actual outage durations within the reporting period
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AOH =z AOD

Note 1 to entry: The actual outage hour (AOH) may be classified according to the type of outage involved: actual
forced outage hours (AFOH) and, actual scheduled outage hours (ASOH).

AFOH =X AFOD
ASOH = 2 ASOD

3.4.3
equivalent outage hours
EOH
sum of equivalent outage durations within the reporting period
EOH =% EOD
Note 1 |to entry: The equivalent outage hours (EOH) may be classified according to olved:
equivalent forced outage hours (EFOH) and equivalent scheduled outage hours (E
EFOH = £ EFOD
ESOH = X ESOD
3.5 |Availability and utilization terms
3.5.1
enerdgy unavailability
EU Q
measuire of the energy which could notha nsmiitted’dye’ to outages
Note 1 [to entry: ased ke same point in the system used for defining
Pm.
Note 2 [to entry: The energy u i Ray b ssifie¢ according to the type of outage involved] forced
energy|unavailability (FEU) and y ‘ .
= (EOH / PH) x 100 (%)
Q = (EFOH / PH) x 100 (%)
SEU = (ESOH / PH) x 100 (%)
Note 3| to entry: 3 t led energy unavailability due to planned outage (SEUP) &s well
scheduled energ Qv aN i deferred outage (SEUD).
3.5.2
energy a
EA
meastire of_the which could have been transmitted except for limitations of capacity
due tq outages

Note 11O entry. rne energy avallabIlty 1S CalCuUlated Dased On the Same polint Intne system used Tor deTinihg Pm'

EA = 100 - EU (%)

3.5.3

energy utilization

U

factor giving a measure of the energy actually transmitted over the system.

Note 1 to entry: The energy utilization is calculated based on the same point in the system used for defining P ..

al E
7= ‘fr:-:.l.U: total % 100 %
PPy P, - B,
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Where

Eya 18 the total energy transmitted (MWh);
P is the rated capacity (MW);

P, is the period hours (h).

Note 2 to entry: The total energy transmitted is the sum of energy exported and energy imported (expressed in
MWh), both referred to the point at which P is defined.

3.6 Commutation failure performance terms

3.6.1

recorfdable a.c. system fault

a.c.s red to
the tgrminals of the harmonic filter, to drop immediately following t initiati below

90 % pf the voltage prior to the fault

Note 1 |to entry AC system faults at, or near, the rectifier are not relevant § ired to
be incl O that an
a.c. fa(lt near the rectifier also produces a simultaneous recordable faujt’a nverter

configuration (e.g. no smoothing reactor) is susceptible to a commutatio

3.6.2

commutation failure start

CFS(A)

initiatlon or onset of commutation f , b ing the
occur lable”

as defined in 3.6.1

Note 1 ded.

3.6.3
comnputation failure s
CFS(B)

initiation or ons lems,
switching events™qr under

3.6.2

3.7

For th

AC (a

AFOH

AOD actual outage duration

AOH actual outage hours

ASOH actual scheduled outage hours
CFS commutation failure start

CT current transformer

DC (d.c.) direct current

DMR dedicated metallic return (conductor)
EA energy availability

EFOD equivalent forced outage duration
EFOH equivalent forced outage hours
EOD equivalent outage duration

EOH equivalent outage hours
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ESOD equivalent scheduled outage duration
ESOH equivalent schedules outage hours

EU energy unavailability

FEU forced energy unavailability

HVDC high voltage direct current

PH period hours

PLC power line carrier

P rated capacity

P, ottagecapacity

ODF outage derating factor

RAM reliability, availability, maintainability

RI radio interference

SEU scheduled energy unavailability

SEUD scheduled energy unavailability deferred
SEUPR scheduled energy unavailability planned

STATCOM static compensator
SVvC static var compensator

U (energy) utilisation

4 Cllassification of HVDC trans stem equipment
4.1 |General
For tHe purpose of reperting.the' cause of ta reduction or converter outages, con

statioh equipment is ¢

outagge or loss e charged to the category to which the
equipment belo@ véd as a direct consequence of the failure or
operation, or the oUta scheduled due to maintenance requirements. Only sche
outagps classifieda gorized according to the equipment type.

Primary.DC equipment (DC-E): 4.5

Other{0)4-6

)
)
c) DC control-and.protection equipment (C-P): 4.4
)
)

egories. Failure of equipment resulting

verter
in an
failed
miss-
duled

f) DC transmission line (TL): 4.7
g) External (EXT): 4.8.

The above major categories are further divided into subcategories.

