IEC TR 62978:2017-09(en)

IEC TR 62978

Edition 1.0 2017-09

TECHNICAL
REPORT

&
Q
P
AD
O) colour
(b"l/ inside
<L
O
&
3
HVD( installations — Guidelines on asset ma@ement
A
QO
¥
2\
A\



https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00

CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch
About the [EC
The Intefnational Electrotechnical Commission (IEC) is the leading global organization that prepares and, publishes
Internatignal Standards for all electrical, electronic and related technologies.
About IHC publications
The techpical content of IEC publications is kept under constant review by the IEC. Please make Sure’that you|have the

latest ed|tion, a corrigenda or an amendment might have been published.

IEC Catajogue - webstore.iec.ch/catalogue

Electropedia - www.electropedia.org

The staphd-alone application for consulting the entre  The world's leading online/~dictionary of electrpnic and
bibliograghical information on IEC International Standards, electrical terms containingh20 000 terms and defiitions in
Technica] Specifications, Technical Reports and other  English and French, with equivalent terms in 16 pdditional
documengs. Available for PC, Mac OS, Android Tablets and  languages. Also knéwn~as the International Electr¢technical
iPad. Vocabulary (IEV)online.

IEC publjcations search - www.iec.ch/searchpub IEC Glossary - std.iec.ch/glossary

The advgnced search enables to find IEC publications by a 65 000 electrotechnical terminology entries in Enplish and
variety pf criteria (reference number, text, technical  Frenchrextracted from the Terms and Definitions [clause of
committep,...). It also gives information on projects, replaced IEC publications issued since 2002. Some entries have been
and withdrawn publications. collected from earlier publications of IEC TC 37, 7f, 86 and
IEC Just|Published - webstore.iec.ch/justpublished SIRPR.

Stay up {o date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/cc
details a|l new publications released. Available online and If you wish to give us your feedback on this publjcation or
also oncq a month by email. need further assistance, please contact the Customgr Service

Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

IEC TR 62978

Edition 1.0 2017-09

TECHNICAL
REPORT

colour
inside
HVD( installations — Guidelines on asset management
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 29.240.01; 03.100.10 ISBN 978-2-8322-4829-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

-2 - IEC TR 62978:2017 © IEC 2017

CONTENTS

FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 5
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 7
1 S ToTo] o 1 S 8
2 NOIMALtIVE FEFEIENCES ... 9
3 Terms and definitioNs ... s 9
4 HY D C @SSt e it 12
4.1 ASSEt DACKGIOUNG ...t e 12
4.2 Assetfecitittes————————————————————— /] 13
4.3 Asset components and layout arrangement.............ccooiiii e DU 13

5 Agset management policy and strategy.........coooviiiiiii i 16
5.1 GeNETaAl . i A 16
5.2 Common policy and practices .......ccocoveiiiiiiiiiiiii e O 17
5.3 Asset management framework ...........coooiiiiiiiiii e e | 18

6 Ripk management...... ..o N N 19
6.1 GeNETAl . i e 19
6.2 Risk management requirements ... G N 20
6.3 Common policy and practiCes .......cooevveiiiiiiin s e 21

7  Adset management life cycle activities...........cooo b i 22
7.1 LT a1 - Y S PP FUPR 22
7.2 Asset management deciSion ProCess ... 80 i | 22
7.3 Life cycCle COStING ooniniei e T 24
7.8.1 GENEIAL .. e 24
7.8.2 Forecasting O&M costs dug’to asset failures ... e, 24
7.8.3 Forecasting capital reptacement costs due to asset failures...................|...... 25

7.4 Spares Strategies . ..o N 26
7.5 Life extension strate@i€s ..........cooviiiiiiii e 26
7.6 Run to failure strategies ..o [ 28
7.7 RefurbishmentoftHVDC System . .....ooiviiiiiiiii e e 28

8  Change ManagemiEntl. . ... e e 28
8.1 LT LY =T PSPPI FOPR 28
8.2 Commaon policy and practiCes ........coeviviiiiiiiiieieceee e | 29
8.3 Development of resources in HVDC system .........cooiiiiiiiiiniinince e 29
8.8.1 GENEIAI .. e 29
8.8=2 Skillretentionand-developmentin HVBCsystem———— .- 29
8.3.3 Factors in deciding level of HVDC skill retention..............cooiiiiiiin. 29
8.3.4 Skill retention under different organizational relationships ............................. 30
8.3.5 Establishing a productive work culture .............cooiiiiiiiii e, 30
8.3.6 Alliances and partNership ... 31
8.3.7 Maintaining capabilities over the long term ... 31

9 HVDC MaAINTENANCE ..ttt ettt et e et e e 31
9.1 (=Y o 1= - | PPN 31
9.2 Common policy @and PractiCes ......oeuiiuiiiiiie e 33
9.3 Special tools and maintenance equipment ... 34
9.4 IMPACE Of MAJOr SPAIES ...iuiiiiiiii e e 35
9.5 S A gIC SPAIES .t 35
9.5.1 Philosophy and common practiCes .........oviiiiiiiiiii e 35


https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

IEC TR 62978:2017 © IEC 2017 -3 -
9.5.2 Sharing of strategic spares between users/utilities.................... 37
9.5.3 Storage CoNSIderations ..o 38
9.6 LA o Q=T (=Y S 38
9.7 HVDC thyristor valve maintenance — Periodic maintenance ...................cccoeoiian.e. 39
9.8 Converter transformer maintenNanCe ..........coooiiiiiiiii e 39
9.9 Converter transformer replacement ........ ... 40
9.10  Reactor MaiNtENaNCE ........ouiii e 40
10 Asset management of co-owned HVDC project...... ..o 41
1O B 1= 4 = - | PP 41
10. Project planning stage .o s 41
10.3 Project implementation and commissioning..........cccoevviiiiiiiniiiie N 41
10.4 HVDC system maintenance management after commissioning............ .4 eeneneeen 41
10.§ HVDC system operation management.............ooiiiiiiiiiiiiiniie Qe 41
11 HYDC reliability and availability ...........ccooooiiiiiiic e N 42
111 General. eSO 42
11.4 Performance monitoring policy and practices .........coccoee. i, 43
11.3 General requirements on performance monitoring of HYDC system ...............}...... 44
11.4  Availability and reliability measurement................... 80/ e 44
11.4.1 General ..o Y e 44
11.4.2 Scheduled maintenance outages ...........oemfeneiiiiiiieieieieeeeeeeeeeeee | 45
11.4.3 Outage and curtailment times ............ 0. e 45
11.8 Verification of availability and reliability, performance ................ccooooiini . 46
11.4 Availability and reliability calculations ., .o..coviiiii e e 46
11.1 Reliability criteria of HYDC control ‘and protection system .............ccoocoiiii e 46
11.4 Alternative methods in achieving-high performance.............c.coooiiiiiinnnn e, 47
12 Dgcumentation and records ..........;d e e 48
T2, 1 GeNEral.cce i S e | 48
12.4 Common policy and practiCes ........ociviiiiiiiiiiiiei e | 48
12.3 Information management ...........oiiiiii i | 48
12.4 Types of documentation . ........cooiiiiiiii e | 50
12.§ Document identification............ooii e 50
12. "As-built"«ddrawings and data ... e 50
12.] Submittahquantities and schedule............... e 51
12.8  INVERLOIY 1St oo e e 51
12.9 System studies, equipment specifications, calculations and drawings ............]...... 51
14.94 GENEIAI ..t | 51
12.9.2 Control system hardware design document............ccoooiiiiiiiiii i 52
12.9.3 Digital control system software design document..............ccoooiiiiiiiiinnncenn. 52
12.10 Operation MaNUaIS.......c..iiiii e e e 53
12.11 Maintenance ManUalS ... e 53
S T I = T oYL aYe (=T LU LT =Y 0 =Y 1P 54
L T 7= o Y =Y S 54
13.2  Common poliCy and PracCtiCeS .....oiuiiii i 54
13.3  Training for design eNgIiNEers ... ..o 55
13.4  Training for staff participating in commissioning............c.cooiiiiiiiiiii i, 55
13.5 Training for operators and maintenance staff ...............cccoiiiiiin 55
13.6  Training on communication SYStEemM ........c.iiiiiiiii i 56
1S TR A I - 11 ¥ e =101 o o 1o o P 56