4.2 AC and auxiliary equipment (AC-E)
4.2.1 General

This major category covers all a.c. main circuit equipment at the converter station. This
includes everything from the incoming a.c. connection to the external connecting clamp on the
valve winding bushing of the converter transformer. This category also covers low voltage
auxiliary power, valve cooling equipment (including pumps, fans, electrical auxiliaries etc. but
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excluding parts at high potential integral within valve, see 4.3.3) and a.c. control and
protection.

NOTE This category does not apply to capacity outages resulting from events in the a.c. network external to the
converter station.

The "AC and auxiliary equipment" category is divided into six subcategories described in 4.2.2
to 4.2.7.

4.2.2 AC filter and other reactive power equipment (AC-E.F)

Loss of converter station capacity due to failure of a.c. filters (passive and/or active) or other
reactipe power compensation equipment shall be assigned to this subcategary. The types of
components included in this subcategory are capacitors, reactors, 3(s,.'€TF$ and

arrestlers comprised within the a.c. filtering or reactive power compen of the
converter station.
NOTE | Associated disconnectors/breakers, etc. with filters/reactive compersated eguip arenexcludgd from

this subcategory, as those are included in 4.2.7.

AC PLC/RI filters, SVCs, series capacitors (including those_be
and valves), STATCOM, etc. when included in a conve
this stibcategory.

Ngen sonveyter transformers
shall\also-be reported [under

4.2.3 AC control and protection

Loss [of converter station capacity due\to

current and voltage measuring device
ﬁ@t, fo

éctions, a.c. controls, gr a.c.
s subcategory. AC proteftions
or cortrol could be for the main circuit{equ auxiliary power equipment or for the

valve [cooling equipment.

NOTE | CTs with a.c. filters

4.2.4 Converg:

Loss pf converter sta a ity~dbe toXfailure of a converter transformer shall be asdigned
to thip subcategory. t Wtegral with the converter transformer such gs tap
chanders, bushi . or transformer cooling equipment is included in this

subcategory.

4.2.5 pensator (AC-E.SC)

Loss |of convetter shati capacity due to failure of a synchronous compensator shpll be
charggd to this-subcafegory. Anything integral or directly related to the synchronous machine
such as its cooling system or exciter is included in this subcategory.

4.2.6 uxiliary equipment and auxiliary power -E-AX)

Loss of converter station capacity due to failure or miss-operation of any auxiliary equipment
shall be assigned to this subcategory. Such equipment includes auxiliary transformers,
pumps, battery chargers, heat exchangers, cooling system process instrumentation, low
voltage switchgear, motor control centres, fire protection and civil works.

4.2.7 Other AC switchyard equipment (AC-E.SW)

Loss of converter station capacity due to failure of circuit breakers, disconnected switches or
earthing switches in the a.c. switchyard (including for a.c. filtering and reactive power
compensation) shall be assigned to this subcategory. Also included are other a.c. switchyard
equipment such as a.c. surge arresters, bus-work or insulators.
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4.3 Valves (V)
4.3.1 General
This major category covers all parts of the thyristor valve itself. The valve is the complete

operative array forming an arm, or part of an arm of the converter bridge. It includes all
auxiliaries and components integral with the valve and forming part of the operative array.

The "valves" category is divided into two subcategories described in 4.3.2 and 4.3.3.

4.3.2 Valve electrical (V.E)

Loss pf converter station capacity due to any failure of the valve except ose relaled to
the prt of the valve cooling system integral with the valve shall igned tp this
subcategory.

4.3.3 Valve cooling (V.VC)

Loss of converter station capacity due to any failure of the »alve dq thewalve cpoling
system at high potential integral with the valve, shall be assj to, thi

4.4

4.4.1

This 1 e overall HVDC systef and
for th substation excluding contrgl and
proteq v\ 4.2.3. This also excludes thg a.c.
meas ell as d.c. measuring transducers
which

ol and indication information to be sent pver a
. Devices such as disconnectors, circuit-breakgrs and
control or protection action are excluded fr¢m this

NOTE | The equipment prpvi

telecomimunication cirguit gnd th
transfofmer tap ch s i
subcatg¢gory.

The 'DC control 6 ] Miyment" category is divided into three subcategories
described in 4.4. '

4.4.2
Loss ation gapacity due to any failure of the control, protection or monitoring
equip DC station shall be assigned to this subcategory. Examples would

include failures’ 0kthe’converter firing control, current and voltage regulators, convertgr and
d.c. yard protections; valve control and protection, and local station control sequences.

4.4.3 Master control and protection {C-P.M)

Loss of converter station capacity due to any failure of the master control equipment shall be
assigned to this subcategory. The master control equipment usually includes bipolar control,
inter-station coordination of current and voltage orders, inter-station sequences, auxiliary
controls such as damping controls or higher level controls such as run-back/run-up, power
control or frequency control.

4.4.4 Telecommunications equipment (C-P.T)

Loss of converter station capacity due to any failure of the equipment provided for the coding
of control and indication information to be sent over a telecommunication circuit as well as the
telecommunication circuit itself, for example, optical communication or microwave or PLC ,
shall be assigned to this subcategory.


https://iecnorm.com/api/?name=d587fe0c84fab53af3a10a4d28e7d169

TS 62672-1 © IEC:2013(E) -15 -

NOTE The earth wire itself, when optical fibre is integrated with such wire, is included in 4.7.

4.5 Primary DC equipment (DC-E)

4.51 General

This major category covers all equipment at the HVDC substations except for that in the three
categories "a.c. and auxiliary equipment" which includes converter transformers, "valves" and
"d.c. control and protection equipment".

The "Primary DC equipment" category is divided into seven subcategories presented in 4.5.2
to 4.5.8.

4.5.2 DC filters (DC-E.F)

Loss |of converter station capacity due to failure of shunt/series d\¢
passiye) or d.c.-side PLC/RI filters shall be assigned to this
components included in this subcategory are capacitors, rés

4.5.3 DC smoothing reactors (DC-E.SR)

Loss |of converter station capacity due to failure bll be

assigmned to this subcategory.

4.5.4 DC switching equipment (DC

Loss of converter station capacity due /o failureNofia .C. circuit breakers, d.c. commytating
switches, d.c. disconnect switches, isqlati witckes ~pass switches or earthing swjtches
shall be assigned to this sdbsatege

Complonents forming commutating switch/breaker shall also be
included under this su

4.5.5 DC meﬁ

Loss pf converte to failure of the direct current and voltage measuring
devicgs shall

4.5.6 C-E.GE)

Loss ¢f conwe apacity due to problems with or failure of the earth electrode gnd its
local ferminatio onnecting equipment shall be assigned to this subcategory.

This ﬂhall cover all type of electrode arrangements for example land, shore, sea type.

NOTE Earth electrodes are also called as ground electrodes.

4.5.7 DC earth electrode line (DC-E.EL)

Loss of converter station capacity due to failure of the earth electrode line or cable shall be
assigned to this subcategory.

4.5.8 Other DC switchyard and valve hall equipment (DC-E.O)

Loss of converter station capacity due to failure of other d.c. switchyard and valve hall

equipment shall be assigned to this subcategory. This subcategory includes valve arresters
and other d.c.-side surge arresters, bus-work insulators and wall bushings.

NOTE Arresters within filters are excluded from this subcategory, as those are included in 4.5.2.
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4.6 Other (O)

Loss of converter station capacity or extension of outage duration due to human error,
administrative delays or unknown causes shall be assigned to this category. If, after an
outage due to an event in another category, the outage duration is extended due to human
error in maintenance or operation, the consequential extension in outage time shall be
assigned to this category.

4.7 DC transmission line (TL)

4.71 General

Loss [of transmission capacity due to faults on the d.c. transmission ljne
overhgad, underground or submarine cable shall be assigned to

which .mpy be
ategory:| Only

permanent d.c. line faults are classified as forced outages and succes starts
after @ d.c. line fault are excluded.

When s and
electr

The " J2 and
4.7.3.

4.7.2

Loss all be
assiged to this subcategory

4.7.3

Loss underground or submarine cable or|cable

termirn
with alil-

—This category covers auxiliaries assofiated
os related to false operation of line protectipn.

4.8
Loss o the
conve ability,

a.c.o age i pre converter protectlve rating, short CIrCUIt Ievel lower than the

Loss 1 capacity due to events (including natural disasters) or opgrating
condifions_beyond~spécified design considerations shall also be assigned to this catggory.
Examplestiinclude higher ambient temperature or higher pollution than the maximum spgcified
designlevels etc.

5 Classification and severity of fault events and restoration codes

5.1 Classification of fault events

Fault events are classified according to the converter equipment classification given in
Clause 4 and summarised as in below Table 1:


https://iecnorm.com/api/?name=d587fe0c84fab53af3a10a4d28e7d169

TS 62672-1 © IEC:2013(E) -17 -

Table 1 — Classification of fault events

Outage category and

Fault classification
subcategory codes

AC and auxiliary equipment AC-E
AC filter and other reactive power equipment AC-E.F
AC control and protection AC-E.CP
Converter transformer AC-E.TX
Synchronous compensator AC-E.SC
Auxiliary equipment and auxiliary power AC-E.AX

Othler AC switchyard equipment

Valves
Valye electrical

Valye cooling (integral to valve)

DC corjtrol and protection equipment
Lodal control and protection
Master control and protection

Telegcommunication equipment

Primary DC Equipment
DCffilters
DC|smoothing reactor
DC|switching equipment
DC|measuring equipment