https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

-4 - IEC TR 62978:2017 © IEC 2017

13.8 Advance or intensive training at factory..........coooi 56

13.9 Operation and maintenance training...........cc.ooiiiiii i 56

13.10 Training COUrse CONTENT ...t e e e 57

1311 Training Materials ... 57
Annex A (informative) Sharing of HVDC strategic spares ...........coooviiiiiiiii i, 58
Annex B (informative) USEr SUINVEY ... ... e 59
(27 o] 1Yo | £=T o1 0V TP 60
Figure 1 — Typical bipolar thyristor based HVDC system ..........ccccoiiiiiiiiiiiii e, 16
Figure 2 — Asset management perspeclive.... ... g 19
Figure |3 — Issues influencing asset management life cycle decisions.................c..a o e 23
Figure 4 — Operation and maintenance coordination of co-owned HVDC system,...\/.......|...... 42
Figure ]A.1 — Typical method of sharing HVDC strategic spares.........cc.cc.co.. Moo, 58
Table 1 — Main asset components of an HVDC system ... b0 T e 14
Table 2 — Typical risk assessment parameters...........cocoocvvvvii b 21
Table 3 — HVDC equipment lifetime ...........ccooeiiiiiiiiin e N e 27
Table 4 — Typical HVDC maintenance activities, intervals and“methods .........................]...... 33
Table % — Time frame and scale of maintenance activities,..................ooo e, 34
Table § — Summary of maintenance methodologies s, 34
Table T — Special tools and maintenance equipment...........cccooiiiiiiiiiiiciciieeeeee e, 35
Table § — Control and protection spares........ 80 e 37
Table 9 — Communication, control and pretection miscellaneous spares ..........cccccocoeionee. 37
Table 10 — Storage of HVDC spare equipment...........cooviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e | 38
Table 11 — Equipment failures that caused unplanned outage time .......................coo e, 43



https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

IEC TR 62978:2017 © IEC 2017 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HVDC INSTALLATIONS - GUIDELINES ON ASSET MANAGEMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

this emd—arnd aeteitror—to—ether—aetiv - Bt atora andards—Fechnic ai—Speetfications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred 4o fas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested

in the subject dealt with may participate in this preparatory work. International, governmental gnd non-
govefnmental organizations liaising with the IEC also participate in this preparation. IEC collaborate$ closely
with |the International Organization for Standardization (ISO) in accordance with conditions determined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as-possible, an intefnational
consensus of opinion on the relevant subjects since each technical committeghhas representation |[from all
inter¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for international use @nd are accepted by IEC |National
Comfmnittees in that sense. While all reasonable efforts are made to ensUre, that the technical conter|t of IEC
Publications is accurate, IEC cannot be held responsible for the way\h which they are used or|for any

der to promote international uniformity, IEC National Commjittees undertake to apply IEC Pullications
trangparently to the maximum extent possible in their national/and regional publications. Any diyergence
betwpen any IEC Publication and the corresponding national orregional publication shall be clearly indjcated in
the latter.

5) IEC |tself does not provide any attestation of conformity.*Independent certification bodies provide cqnformity
assepsment services and, in some areas, access tolEC marks of conformity. IEC is not responsiblgd for any
servipes carried out by independent certification badies.

6) All ugers should ensure that they have the latest;edition of this publication.

7) No lipbility shall attach to IEC or its directorsy employees, servants or agents including individual experts and
membpers of its technical committees and.IEC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal f¢es) and
expehses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publicptions is
indispensable for the correct application of this publication.

9) Attention is drawn to the\possibility that some of the elements of this IEC Publication may be the sybject of
patemt rights. IEC shall\not be held responsible for identifying any or all such patent rights.

The main task of JEC technical committees is to prepare International Standards. Howgver, a
technidal committee may propose the publication of a technical report when it has cqllected
data of| a djfferent kind from that which is normally published as an International Standard, for
example {'state of the art".

IEC TR 62978, which is a technical report, has been prepared by IEC technical committee 115:
High Voltage Direct Current (HVDC) transmission for DC voltages above 100 kV.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
115/148/DTR 115/159/RVDTR

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

that it contains colours which are considered to be useful for‘“the correct

undefstanding of its contents. Users should therefore print this document u
coloufr printer.

IMPORTANT - The 'colour inside' logo on the cover page of this publication ind}cates

ing a
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INTRODUCTION

Asset management is defined as the act of structured and coordinated efforts by an
organization to optimally manage its assets and their associated performance, risks and
expenditures over their life cycle.

The management of physical assets (their selection, maintenance, inspection and renewal)
plays a key role in determining the operational performance and profitability of industries that
operate their assets as part of their core business.

In general, High Voltage Direct Current (HVDC) systems have specific requirements that need
to be Tessed separately as compared to conventional High voltage Alternating Qurrent
(HVAC) power transmission due to underlying differences in technology.

HVDC |systems are a well proven technology employed for bulk power transtnission gll over
the wofld, mainly because of its superior controllability of transmitted power, It can be ptilized
for valious applications such as stabilization of the connected Alterhating Currert (AC)
network, dynamic control of frequency and modulation of active and“freactive powgrs. In
additiop, HVDC is more economical for long distance transmission of bulk powgr and
applicgble for interconnecting asynchronous AC networks.

An intgrnational standard defining key elements of asset management framework for|HVDC
installgtions is therefore crucial to provide ample foundation for best practices|to be
implemlented to achieve high efficiency, availability and«eliable long-term operation.

At predent the activities with respect to asset management are standardized as International
Standard in the 1SO 55000 series. The general principles are given in ISO 55000 with|further
details|in 1ISO 55001:2014, Asset managements= Management systems — Requirements and
ISO 55002:2014, Asset management — Management systems — Guidelines for the application
of 1SO|55001. These standards are developed from the British Standard Institute| (PAS-
55:200B), which recommends a general ‘asset management framework for physical pssets.
The PAS 55-1:2008 document was<referred to in the initial development of this tefhnical
report.

In the pbsence of a credible standard reference on asset management of HVDC, utilities all
over thle world presently practice HVDC asset management based on their own interpretation
and eXperience gathered ‘through the years, which may not be in line with the bgst and
prudent practices. Thisl IEC Technical Report on the guidelines of asset managemient for
HVDC |installations.is ‘the first step, moving forward, in providing a standard framewqrk and
reference point.for operators and owners of an HVDC installation based on best industry
practicges.
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HVDC INSTALLATIONS — GUIDELINES ON ASSET MANAGEMENT

1 Scope

This document gives guidelines on the current asset management perspectives for HVDC
installations based on best practices of asset owners, operators, users, original equipment
manufacturers and regulators within the power industry.

Asset management is a set of systematic and coordinated activities and practices, through
which @an organization optimally and sustainably manages its asset and asset systemp, their
associated performance, risks and expenditures over their life cycles for the“purpose of
achieving its organizational strategic plan.

An asset management system is the embodiment of the asset life cycle Istarting from asset
planning, creation, utilization, operation, maintenance, and to the extent of, the retiremént and
dispos@l of the asset. It consists of the organization’s asset management policy| asset
managpment strategy, asset management objectives, asset management plans apd the
activitigs, processes and organizational structures necessary for their develogpment,
implementation and continual improvement.

The scppe is limited to the DC plant/equipment side of-the HVDC system including related AC
compopents of the HVDC converter station. This document covers all equipment of| HVDC
converger station and electrode station but does notinclude DC lines and cables.

This dpcument covers HVDC systems with kine-Commutated Converters (LCC) and pan be
generally applied to Voltage Sourced Converters (VSC), not including specific equipment or
sub-equipment required under VSC.

This dgcument on asset management-covers:

a) pollcy and strategy;

b) training;

c) infgrmation management;

d) chgnge management;

e) lifefcycle costing;

f) tools;

g) perforhtance monitoring and measurement;

h) dOCunlcutat;uu, UpUIGt;UII Glld IIIG;II{GIIGIIUU, alld
i) risk management.