DC|earth electrode

DC|earth electrode line
Othler DC switchy}rq and valVe hal qu%\

—

DC trasmission line

Other " UREES o
N

DCloverhead transmissi TL-OH

DC underng}z{n\d\QJ makjne.sable TL-C

Externgl N EXT

5.2 Severx\>

all be classified according to an outage severity code as follows:

Each forced outage

BR bipolar total outage

P monopolar total outage
C converter total outage
RP other capacity reduction

For reporting purposes, bipolar outage is one in which both poles are lost as a direct or
immediate consequence of a single event. Since such bipole outages are of special
significance, it is advised to include a narrative discussion of every bipole outage in the
discussion section of the report. The discussion should indicate whether both poles tripped
simultaneously, and if not, the sequence of events involved.

Overlapping pole outages due to different events or with a prior outage of the other pole
should be reported as separate pole outages, not as a bipole outage. A converter or valve
group is the smallest switchable operating unit of capacity in the converter station.
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Overlapping converter outages in the same pole due to different events or with prior outages
of another converter should be reported as two separate converter outages rather than a pole
outage.

For converter stations not having series or parallel connected converters, the converter
category does not apply. For converter stations having only a single d.c. circuit or monopole,
the bipole category does not apply. If an outage affects multiple bipoles, each bipole should
be reported separately but the event should be described in the annual report.

Failures or outages of redundant equipment which do not result in a loss of converter capacity
are not reported.

5.3 |Restoration codes
Each putage is classified according to a restoration code as follows:

Equipment causing outage is repaired or adjusted
Fdiled equipment is replaced by spare

N@ equipment failure, manual restart

6

nstructions for compilation of report

6.1 General

A repprt on the operational performanc back-
to-bagk interconnection in commercial year.
These y and
comp s, for which further data is judged to
be of ifi excluded from the reporting. For an established
system, the reporting peri anuayy to December. For a system in its|initial
calen al ¢ ati e_report is to cover the period from the sfart of
comm

6.2

The b )i ecification, completed in accordance with these instrugtions,
will fol i 2 al report. It is recognized that these blank tables may n¢t suit
exact >'station/system, but since the comparison of performance of
differg s a central purpose of the evaluation and reporting, the standard
blank roughout.

The tables-are rec ended to be commented with an explanation of the major contributions

of ungvailability.

The presentation of information or clarification of the data in the tables shall be considered
under the following topics:

a) Utilization: State the reason for exceptionally high or low figures, for example, low
generator availability.

b) Availability: Elaborate on major or abnormal factors influencing availability, for example,
special maintenance requirements, expansion or upgrade of equipment.

c) Reliability: Give reasons behind exceptionally high outage rate, for example, repetitive
outage due to an intermittent control problem difficult to find and not initially corrected.

d) Severity of outage: Comment on the relative frequency of valve group, pole or bipole
outages. Elaborate on major outages especially bipolar outages.

NOTE An example of Tables that have been filled out is shown in Annex B for information.
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6.3

Instructions for Table 2 and Table 3

6.3.1 Section 1

For back-to-back and for two-terminal systems reporting in the preferred manner as a
combined system, complete lines 1.1 and 1.2 with the HVDC substation names so as to
indicate the direction of the energy flow and give the total energy in each direction in GWh. In
the case of an HVDC back-to-back system, identify the direction of energy flow by using the
names of the a.c. systems so connected. In the case of converters operating in a multi-
terminal system or in a two-terminal system which is reporting separately, record station
energy for both rectifier and inverter operation by completing one Table 3 for each station.

6.3.2 Section 2

Calcu)ate the Energy Utilization per cent in accordance with clause 3.5\ 3 le the

line. Hor two-terminal systems, the preferred method of Energy Utiliza i lion pased

on a pystem basis whereas for multi-terminal systems, Energy U i i g d and

reporfed separately for each converter station.

6.3.3 Sections 3,4 and 5

In order to calculate the availability and unavailabilifies for : it i ary to

maintain a log of outages through the year. 6 ‘ ly be

prepared by first preparing separate logs for eag ission

line. For two-terminal systems, ‘ s5ingle

comb ' multi-

termir qtation

outagge tions

are cd

NOTE | An example of a typicaNlog Is gi 30 i . not be

submitfed as part of the annfy

The rples set ou r lating

the availability a

a) R rated
C3

b) Ingdi bipole
or in 5.2.

c) ClI duled
o}

d) Fgr eachXofrced o , utage
and sé€lect the one most appropriate category from the seven major equipment and fault
c egones and associated subcategorles given in Clause 4 "CIaSS|f|cat|on of HVDC
tr ne of

these categories and subcategorles

For each outage determine the outage derating factor, ODF as per 3.2.3. Calculate the
equivalent outage duration (EOD) of each outage (3.3.2).

If during a forced outage, an opportunity is taken to carry out some repair or maintenance
that would otherwise be done during the next scheduled outage, record this as a
scheduled outage with its own outage reference number. Record the equivalent outage
duration (EOD) as zero, however, unless this scheduled outage increases the outage
derating factor above that caused by the forced outage, or extends in time beyond the end
of the forced outage. Should either of these events occur, calculate the outage derating
factor and equivalent outage duration attributable to the scheduled outage (see
Clause A.2).

If during a forced outage a further forced outage occurs, record the new outage also.
When determining the equivalent outage duration (EOD) of the new outage take into
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account only the extent to which the new outage increases the outage derating factor or
extends in time the pre-existing outage (see Clause A.3).

At the end of the year when the outage log is complete, proceed as follows to calculate the
numerical data required to complete sections 3, 4 and 5 of Table 2 or Table 3.

1) Step 1: Group the outages into scheduled and forced. Group the forced outages according
to the major outage categories and severity code.

2) Step 2: Total the equivalent scheduled outage durations (ESOD) to obtain the equivalent
scheduled outage hours (ESOH). Calculate the energy unavailability due to scheduled
outages (3.5.1) and complete line 4.1.

3) S
for
(3
erlergy unavailability into those due to HVDC substations angd
transmission line and complete lines 4.21 and 4.22.

4) Sl

fof forced outages (line 4.2) and subtract from 100 to ‘gbtain e enexg)

pgrcent and complete line 3.
5) Step 5: Record the number of forced outage events
faplt categories. Likewise total the equivalent forted 8
the seven categories to obtain the equivalent 3 each
cdtegory. Record values in lines 5.1
6) Step 6: Total the number of eve -E, V,
C{P, DC-E and O (lines 5.11 to 5 ivalent
oytage hours for line 5.1 HVDC subz
6.3.4 Section 6
Transfer the number qf co g from
Table|4 to complete line g,
6.3.5 Sectio@
Recor te the
forced nergy
unavdi utage
hours| i HVDC
substatio &.Ch .8) like
exterr 3 - nergy
unavgi
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Table 2 — DC system performance for back-to-back systems
and for two terminal systems reporting jointly
(corresponding to Table 1 of Cigré TB 346:2008)

System

Year

1. Energy transmitted (GWh)
1.1 From: To:

1.2 From: To:

1.8 Total /\

3

2. Enjergy utilisation (%) pP_= MW
v (\ x

3. Erfergy availability (%) EA/\\ \

4. Erlergy unavailbility (%) due to: \ \/

4.1 $cheduled outages SEU
4.11 Deferred SEUD
4.12 Planned SEUP
4.2 Forced outages FE
4.21 HVDC Substations
4.22 DC Transmission Line @ FEU
5. Fgrced outages due to: \> Number [Equiv
of Outage
% Evenfs |Hours
5.1 HVDC Substations
5.11 AC and Auxiliary E
5.12 Valves
5]13 HVDC Control
5.14 Primary D Equip
5.15 Other
5.2 PC Trans
5.3 Ext@
6.Conmutatio ai\l\ure\S{arts CFS(A) / Recordable a.c. faults
7. Forced Mty Reduction Converter Pole Bipole Total
oufagée
SeVeTIty
Number| Forced |[Number| Forced |Number| Forced |Number| Forced |[Number| Forced
of Energy of Energy of Energy of Energy of Energy
Events | Unavail. | Events | Unavail. | Events | Unavail. | Events | Unavail. | Events | Unavail.

@ Not applicable for back-to-back systems

P Not included in unavailability
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Table 3 — DC system performance for multi-terminal systems and
for stations reporting separately as part of two-terminal systems
(corresponding to Table 1 M/S of Cigré TB 346:2008)

System
Station
Year

1. Energy transmitted (GWh)
1.1 As Rectifier

1.2 As Inverter

3 Total (\

N

2. Erjergy utilization (%) P = MW
v AN\

3. Erjergy availability (%) EA ( \

4. Erlergy unavailability (%) due to:

IR
4.1 $cheduled outages SEU
4.11 Deferred SEUD

4.12 Planned SEU
4.2 Forced outages E
4.21 HVDC Substations FEU
4.22 DC Transmission Line 2 EOTL
5.Foiced outages due to: \) Ngmber | Equiv
of outage
eyents | hours
5.1 HVDC substa S
5.11 AC and auxiliary’equl AC-E
5.12 Valves \%
5{13HVDC 1 equip. C-P
5.14 Prixar DC-E
5.15 Otker O
5.2 DC Transmissi TL
5.3 Exterhal® EXT
6.Commutation failure starts CFS(A) / recordable AC faults
7. Forced Capacity Reduction Converter Pole Bipole Total
outage
severity Number of Forced Number of| Forced Number of Forced |Number| Forced |Number| Forced
events energ.y events energy events | ENeray of energy of energy
unavail. unavail. unavail. | events [unavail.| events |unavail.