This document provides base guidelines on fundamental aspects and prudent practices to be
considered by stake holders in managing HVDC assets. Compliance to additional

requirements and recommendations stipulated in this document by the supplier or OEM are
non-obligatory, unless explicitly specified by the customer.

The guideline was prepared based on the following references to establish best practices:

— published documents from other related organizations e.g. CIGRE;

— an international survey on current practices of HVDC installations conducted by
IEC TC 115 (see Annex B);

— regional and international forum on management of HVDC assets;
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— HVDC user working group; and
— asset management practitioners.

The international survey document and results on the asset management practices are
available with the Secretariat of IEC TC 115.

The main objective of this document is to highlight an asset management standard framework
for HVDC installations based on best known industry practices. This guideline can be
beneficial as reference document in the management of HVDC assets.

2 Normative references

The following documents are referred to in the text in such a way that some orall ¢f their
conteni constitutes requirements of this document. For dated references, only,the |edition
cited applies. For undated references, the latest edition of the referenced dogument (ingluding
any amendments) applies.

IEC 60p33:1998, Terminology for high-voltage direct current (HVDC),transmission
IEC 60p33:1998/AMD1:2009
IEC 60p33:1998/AMD2:2015

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply] other
terminglogy is as per IEC 60633.

ISO and IEC maintain terminological databases for use in standardization at the following
addrespes:

e |E( Electropedia: available at http://www.electropedia.org/

e |ISQ Online browsing platform:available at http://www.iso.org/obp

3.1
asset inventory
list of gdssets in service prkept as spares

3.2
asset mmanager
person| who manages the plant/asset and is responsible for the overall planning, opgration,
maintepance~and performance of the asset in accordance with set criteria as assigned| by the
asset qwrier

3.3

asset owner

person who owns the plant/asset or is given the role as the operator, caretaker or manager
who is responsible for and manages the plant/asset on behalf of the owner, sometimes
functions as the asset manager

3.4
asset worker
staff/worker/employee who carries out the work as set out by the asset manager

3.5

asset useful life

time interval of the asset, from its first use to the end of life, where user requirements are no
longer met due to economics of operation and maintenance, or obsolescence
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asset tagging
identification method to recognize an asset and its associated information

3.7

barcode tagging
identification method using barcode labelling to embed asset details

3.8

computerised maintenance management system

CMMS

coordination of maintenance activities through specialised computer applications

3.9
condit
CBM
preven

3.10
condit
CMS
system

3.1
correc
CM
mainte

3.12
deliver
DPP

performance measured at the pointOwhereby the asset ownership and its functio

transfe|

3.13

on based maintenance

live maintenance based on the assessment of physical conditions

on monitoring system

used in obtaining information about physical state or gperational parameters

five maintenance

hance carried out after fault detection to effect restoration

y point performance

rred to another entity

emergency response plan

ERP
set of

pre-defined processes used to protect critical assets of an organisation from

NS are

hazard

risks, ¢.g. from unplanned outages, system disturbances and disasters, and to ensiyre the

contind

3.14
energy

ance of plant/equipment operation within their planned lifetime

availability

EA

measure of the energy which could have been transmitted except for limitations of capacity

due to

3.15

outages

energy unavailability

EU

measure of the energy which could not have been transmitted due to outages

3.16

exposure hours

EH

maximum number of hours that it is considered the HVDC system could have been in service

if there had been no failures of equipment within the scope of supply.

It is the number of

hours in the reporting period adjusted for reductions in operating time due to unavailability of
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external equipment (for example, AC transmission lines and outages caused by other
equipment not in the contractor's scope of supply).

3.17
forced outage rate
FOR

number of forced outages that would occur during a one-year exposure period. It is calculated
from the number of forced outage events caused by the equipment in the OEM's supply during
the exposure hours in the reporting period

Note 1 to entry The Forced Outage Rate should be calculated in accordance with the following formula:

FOR = number of Forced Outage Events during the reporting period (Exposure Hours (EH)/8760).

3.18

life cy¢le activities
activiti¢s carried out throughout operational life cycle of equipment, particularly to prolong
performance and/or useable life span

3.19
life cy¢le cost analysis
analysils to estimate prospective cost throughout the operationaldife of equipment/plant

3.20
life exfension/refurbishment strategy
strategly to prolong useable lifespan of equipment/plant

3.21
minimyum stock level
least ppssible quantity of a product/plant/equipment to be kept as spares

3.22
namepllate tagging
identification method using traditional nameplate to engrave relevant asset details

3.23
operatjonal based maintenance
OBM
generi¢ maintenance .technique in which in-service equipment maintenance is performed
based pn operating conditions, period and other related parameters

3.24

originTI equipment manufacturer

OEM

company (manufacturer) that makes/produces the individual

equipment/plant/system/subsystem which is purchased/used/utilised by another company
(herein referred to as the asset owner)

3.25

preventive maintenance

PM

maintenance carried out to mitigate degradation and reduce the probability of failure

3.26

rehabilitation and refurbishment
activity conducted as part of asset renewal, commonly done at the end of asset life
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reliability
ability to perform as required without failure for a given time interval under given conditions

Note 1 to entry: The reliability will be assessed by determining the Forced Outage Rate (FOR) of th

system.

3.28

reliability centred maintenance

RCM

e HVDC

systematic method for determining the respective maintenance actions and associated
frequencies, based on the probability and consequences of failure

3.29

schedlile maintenance

mainte

Note 1t

3.30

hance carried out in accordance with a specified time schedule

entry: Also referred to as Time Based Maintenance (TBM).

service provider

entity
mainte

3.31

strateg
critical
immed

3.32

that provides services in the management of the asset, mainly in the an
hance, training and provision of parts and technical support

ic spares

eas of

spare parts of equipment/plant/system that\ are purposely kept to ensure rapid or

ate maintenance operation when required

party t
specia

Note 1 t
4 HV

41 |

Electrig
distribd
consun

supp“$r
i

at supplies goods or services to\organizations, differently than contractor, with
zed input such as overall engineering and system design

entry: Can be a manufacturer or Engineering, Procurement and Construction (EPC) contractor.

DC asset

Asset background

al poweriis generated as an Alternating Current (AC) and transmitted as
ted as\AC, and apart from certain traction and industrial drives and processe
ned asrAC.

added

vell as
s, it is

In man

circumstances, however, it is economicatty andtechmnicatty advamntageous toimt

oduce

Direct Current (DC) links into the electrical supply network and in some particular situations, it
may be the only feasible method of power transmission. When two AC systems cannot be
synchronized or when the distance to transmit the large power by overhead line or cable is
too long for stable and economic operation, a DC transmission is often the most viable
solution.

High Voltage Direct Current (HVDC) is a well proven technology employed for power
transmission all over the world, given the need for large bulk power transmission which has
grown along with the consumption, and the increased exchange of energy between different
power pools. This power exchange results from it being more economical to utilize the
installed generating capacity in different regions than to build new power stations in each

region.
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The development of the HVDC technology has also contributed to make HVDC more
competitive in comparison to HVAC, thus making HVDC feasible in more projects than before.

A well-known technical advantage of HVDC is in its inherent ability for control of transmitted
power. The controllability can be utilized for different objectives such as stabilization of the
connected AC network, control of the frequency of a receiving island network and in assisting
frequency control of generator radially connected to the rectifier of an HVDC transmission.
Combined active and reactive power modulation feature can be applied when found
advantageous.

By the early 1970s thyristor valves began replacing mercury arc valves, and until late 1990s

all sys

with the development of Insulated Gate Bipolar Transistors (IGBT) with high voltagé i

which

applicgtions, mainly in the weak power network and lower power rangé) VS(
self-commutated semiconductor devices.