2 Not applicable for back-to-back systems

b Not included in unavailability.
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Instructions for Table 4 and Table 5

Forced outages — Table 4

Record details of all forced outages that cause a reduction in rated capacity. The log used to
compile Table 2 data can additionally provide the input for Table 4. Appendix A gives an
example of this.

For two-terminal systems, either a common table for both stations or separate tables for each
station can be provided as long as the same outage is not reported twice. For multi-terminal
systems, separate tables shall be provided for each station.

1) Step 1: For each forced outage determine which of the equipment and fault eafegory
cddes and subcodes applies. Record code and subcode in first colu ecord\sqgverity
cdde (5.2) and percent capacity reduction.

2) Step 2: Identify the failed equipment by a brief description, bcode
mpy be AC-E.AX while the description could be auxiliary pawe tr rd the
forced outage type after the description (e.g. delayed d n and
blpcked (RB), reduction in MW (RE), stopped ramp (SR

3) te the corrgctive
me

6.4.2

Recor dted capacity. The lod used

to corn gble 5. If the scheduled dqutage

can be e appropriate outage codp. For
two-te stations or separate Tables forl each
statio minal
syste
prcent
code
ng. If
pctive
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Table 4 — Forced outages HVDC substation
(corresponding to Table 2FS of Cigré TB 346:2008)

Forced Outages due to: Outage Code:

System
Station
Year

Severity Code:

TS 62672-1 © IEC:2013(E)

Restoration Code:

AC and Auxiliary Equipment AC-E.X Bipolar BP Repaired R
Valves V.X Monopolar P Replaced by Spare S
DC Control and Protection Equip. C-P.X Converter C Manually restored M
Primary DC Equipment DC-E.X Capacity Reduction RP
Othe %
/TN
Outage Event or equipment failure description Severity |Re ation ctyal Reduction
codg code coce Q outage of
durati capacity
x oD (%)
(h)
4
LN
N\
N C A :J)/
outages HVDC substation
of Cigré TB 346:2008)
System
Station
Year
Schedyled Outagé Outage Code: Severity Code: Restoration Cogfle:
AC and Auxiltary Equ AC-E.X Bipolar BP Repaired R
Valvgs V. X Monopolar P Replaced by Sparel S
DC Qonfrol and C-P.X Converter C Manually restored] M
Primpry D€ _Equipme DC-E.X Capacity Reduction RP
Other 0.X
Plannefl Maintenante PM
Outage Event or equipment failure description Severity |Restoration Actual Reduction
d
code TOUE Loce outage of
duration capacity
AOD (%)

(h)
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6.5 Instructions for Table 6

If the HVDC system includes one or more HVDC overhead line sections, and line protection is
arranged to initiate auto-restart, perhaps at a lower pole operating voltage, for occurrences
such as pollution or lightning induced flashovers, complete Table 6 as follows:

1) Step 1: Give each line protection event a unique number and record this together with the
date and time using the 24 hour clock. Treat repeated operations of the protection within
the reset time, usually some tens of seconds, as one event.

2) Step 2: Record the actual steady operating voltage and polarity, disregarding transients,
of the affected pole immediately prior to the protection operation.

3) Step 3 Compfete the evententry with—the number of automaticatty attempted Testart
sdquences, and whether or not the final automatic restart is succesgful. ¥ the restart is
urlsuccessful, record the actual outage time. Give in a note any~qvailable\information
relevant to the cause of the protection operation and subsequent s ioR ccessful.
If the d.c. system is multi-terminal, indicate any automatic sectignah P q ace.

Pole | Numbe FinalRestart”

Even Date Time of | Voltage | Attem ted stccessful/
No. Day and

Polarity | Restarts\| ynsucoessf

AN

N
>

4

NI
25,

s 2%

@ For example record if the restart was successful at reduced voltage, or which line section was affected or if automatic

sectionalising occurred.
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6.6 Instructions for Table 7

In order to complete Table 7 it is necessary to keep a log at each inverter HVYDC substation to
record information about a.c. system faults and any associated commutation failure starts.

NOTE See 3.6.2 if/when other station is applicable.

The rules set out here shall be applied in the preparation of this log:

e Determine if the a.c. system fault is recordable or not at the station as defined in 3.6.1.

NOTE When determining whether or not the voltage drops to or below 90 % of the pre-fault voltage, consider
only the fundamental voltage, i.e. disregard distortion. Take into account only reductions in voltage caused by

phfise-to-phase or phase-io-earth Taults on the a.c. system.

e EXclude the cases of temporary voltage reduction caused by other

ormal

switching of lines, transformers or reactive compensation, or faulty’a. lating
equipment.

For thie reporting period complete table as follows:

1) Step 1: Complete the first column of lines 1.1 and 1.2 es. In
the case of an HVDC coupling system identify the two ames
of[the a.c. systems so coupled. For a multi-terminga ion.

2) Step 2: Count the number of recordable a.c. on at
edch HVDC substation and record the separdte\to

3) Step 3: Count the number of commutatia i ~3(A), as defined in 3.6.2. A
CFS may be determined by automati i verter unit or by inspecflion of
the oscillographic records, but no 3N € shall be attributed to eadh a.c.
system fault.

4) Step 4: Count the numk ts, CFS(B), as defined in 3.6.3.

gommutation failure starts
multi-terminal systems)
e 4 of Cigré TB 346:2008)
System
Year
\ \/ Number of a.c. recordable Number of Nurpber of
& \ system faults at inverter CFS(A) CFS(B)

1.1 HVpC SUMA:\

1.2 HVPC Substation B:

1.3 HVPC\Substation C:

1.4 HVDC Substation D:

1.5 HVDC Substation E:

2. Complete HVDC System

CFS(A) — Commutation failure starts by a.c. system faults (See 3.6.2)

CFS(B) — Commutation failure starts initiated by control problems, switching events or other causes. (See 3.6.3)

6.7 Instructions for Table 8

For the reporting period complete Table 8 as follows:
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1) Step 1: Complete the first column by listing separately the converter units at both HVDC
substations or both sides in the case of coupling systems for example 1, 2, 3 and 4, or
Pole 1 Norway, Pole 2 Norway, Pole 1 Denmark, Pole 2 Denmark.

2) Step 2: For each converter unit record whether it is a 6 or 12 pulse converter unit.

3) Step 3: Record the hours each converter unit is available, irrespective of whether
transmitting power or not.

4) Step 4: Record the number of semiconductor devices failed in each converter unit. To
provide uniformity in reporting, all failure modes of a semiconductor device due to any
cause shall be recorded.

NOTE _If two or more semiconductor devices are used in parallel in_a valve, record the short circuiting of the
paralle| connected semiconductor devices as a single failure. For example, when 2 or more_semiconducter ¢levices
are usg¢d in parallel within a valve, record the short circuiting of the parallel semicond vices jas.g single
failure pven though 2 or more of the semiconductor devices have in fact failed.
Table 8 — Converter unit hours and semiconductor dew
(corresponding to Table 5 of Cigré TB 346:2Q0
ste
Ye \
Numbegr of
Converter unit reference 2@ o) Ise HoWbs available |semiconduc{or devices
failefl P
B Totals:
a8 Cohveftter/unit reference refers to station, pole or converter designator per 6.7.
b See®.7, Step 4.

6.8

Instructions for Table 9

Table 9 summarizes the information contained in Table 4. All forced outages are summed by
outage classification and by sub-classification as well as by severity code. Completion of

Table 9 is an intermediate step in preparation for filling out Table 2 or Table 3.
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7 Interpretation and evaluation of reports

7.1 Calculation of outage duration

Reported outage time should be the calendar time that the d.c. system or station is not
available. The maintenance or forced outages often span several working days, possibly
including weekends. The purpose of recording scheduled outage time is to develop a data
base indicating the actual maintenance time. Therefore, clarification is needed on how “non-
working” time is to be considered. If the system is made available but not operated during a
portion of the non-working time or can be made available if required to be operated, for
example on a weekend, then such time should be excluded from the scheduled outage time.

The k \ to r\nmpnfafinn of f\hargoahln scheduled r\nfagn time is-not whether or not work is

perforimed, but whether or not the system is or can be available for operatj

In some cases, outage duration may be longer than would normally be dmple,
there |may be a period of low demand during which there is €o ‘econaomjcNoss\due to
unavdilability of the d.c. link. This may permit the annual mainjena ' * on a
more py in
accespibili les or
manp pction
of the

Similz plant
which vided
that th . link
during ime.
7.2

Eventp ission
are ng es as
desig lines
feedin dtable,
the oy

7.3

Trans ipment
do no hould not be recorded in Table 2 FS. Incorrect operation of
protedgtia er operation when not intended (false trip) or failure to automaically
restar N as an outage, regardless of duration. Interruptions which require
manu be counted as forced outages if the system is designed to recovef from
such

7.4 |Performance of special controls

A number of d.c. systems are equipped with special supplementary controls, such as
frequency control, damping control or runback, to help support the a.c. system. It is
encouraged to include narrative comments regarding any significant positive or negative
system aspects due to operation of such controls.