4.2

Most of the facilities required for the HVDC converter stations, AC, switchyards ass
with the converter system, cable terminal stations, electrode stations, fibre
commynication systems and other works are as specified belowy including but not lin
the follpwing:

a) all
sw

b) AC|switchyard equipment including power transformer and buses;

c) val

d) DC|switchyard and DC filter;
e) AC|switchyard control and relay equipment;
f) AC|/ DC converter equipment;

g) calbjle terminal stations including all facilities, buildings, fencing and surveillan
sedurity systems;

h) DC|ground electrodestincluding terminal facilities;
i) fire’{ighting system_including water storage and pump house, and

j) tra
4.3

The m
1 and

ented

ems have employed the same semiconductor technology. This is now comple

n turn accelerates the development of Voltage Sourced Converters (VSG), for

Asset facilities

Civil works, foundations, firewalls and structures.@and perimeter fencing for the A

S;

Ve hall;

sformer oil"and glycol containment and oil-water separation systems.

Asset components and layout arrangement

inassets for HVDC installation at the facilities as mentioned above are given i

atings,
HVDC
uses

bciated
optic
ited to

C / DC

iLChyards associated with the converter station<including the transformers and AC filter
are@s;

ce and

Table

tunical simplified lavout arrancgement in Figure 1
PAL g J ~J ~J
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Table 1 — Main asset components of an HVDC system

Asset

Component/Equipment

Converter

Thyristor valves and valve base electronics.

Valve cooling equipment and cooling control

Converter transformer

Converter transformer and associated equipment.

AC filters and high frequency (HF)
Filters

AC harmonic filters and shunt capacitor.

AC-side high frequency filters for the converter transformer
connections to the AC.

Smoothing reactor

Dry or oil filled smoothing reactor connected in series with

converter(bridag)
A3 F=7

AC shunt reactor

AC shunt reactor and assosiated component.

DC filters and high frequency (HF)
filters

DC harmonic filters and associated component.

DC-side high frequency filters for connectionsoithe DC
switchyards.

DC neutral bus surge capacitors.

Blocking filter arrangement, e.g. tuned{to fundamental freqdiency,
to mitigate coupling from parallel AC"circuits.

DC switchyard equipment

DC measuring devices for curfent-and voltage.
DC wall bushings for high veltage and neutral buses.

DC switchgear including surge arresters, high speed circuif
breakers and any associated equipment needed to ensure furrent
zeros can be achieyved, DC high speed switches, high voltajge and
low voltage diseconnectors, earthing switches, bushings,
insulators, tubular bus, conductor, connectors and other
associated hardware as applicable.

DC neutral ' bus equipment.
DC_switchyard structures and connections.

Fault location coupling devices.

AC switchyard equipment

AC circuit breaker.
Disconnector.
Current and voltage transformers.

AC switchgear equipment related to converter station and
associated equipment including surge arresters, earthing
switches, bushings, insulators, tubular bus, conductor, conpectors
and other associated hardware as applicable.

AC and DG_centrol and protection
equipment

Control and protection for the HVDC system, DC converter$, DC
switchyards, DC transmission line and DC cables, convertdr
transformer, smoothing reactor and DC filter equipment.

Control and protection for AC switchyard equipment, AC filfer and
reactive power compensation equipment.

Control and protection for valve cooling system.
Station auxiliary system control and protection.
Electrode line protection and monitoring systems.

Fault location and fault recorder equipment for HVDC
transmission lines and HVDC cables.

Control equipment required for electrode and electrode line
protection and monitoring, and associated communication
interfaces for exchanging signals with the associated converter
station.
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10 Fire detection and protection Fire detection and alarm systems for the converter stations
systems including but not limited to:

All fire protection systems in the valve hall, including the DC
switchyard and DC filter buildings and AC switchyard control
buildings.
Water deluge fire protection systems for oil immersed
transformers and reactors and oil filled bushings.
Stand-by diesel pump for fire protection.
Fire protection water supply and storage.

11 Electrode stations Land or sea electrodes.
Connecting cables between electrode segments and incoming
elecfrode Tines.
Disconnects to isolate electrode or segments of the electrode.
Current measuring devices for electrode segments.
Electrode line protection and monitoring.

12 Auxiliary AC supply LVAC supply to cooling and valve for the.converter asset.

AC distribution board.
UPS for AC supply to critical equipment.
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Valve Smoothing
Hall Reactor DC Switchyard

POIe 1 ii 66_;9'} H N D(E;CT DC Line or DC Cable

! _E | DC Filter
Converter ! !

Transformer| |

] ’_ : ’
1 = AN

anl NBS ERTB
ole | ——e—3——¢
L] oot ] Electrodd Ling
(T i = NBS DC-CT

Pole2 ' © : —— ¢}
| § | ool k MRTB l

Fonverter DC Filter

Transformer O jNBGS

BO—| :
L | bect DC Line or DC[Cable
ioect; | bt A

Smoothing - j
Reactor u> 1
AC Filter
——{ [ NBS - Neutral Bus Switch
Lo MRTB - Metallic Return Transfer Breaker
NBGS - Neutral Bus Ground Switch
ERTB - Earth Return Transfer Breaker
o it
Shunf Capacitor
Bank
IEC

NOTE 1| Actual station configuration subject to individual HYDC scheme project specification.

NOTE 2| The scope excludes DC lines and DC cables.

Figure 1 — Typical bipolar thyristor based HVDC system

5 Asgset'‘management policy and strategy

5.1 General

In asset management, an integral part of the management system is to establish policy and
strategy for the organization in terms of its asset management principles, approach and
directions. The policy and strategy are to be applied throughout the life-cycle management of
the organization’s physical asset. The policy and strategy should also comply with any
legislative or other legally-binding regulations in regards to the organization’s business and
operations.

In the asset management policy, the document is expected to provide the asset management
framework to support and in alignment with the organizational strategic plan as well as the
mission and vision of the organization. The framework should be in accordance with the
organization portfolio of physical assets and nature of its business operations. Additionally,
the policy should be consistent with respect to other established organizational policies.
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For the asset management strategy, the document is expected to derive further detail of the
asset management framework stated in the policy. In doing so, the strategy should state the
desired outcome from the assets for the long run in support of the organizational strategic
plan. The strategy document should also clearly state the enablers and controls in the asset
management system, along with the applied methods, as a platform in the implementation of
the asset management activities and in ensuring sustainable development of the asset
management system.

Additionally, criteria on prioritization and optimization of the assets should be established for
comprehensive implementation of asset management activities within the organization’s
resources and capacity towards significant and impactful result and performance.

Both d
be rev
princip
system
stakeh

It is ¢
manag
utilitied
asset 1
and H\

5.2

Most u
applies
and st
structu
aspect
extens

Information sharing on asset management processes and methodologies between OH

the uti
assets
cycle

minimi
contind

The fol
HVDC

— pla

bcuments should be documented and maintained appropriately. The documents
ewed for any changes to the organizational strategic plan and/or changes

. Furthermore, both documents should be communicated accordingly/to all r
blders including OEMs and contracted service providers, if applicable:

pnsidered adequate to have a common set of asset managément policy ang
bment strategy which applies for all the organization’s physSical assets, i.e. el
for its HVDC and HVAC assets. However, separate asset management poli
nanagement strategy can be established if the organizational strategic plans of
AC assets are different.

Common policy and practices

ilities have established a common set of asset management policy and strategy|
to both HVAC and HVDC power system.-assets. A separate asset managemen
rategy can be beneficial, particularly(f dissimilar operating performance an
fe are expected throughout the life-cycle of the HVDC assets. This may

5 such as engineering design philosophy, maintenance strategy, spares availabi
on strategy, replacement, refurbishment and disposal of equipment.

ities will enable an increase in the profitability and efficiency on the use of
while at the same time safeguarding required performance levels and minimiz
tosts. An integrated: optimization process enables the utility to determine
re the total life-cycle cost of owning and operating infrastructure asset
ously delivering._service levels demanded by customers.

asset:

ning aspects;

should
in the

es, approach and directions of the organization’s asset and its asset’ management

Blevant

asset
pctrical
cy and
HVDC

which
policy
d cost
nclude
ity, life

M and
HVDC
ing life
how to
while

lowing aspects are considered important and should be included in the management of

— engineering and system design;

— development;

— operation and maintenance; and

— retirement.
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The other aspects to consider include:

5.3

The fol

a)

e)

revi

revi

ew and evaluation of operational performance data compared to targeted value;
ew and evaluation of scheduled and forced outage trend and impact;

determination of applicable and useful maintenance method;

dev
revi
revi

life

elopment of maintenance planning;

ew of effect on system performance;

ew and study on financial impact/status; and
extension/upgrading and replacement study.

pla

acd

Jowing asset management framework is recommended:

Asset management framework

Nt availability, focusing on:

reliable facilities;

adequate maintenance;

secured spare parts and maintenance crew/engineers/technicians;
formance review of HVYDC system, focusing on:

international benchmarking on performance or similar’hature on project data or s
owned project performance;

key performance indicator or index for criteria éyaluation of HVDC performance;
mized and least cost solutions that emphasized on:

aging and least life cycle cost;

rgy and commercial losses due to:

energy losses in operation;

losses due to scheduled outage;

losses due to forced outage;

penalty such as un-served energy governed by the contract; and
eptable and manageable risks:

focus on the.faet that 100 % guarantees are not required, but the risk level ha
clearly undér-control in relation to the risk appetite of the stakeholders.

tate of

he necessary investment for project requirements, maintenance cost depending on

5 to be

The empbodiment of asset management policy, strategy, plan and objectives in a coordlinated

framew

ork @s;illustrated in an asset management perspective as in Figure 2.
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Organizational plans and
organizational objectives

Strategic asset management
plan (SAMP) asset
management objective

Plans for developing asset

management system +
relevant support

l

Implementation of asset Asset management
management plan(s) enablers and controls

A 4

[ Asset portfolio

|

1EC

Figure 2 — A\@s%t management perspective
O
<

.
.

S

isk management

6.1 eneral C)

In ord against operational and financial uncertainties, risk management|should
be int e asset management system throughout the whole intended life dycle of
HVDC linstal s. The main purpose is to comprehend the cause, effect and likeliHood of
advers s affecting HVDC installations and to provide adequate auditable prpactive
actions risks to acceptable levels according to the relevant legal and statutory
requlr “““ pe—atitevet1oYy 1€ OTTOWA O™

a) Identifying potential risks affecting normal asset operation.
b) Identifying all affected equipment and their main functions.
c) Defining criticality and likelihood of identified risks.

d) Determining whether these risks are acceptable.

e) Devising and implementing appropriate risk control measures to eliminate or minimise
impact.

f) Performing regular risk analysis, review and audit.
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6.2 Risk management requirements

Legal requirements involving safety of employees, third party personnel, environmental impact
and the general public, shall be managed to comply with the appropriate standards, in
addition to compliance with the relevant legislation on corporate and financial risk
management. The organization managing HVDC installations is recommended to establish,
implement and maintain structured documented processes for the risk management of
equipment and associated systems throughout the life cycle of the asset. Regular review and
audit at pre-defined intervals should be exercised to continuously improve existing processes,
particularly in conjunction with other quality management systems deployed by the organization.

The following approach may be adopted for risk management processes:

a) Cldssification of assets into a list of major equipment, part or system, including atl\relevant
infgrmation.

b) Definition of scope and limit of individual risk assessment.

c) Ideptification of probable risks using a table or matrix of likely evehts and thgir root
cayses.

d) Delermination of risk control measures available or proposedi/through risk reg@luction
hiefarchy, namely:

— |elimination,

— |substitution,

— [physical controls,

— [signage or warning signals,

— ladministrative or procedural control.

e) Delermination of level of risks in terms of-likelihood of occurrence and potential |impact
(with and without control measures being successfully implemented).

f) Defermination of tolerability of risk -by, evaluating adequacy of any control measyres to
mekgt relevant legal, statutory and other requirements.

Risk management of physical asséts should therefore include consideration of risks |across
the whple asset life cycle. For-example, the design process should include the identification
and management of risks throughout the life of the asset, taking into account the opjrating
conditipns and criticality ‘ef ‘the asset utilization. The overall methodology employed by
organization for risk management of HVDC installations should include but not limited to the
following:

g) Proportional to'the overall level of risk (severity) and likelihood of event.

h) Proactive approach is to be incorporated to manage risk throughout the whole life dqycle of
the|assets

i) Compliance to relevant statutory requirements, legislations, license conditions, etd., shall

TTOTSotOo 1T

j) Assessment of variability of certain risks due to factors such as aging, atypical usage,
exposure to environmental elements and other anomalous operating conditions.

k) Identification of risks that are tolerated, avoided, eliminated or controlled according to the
type of equipment involved.

I) Control measures employed are consistent with prevalent organization’s resources.

m) Provision of necessary governance and monitoring of planned and executed actions to
ensure completion and effectiveness of control measures implementation.

Since risk is defined as the product of probability and consequence, risk identification and
assessment need to recognize and include consideration of both these factors, whereas the
complexity of modelling and risk controls should be commensurate with the nature and
magnitude of the risks being managed. It is important that risk assessment is applied
consistently throughout the organization based on a common approach and methodology
whenever possible.
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Techniques for identifying, quantifying and managing asset-related risks are well established
and may be applied according to specific requirements, as in Table 2.

Table 2 — Typical risk assessment parameters

a) SWOT analysis (Strengths, Weaknesses, Opportunities, Threats)
b) HAZOP (Hazard and Operability Studies)

c) Risk assessment workshops

Risk identification d) Industry benchmarking
e) Incident investigation

f)  Auditing and inspection

a) Threat analysis

b) Failure Mode and Effect Analysis (FMEA)

c) Failure Mode and Effect Criticality Analysis (FMECA)
Risk analysis d) Root Cause Analysis (RCA)

e) Event Tree Analysis (ETA)

f) Fault Tree Analysis (FTA)

Reliability Centred Maintenance (RCM)

Condition Based Maintenance (CBM)

c) Risk Based Inspection (RBI)

Risk cdntrols

d) Instrument Protective Function (IPF)

The organization should ensure that the results ‘of)risk assessments and the effects|of risk
controllmeasures are considered and, as appropriate, provide input into:

n) Asget management strategy.

0) Asget management objectives.

p) Asget management plan.

q) Ideptification of adequate resaources including staffing levels.

r) Ideptification of training and/competency needs.

s) Delermination of contrals and their implementation for assets’ life cycle activities.

t) Overall risk management framework.
6.3 Common policy and practices

The leyel of risks and associated measures are inherently different between practicing ptilities
and in the ©verall context of structured risk management, it varies significantly. HoweVer, the
resultingMisk management initiatives should help to optimise asset returns, particularly in
terms ofdrivinghighsystemavaitabitity andperformmancetevet:

The organization should keep the results of risk identifications, assessments and
determination of controls up-to-date throughout the life cycle of the assets. In addition, the
consideration of risks should be addressed as integral part of the organization’s corporate risk
management framework. As an example, the design process should include the identification
of risks during the operation and maintenance phase of the asset, including its eventual de-
commissioning and disposal and taking into account the operating conditions and criticality of
the asset.
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7 Asset management life cycle activities

7.1 General

Asset management activities such as risk assessment, policy, strategy, objectives and plans
are relevant for the entire asset life cycle with the focus on life cycle activities that include
acquire/create, utilize, maintain and renew/dispose.

Asset management plan should forecast implications that life cycle and aging infrastructure
have on the service quality delivered by the system and the associated changes to the historic
levels of capital and Operation and Maintenance (O&M) costs. As the HVDC installation ages,
it ente ' ' i i i i i d and
investment to ascertain high level of operational availability. In order to effectively/cqnvince
sharehplders and regulators that increased investments are required to mitigate~and [control
such rigks, there is a need to improve the understanding of the following aspects:

potential impacts to the company’s operating cost and business objectives in grder to
majntain the required levels of service quality, workforce safety!|public safety and
enyironmental performance.

b) How the frequency and duration of forced and planned outages' change as equipment
approaches its end-of-life, and the resulting financial and operfational implications.

c) How the Delivery Point Performance (DPP) of the system’ would be affected when a
sigpificant proportion of the equipment is aging, as, the' customers may experignce a
redl.uction in service quality.

d) The relationship between specific equipment perfermance and DPP, so that appropriate
actlons can be directed towards the highest priority assets.

e) Opportunities to take equipment out of servige for preventive maintenance may be limited,
e.g|l for heavily loaded network, which miay increase the long-term risk on DPH to an
ungcceptable level.

f) Teghnical merits and cost impact associated with refurbishing aging equipment |versus
repjacement options.

g) Key equipment parameters whieh shall be monitored to determine the condition of these
asdets, and related methodology to analyze failure risk.