Operations of special controls when those operate to support the a.c. system shall not be
counted as d.c. forced outages but shall be recorded as forced external a.c. outage.
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Care shall be taken to not report the same outage twice. Therefore, only record an outage
code for outages caused by the respective station. If the outage is caused by a remote station
and leads to a consequential outage of the local station, the outage should be charged to the
remote station. Exclude outages caused by remote stations in the preparation of Table 2 for
the local station.

For single non-overlapping outages having a constant outage derating factor complete the log
as follows:

1) Step 1: Assign the Outage Reference Number. This is a unique number given to each
outage event at the start of the outage.

2) Stlep 2: Record the date and time at the start of the outage and subseqguently the dafe and
time at the end of the outage. Record times to the nearest minute usjng the 24 hour'¢lock.

cddes given at the head of the form. For forced outages akld for defs duled
oytages extend the outage code by appending the outage sub ificati . For
edample, the primary cause of the outage can be indicaté e YMAX"Nndicating a
forced outage caused by a.c. equipment in the station auxili

bgtween the start and end of the outage in accordance with™3.71.

o sk

€ uired
eduipment repair (R), replacemenf by

2.3.

|
8) Step 8: Calculate and record the ¢quivalentoQutage™duration (EOD) which is the pfoduct
ADD x ODF in accordance with 3.3\2.

For gingle non-overl
overlgpping outages,

EOD. :

nawing a \Mariable outage derating factor and for
1. Sh be recorded in order to calculate the clorrect
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Examples of application of rule f) of 6.3 scheduled outage during a forced

outage

Case 1: Scheduled outage does not increase ODF or extends outage duration

Figure A.1 shows an example where scheduled outage does not increase ODF or extends

outag

Fi
to fo
t—| SC
t2 SC
t3 fo

AOD

ODF

EOD

Scheg

e duration.

r 1,0

ODF

c 00

0] 2]

ced outage due to AC-E starts
heduled outage starts

heduled outage ends

ced outage ends

- t3 - to
0,5

to unavailability.

2783/13

outage durati
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A.2.2 Case 2: Scheduled outage increases ODF
Figure A.2 shows an example where scheduled outage increases ODF.

M 1,0

ODF

1 # 7] f3 ime
I 278443

Figure A.2 — Scheduled outage increases OD

to forced outage due to TL starts
t1 scheduled outage starts

t, scheduled outage ends

t3 folced outage ends

AOD due to TL = 153 — 1
ODF ¢ue to TL=0,5
EOD g¢ue to TL = 0,5 (3

AOD due to sch@ ‘
Excegs ODF due P 8 = 0y75-0,5=0,25

Scheg
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A.3 Examples of application of rule g) of 6.3 second outage during an outage

A.3.1 Case 1: Second outage does not increase ODF or extends outage duration

Figure A.3 shows an example where second outage does not increase ODF or extends outage
duration.

1,0 — Outage R

ODF o — Outage S

1o 1 12 13 \E .
C \2785/1

Figure A.3 — Second outage does not increase tage duration

0,0

to fofced outage due to TL starts — outage referg
t1 fofced outage due to DC-E starts
t, forced outage due to DC-E ends
t3 fofced outage due to TL ends

AOD due to TL = t3 - to
ODF gue to TL = 1,0

EOD dgue to TL = N0 (ry
Outage referenc

Outade due to DG
reference S g no

al nUmber of events attributable to TL.

ase ODF and so the EOD = 0. Since EOD is zero, qutage
e total number of events attributable to DC-E.
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A.3.2 Case 2: Second outage extends duration

Figure A.4 shows an example where second outage extends duration.

1,0

ODF - Outage G

— Outage H

0,0

[40]

to fofced outage due to AC-E starts — outage reference
t1 forced outage due to another event AC-E starts —
t, fofced outage — reference G ends
t3 fofced outage — reference H ends

AOD due to AC-E reference G = 1, — 1,
ODF for outage reference G = 0,5
EOD ¢lue to AC-E reference

AOD due to AC-E reference
it is tgken as = 13 — ¢,.

ODF dlue to outage\refe
EOD glue to AC-@

Since
numb

two outages.

ime

to t2 already accounted for so effe

tively

E and both EOD are non-zero, 2 is added to thg total
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A.3.3 Case 3: Second outage with variable ODF

Figure A.5 shows an example of second outage with variable ODF.

1,0

ODF

TS 62672-1 © IEC:2013(E)

0,0

to folced outage due to V starts

t; forced outage due to AC-E starts
t, fofced outage due to V ends

t3 fofced outage due to AC-E changé
t, fofced outage due to AC-E ends

This type of outage diagrz
not affected by the first out

EOD ¢ue to V = 0,5 (¢

EOD dlue to AC-@,S

C

Tim

87/13

bment
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