This ipformation shall be_ effectively communicated to the financial group witHin the
organization and to the regulator to ensure that such costs are accounted for and recoviered in
accordpnce with the related cost allocation and agreed design principles. Establishing {he risk
(probability and consequence) of asset failures on the business values of the compaphy and
determfning the Jeast cost means of correcting the situation, when warranted, is ong| of the
most importantresults which shall be delivered by an asset manager.

7.2 AsSet‘management decision process

The asset management decision process can be divided into several parts.

a) Complying with specific requirements of different stakeholders through coordinated
strategy for fleet of system equipment.

b) Determination of the total required expenses for performing the actual or replacement
value of equipment and to sustain necessary maintenance requirements.

c) Allocation of sufficient fund for capital investment and operating costs on the basis of a
prescribed financial limits.

The next step in the asset management process is in the determination of the total asset
budget and the decision making process to identify which components in the fleet of
equipment that should be maintained, refurbished or replaced.

Figure 3 illustrates certain considerations which contribute to effective life cycle activities in
asset management decisions.
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equipment now \
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Figure 3 — Issues influencing a@s t management life cycle decisions
.\Q)
Accurate and updated knowledge okféset condition is vital for effective decision making
procesp, which is typically obtained.through systematic acquisition of diagnostic ddta and
supported by expert analysis. In ition, knowledge of prevalent conditions of assets|allows
them t

be ranked for prioriti@%n of actions to be taken. In order to deploy apt and timely
r

remedipl actions, it is important that asset managers understand the asset condition in

relation
diagno
life ma

Prioriti
system
always
mainte

to aging effect .ot deterioration with time and usage. For example, early asset
stics typically reveals negligible asset deterioration but diagnostics later in the asset
y detect appre@ble deterioration which will eventually lead to failure.

5ing of &l maintenance plans can be based on the importance of an assef| to the
e

t riorities for all utilities, system design allows for scheduled outades for
N purposes to be taken, if necessary. So, relevant assessment of asset crjticality

and DPP. Even though availability and avoidance of customer outaaes are

needs

Asset

o takethese perspectives inmto consideration:

management decisions are also influenced by the prospect and practicability of

potential corrective and mitigated actions to be performed. For assets which have known
problems, actions to resolve them should be considered for short and long terms purposes, by
including factors like functionality, capacity, environmental impact and also excessive
stresses on the asset. Timely execution of asset refurbishment and replacement is vital to the

succes
strateg

s of asset management practices, particularly in combination with network planning
y. The management decisions should eventually meet prudent company financial

practices and inherent constraints to justify expenditure proposed.

The common maintenance strategies employed are as follows:

d) Corrective and remedial maintenance.

e) Schedule maintenance.
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f) Condition-based maintenance.
g) Reliability centered maintenance.

7.3 Life cycle costing
7.3.1 General

The approach in life cycle costing of asset management activities are useful in a typical
annual business planning effort, particularly for mitigating identified risks with respect to
business objectives using the least cost methods. When a significant proportion of the
equipment is entering the wear out region, utilities tend to employ alternative methods to
forecast the long term implications of system aging. These methods of investigating longer-
term inrptications—whitr requite adaitionat mformation refatedto project faiture Tates, jepair /
refurbish / replace costs and the demographics of the various asset populations ase fgund to
be useful for the following reasons.

a) Prdvide a long term macro view of the problem, which can be used-/to-identify major
chgnges in the historic levels of costs and system performance.

b) Asgist in ensuring that asset harvesting is avoided, particularly over a-long term perjod.

c) Validate the sustainability of existing capital and O&M costs;, developed through the
tragiitional business planning process.

d) The¢ two main approaches, which are currently widely employed, are described belofv.

7.3.2 Forecasting O&M costs due to asset failures
7.3.21 General

This approach involves investigating historical failure rates of main delivery assets gnd the
associgted historical repair / refurbishment costs’(O&M costs) not only from the actual jproject
but alfo from experiences in similar projects, different applications with comparable
equipmnent, CIGRE statistics and supplierczinformation. Asset demographic information fis then
used tp correlate and predict future-number of asset failures. Assuming that thHe new
population of assets goes through the same failure and repair / refurbishment cycleg, then
expected average failure rates and_related repair / refurbishment costs can be develgped to
forecagt future O&M costs. The'following five-step process has been effectively used by
utilitied to forecast expected changes in O&M costs, particularly due to system aging|/ wear
out.

7.3.2.2 Investigate the types of failures historically experienced based on sele¢ted
asset type

One off the examples to be considered is the converter transformer used in a typical| HVDC
system| arranigement (which is subjected to average loading levels and system faults) that was
expectedto-require major refurbishment of the transformer tap changer and cooling pystem
prior tg end-of-life.

7.3.2.3 Identifying the age during which these failures are expected to occur

In the above example, it was found that the major refurbishment of the tap changer and
cooling system is expected to occur between the transformer ages of 35 to 45 years and, this
failure / repair cycle is expected for about 70 % of the related transformer population.

7.3.24 Reviewing the costs historically incurred to affect the necessary repairs

For the above transformer example, the actual O&M repair costs were obtained from the
historical records within the work management system. These records are typically used to
generate an average repair / refurbish cost for the said failure modes.
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7.3.2.5 Determining changes in the number of expected failures based on
demographic information of the asset type

In the above case, the demographic transformer information indicated that, say over the next
5 years; the number of transformers within this age region would double and remain at this
level for about 5 years.

7.3.2.6 Establishing a forecast of work and related costs based on historical
experience and demographic information

Based on the above example in the analysis for converter transformers, the utility would be
able to predict the expected increase in O&M costs resulting from the aging system. The

utility Wmmmmy—dﬁvmp—a—anﬁe—mwwgem?m—mV—m[ such
transformers, which may include coordinated refurbishment of the tap-changers ‘and the

cooling systems. This process tends to reduce both the overall costs of theywork and
minimized outage requirements, as compared to the traditional reactive based approgch for
dealind with these failure modes.

This kind of approach enables the utility to strategize well ahead for, the increases ih O&M
expenditures, particularly those driven by changes in the demographi€ profiles. In addjition, it
also provides the utility with the appropriate rationale for their business case to justify to the
stakeholder/regulator. Another benefit is in the ability to¢ forecast potential rdgsource
requirgments for technical work force, training and equipment.needed to perform the wark.

7.3.3 Forecasting capital replacement costs due to asset failures

An apgroach which is used by utilities for the purpose of forecasting capital costs ass¢pciated
with replacement of aging infrastructure is with the/use of probabilistic failure curves |for the
varioud asset groups in conjunction with projected asset demographic information. The
approach is based on utilising probabilistic representations of asset life for major clagses of
delivery assets and applying these to thelrelated demographic information for each asset
group. [Such probabilistic representations~are obtained from available industry data qources
and adjusted according to the experience of the specific utility. A number of regulatory gntities
around| the world require utilities to provide this type of information for the purpose of epsuring
that related investment levels are keeping pace with their aging systems, so that unexpected
major ipcreases in capital investments are avoided.

The methodology for lifecycle analysis is to smooth out the forecasted capital expenditure
levels pver a long term jperiod for HVDC system. The approach provides information that can
also bg used to independently validate the capital replacement levels that are identified by the
normal| business/planning process. Typically, the normal business planning process involves
collecting infonmation from the field on the conditions of the HVDC installation and making
decisions on=which items need to be replaced in any given year. The probabilistic analysis
uses independent information sources to generate near-term and long-term anticipated levels
of capifalreplacement due to asset failures.

Capital replacement levels can be compared to the results generated by the traditional
maintenance planning process and any significant differences can then be rationalised.
Comparing and rationalising significant differences between the two approaches result in
increasing the degree of confidence in the reinvestment levels and represents prudent
planning practice for this important business issue. With the introduction of performance
based regulation and the resulting longer periods between rate re-sets, the longer term view
using this approach is beneficial in preventing asset harvesting (reducing or altogether
eliminating investment in a particular asset for profits) and minimising the risk of unforeseen
costs escalation.
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7.4 Spares strategies

It is customary to keep a specific number of strategic spares deemed sufficient to cover
catastrophic failures of major equipment critical to the operation of the system, such as
transformers and switchgears.

The number of equipment spares is usually derived based on OEM recommendations,
historical failure rates, related replacement times and impact of outages on customers. With a
larger proportion of the asset base entering aging region where wear-out equipment may be a
concern, an alternative to proactive replacement would be to keep additional spares which are
based on forecasted failure rates.

spares|typically assume that the in-service assets are in the useful life region of.the |hazard

The mtthods and models which are presently in use for establishing the number of stlrategic
rate cu

ve.

Dependling on specific equipment demographics, the suitability of these methods and models
should|be reviewed to ascertain that they remain applicable during the time period. If p large
proporfion of the asset base is approaching the end of life region, the probabilistic|failure
projectjon approach mentioned earlier would provide a more accufate basis for detefmining
strategjc spares requirements.

7.5 Life extension strategies

There @re a number of techniques used in the power utility industry to extend the life of major
assets] which include the following options.

a) Refurbishment of existing equipment, for example control and protection system upgrade,
HVPC cooling system overhaul and dryinng of converter transformer. This approach
includes major overhaul activities or remedial maintenance tasks and often igvolves
sighificant outage times and costs.

b) Derating of equipment to minimize_aging. Reduction of the stresses has the same effect of
moying the hazard rate function towards the right, or to effectively extepd life
expectancies in a statistical sehse.

c) Incfease in maintenance activity or adapting specific maintenance practices to focus on
key components for critical equipment.

d) Insjalling on-line manitoring system for critical equipment to ensure operating stresges are
kegt to a minimum_level, where possible.

Table B shows egtimation of typical lifetime (that of design or operation or service [life) of
HVDC lequipmeént (also referred to as Asset Useful Life) in an HVDC installation as puplished
by CIGRE Téchnical Brochure No. 649.
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Table 3 - HVDC equipment lifetime

No. Equipment Life time (Year) Remark
1 Converter transformer 40
a AC bushings 25 -30 25 years for oil impregnated paper bushing;
30 years for resin impregnated paper bushing
b Tap changer 30 Or 350 000 operations:
replace seals and springs
[ Cooling equipment 25
2 Thyristor valves 35
a Thyristors 35
b Valve reactors 30
c Tubing/piping 25
d Fiber optics 35
e Damping capacitor 30
f Damping resistor 30
g Electronic cards 25-30
Coolers 25
3 HVDC control system
a HVDC controls (analogue) 35
b HVDC controls (digital) 12 - 15
c Human/Man Machine Interface 7
(HMI)
4 DC smoothing reactor (oil and ajr 35 Bushing may have a shorter life
core)
5 Optical DC current measuring or 30 Electronics may have a shorter life
DCCT
6 DC voltage divider. 30
7 DC surge arrestersand DC 35
insulators
8 DC bushihgs ‘and wall bushings 30-35 30 years for oil impregnated paper bushing; 35
years for resin impregnated paper bushing.
DC bushings have more insulation than AC
bushings
9 DC switching equipment 35 Or estimated life as 10 000 close/open
according to mechanical endurance class M2
10 DC bus-work and structures 50
11 Ground electrode 40 - 50 Normal design life
12 Communications systems 15
13 Civil work 50
NOTE 1 Excludes design and production run quality issues.

NOTE 2 HVDC station design life of 35 years to 40 years.
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7.6  Run to failure strategies

Certain assets making up the HVDC system may be non-critical with respect to the impact of
their failure on the short-term performance or the business values of the company. The
preferred strategy for such equipment may be to allow them to run to failure before repairing,
refurbishing or replacing with new equipment. For example, run to failure strategy can be
applied to non-critical asset which is equipped with on-line monitoring. Spares should
however be kept for replacement. In the case of HVDC asset, a thyristor can be treated under
this strategy where it is fitted with an on-line thyristor level monitoring. However, forecasting
the expected number of in-service failures should be implemented, particularly when
significant proportions of the asset are approaching the end of their design lifespan.

7.7 efurbishment of HVDU system

Technital life assessment should be performed to determine the existing conditions| of the
HVDC |system and its associated equipment. Options to extend the reliability” and| useful
lifetimg of the asset should be explored, particularly when it is approaching the’end of|design
life cydle. Decisions to refurbish or rehabilitate an existing HVDC systenrate typicallyl based
on the following assessment criteria.

a) Aging or deterioration of equipment under environmental conditions and overload.
b) Obgolescence of equipment technologies — lack of spare parts-and support.

c) Reliability and availability of main equipment due to prior failures during operation.
d) Lagk of expertise, knowledge and support of the existing sub-systems.

e) Long downtime of the HVDC link due to maintenangeconstraints.

f) Major changes involving the network configuration or the HVDC link.

g) Frequent major failures of control system.

h) Retnegotiation of bulk power purchase price.

i) Prdposed increase in asset utilization.

j) Prdposed increase in power transfer.

k) Prdlonged operation of the asset for another 10 to 25 years.

I) Systematic failures due tolequipment design.

The asgessment to substantiate the proposed refurbishment work should indicate that it is the
most cpst effective and\technically viable solution to extend the life of existing HVDC gystem,
withou{ any performance penalty. Refurbishment work typically involves replacing| major

equipment and cfitical sub-systems which are approaching their end of useful lifetimes,
insteaq of constriicting or installing a completely new DC link of similar rating and type.

In the| event of the main equipment being considerably different at both ends, the
refurbishment work should be coordinated to commence simultaneously to avoid or mjnimise
additional scheduled outages. It is recommended that periodical meeting and discussion be
held to update work progress, resolve pending issues and re-align schedules with respect to
the refurbishment work, particularly involving utilities and contractors from different nations.

8 Change management

8.1 General

Where existing arrangements are revised, or new arrangements are introduced that could
have an impact on asset management activities, the organization should assess the
associated risks before the arrangements are implemented. It should include revised
organizational structure, roles and responsibility, revised asset management practices for
example, asset management policy, strategy and plan and the introduction of new asset /
system / technology / contractor / supplier.
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Depending on organization, many transmission businesses are in a deregulated environment
which is moving to separate asset ownership, asset management and service provider
functions in the belief that the role separation will lead to greater efficiencies. The same
applies to HVDC interconnection in transmission systems.

8.2 Common policy and practices

Management of change that impact the asset, taking into account risk assessment prior to
implementation, is important and often best accomplished using internal resources,
particularly if seamless transition and long-term interests are in mind.

Complete outsourcing of change management by service providers is less preferred
particularly because of the lack of thorough understanding of the prevalent organiZational
issues jand systemic constraints.

Prolonged retention of specialized HVDC personnel, in particular with respectiio olderf HVDC
design|and technology, is essential to sustain operational effectiveness thtoughout th¢ asset
life cygle. Often, this can be addressed through structured remuneration;/special incgntives
and provision of continuous training schemes and exposure.

8.3 Development of resources in HVDC system

8.3.1 General

One of the challenges in HVDC technologies is that* most of the HVDC system and
installations are proprietary and very specific to OEM design, especially on contfol and
protectjon system and thyristor valve and  associated equipment. The design and
characjeristic of equipment between OEMs are_different and can be compounded baged on
the technology in a particular time. Both utilities‘and OEMs often faced a problem in rgtaining
specialized personnel with respect to older HYDC design and technology.

8.3.2 Skill retention and development in HVDC system

The type of specialized skills and Knowledge on the high technology content in HVYDC pystem
to be retained by asset managers or asset workers is a fundamental decision fof each
organization. It will depend on‘\their views of the strategic importance of retaining certain skills
or knoyledge and the economics of retaining some non-core skills within each organjzation.
Organigations using outsourcing of both intellectual and labour resources claim a number of
benefits. However issues such as the loss of basic technical knowledge or understanding of
the copdition of their assets and the impact of outsourcing on the skill retentign and
development of theinternal and outsourced workforce are amongst other factors which have
to be cpnsideréd)

These |issues should be considered when setting up outsourcing models to avoid| costly
outcomes-at a later stage ﬂrgnni72finne prnr‘onding on-this path fire’rly need to iden |fy the
mainstream functions for which a distinct knowledge or skill base is an essential component
and whether it is a core function or not. Once the extent of these functions in the organization
is identified, the relevant skills and the level of retention can be assessed. Prior to assessing
whether a skill or knowledge base is to be retained or outsourced, it is important to have a
process to clearly understand who is currently providing the key knowledge. The capacity of
the provider to continue to provide the skill over the longer term should be assessed and be
able to be monitored.

8.3.3 Factors in deciding level of HVDC skill retention

The following factors determine the level or degree to which specific HVDC skills or
knowledge should be outsourced and when these processes should be implemented:

a) cost difference if skill is outsourced;

b) importance and availability of emergency response;
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c) completeness of maintenance standards;

d) ease or difficulty in specifying and assuring quality performance;

e) uniqueness of the skill or knowledge;

f) need for internal asset workers to grow their own business using this skill;
g) organizational need to exploit new technology;

h) need for delegated responsibility in the asset worker;

i) level of condition monitoring information available to the asset manager;
j) commonality of strategic directions between asset manager and worker;

k) age of the asset base;
I) stajus and capability of industry training organizations and processes;

m) reténtion of sufficient expertise so that the asset manager can be a knowledgeable buyer
of @utsourced service provider skills; and

n) avdilability of skills with suppliers and consultants.
Another input to this process is to consider the relevance of different“business driyers of

internal and external service providers and their synergy with the /6rganizations for dffferent
activities.

8.3.4 Skill retention under different organizational relationships

There pre a number of possible organizational relatianships that will achieve the regquired
level of skill retention. If high performers are suitably<positioned in the relationship thley can
make less than optimum organizational relationships still function well. The aim hpwever
should|be to have organizational relationships that facilitates skill retention and develgpment,
independent of personalities. To this end it is~important to recognize the relevant stjengths
and wdaknesses in the different organizational*models.

One way to facilitate this is to have a clearly defined area of responsibilities. It will not{matter
who has the individual responsibilityy provided the associated activity can fit in wjith the
training and skills of the assigned group.

8.3.5 Establishing a productive work culture

The impact on the asset) workers’ motivation can be even greater if the asset manager is
perceiyed to exert unfair power over the asset worker. In some instances, this has ¢reated
enormq@us tensions.between asset managers and asset worker / service providers anq led to
inefficiencies or‘even rejection of the asset manager/service provider model. The challenge
therefore is to.create two separate roles without reducing the care and attention by th¢ asset
worker|on the.HVDC equipment or the competence of the asset manager, as this could|impact

on HVPE, system reliability. Achieving overall asset management objectives requirg close
teamwaork-between the two functions

The two main challenges are:

— setting the level of skill retention and its ongoing development; and

— establishing a culture where the asset manager and the service provider work productively
together and avoid unnecessary conflict.

A preferred path is to create a culture where both the asset manager and the asset worker
understands their respective roles, take pride in their jobs and are motivated by their
responsibilities. The emphasis is required on increasing teamwork and cooperation between
the respective groups by increasing their level of understanding of each other’s roles and the
importance of each role. If this teamwork can be achieved, priorities should be aligned.

Possible ways to enhance teamwork include the following:
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a) Developing HVDC maintenance policies and standards through a process led by the asset
manager with representatives from both groups. This process draws on the collective
experience from both groups within the organization and ensures collective ownership of
the policies.

b) Involvement by the asset worker in expenditure decisions made by the asset manager.
This ensures that first-hand knowledge of the HVDC assets and any HVDC system
operating problems are taken into consideration in any decision making. The priority of
projects and tasks can be jointly agreed. The long-term goals of the asset manager and
the immediate security concerns of the asset worker can be addressed through such joint
decision making process.

c) Delegating to the asset worker full responsibility for expenditure decisions for routine

o B A e—Ha—a rdan. bbbtk oo oo rito o
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— maintenance policies and standards;

— [long-term strategies for the transmission assets;
— [strategies specific to particular plant items; and

— |any other guidelines issued by the asset manager.

d) Application of common performance measures for any group where their input has an
imgact on an asset. An integrated process of asset operation will allow teams and
ind|viduals to identify where their contribution makes an impact. This will ensure that all
participants are seen as important contributors and that theiriinput can be identified

8.3.6 Alliances and partnership

Another strategy in the management of change is by @alliances or partnership with an external
servicg provider, who may for example be an equipment manufacturer / OEM or engipeering
compafpy / supplier. This is useful in the application” of new technology and for more effective
utilization of existing technology. A new design.ef HVDC equipment offering a step reguction
in opernational costs can be introduced by a cooperative effort early in the production grocess
with bath parties sharing any inherent risks:that may be associated with its early perforinance.
With eixisting technology a service provider / manufacturer may be in an advantageous
positioh to provide advice in relation,to)his equipment on:

— Whhpt is the minimum maintenance to sustain life expectancy.

— Whpt maintenance practices’will allow design life to be achieved comfortably.

— Whpt operation and maintenance strategies prolong service life beyond design life.
Alliancgs / partnering'when correctly applied have broad potential for cost savings in fjelation
to spegifications, tendering, marketing and contract management. For a win-win outcoie it is

essentlal for theldlliance partner to share responsibilities and rewards for performance| based
outcomles.

8.3.7 Maintaining capabilities over the long term

Industry restructuring can give rise to a number of risks associated with loss of expertise.
However, these risks may take a long time to materialize, especially if an HVDC system is
particularly well supplied with skills at the commencement of the restructuring process. Once
lost, these skills may be difficult to rebuild. It is important that an appropriate long-term
perspective on sKkill retention is maintained. HVDC training on planning and processes should
be fostered to ensure the long-term provision of adequate specialist skilled resources to meet
HVDC system needs.

9 HVDC maintenance

9.1 General

The HVDC converter equipment should be maintained in line with the recommendations of the
OEM. Preventive or schedule maintenance should be coordinated between the two terminal
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stations to minimize down time. Planned maintenance on the transmission lines which
requires line outages should be carried out at the same time as converter terminal outages.

Scheduled maintenance should not be necessary more than once per year. Considering
bipolar operation, the converter station should be designed to permit maintenance on one
pole with the other pole in service so that shutdown of the entire bipole is not required for pole
maintenance.

Scheduled outages for preventative maintenance and repairs by the owner should be included
in the evaluation of availability and will be based upon the followings:

a) Maintenance will be performed with the interval between scheduled maintenance outages
as ptipulated by the OEM and accepted by the owner.

b) Majlntenance will be performed in accordance with the OEM maintenance_(nstryctions.
The¢ OEM should be advised when the work will be carried out and may -ifhe chooses
withess all scheduled maintenance work during the availability and reliability monitoring
period if specified in tender document.

c) Majntenance and repair will be performed with a qualified working, créew of adequdte size
forthe work and trained according to the OEM maintenance training program.

The objective in corrective maintenance policy or practices of thesHVDC system is to gchieve
high Igvels of availability and reliability with minimum schedale outage. The owner or
operat;E should give careful attention to related factors® affecting the HVDC pystem

performance including, but not limited to, sub-system and system testing, spare pafts and
redundancy of design.

The HYDC system should be operated and maintained to continue in operation and to prevent
undesifed power outage or reduce power capacity due to equipment failure, malfuncfion, or
operator error.

For bigolar operation special attention-should be given in the maintenance procedureg of the
converfer station to avoid bipole outages due to repair work on any equipment failure|or any
HVDC rontrol system.

The dg¢sign basis required.for the converter station should be such that under |normal
balanced bipolar operating‘cohditions, no single failure of equipment furnished should dause a
forced |outage resultingcinta DC power transfer capacity reduction greater than the rgting of
one pole. Where this_is not practical it should be demonstrated that the expected number of
incidents in which power transfer capacity reductions greater than one pole when occyrred is
acceptpble and €oemparable to other recent bipolar systems. For a bipolar operatipn, the
converger station)should be designed to permit maintenance on one pole with the other|pole in
servicd. TheConverter station should be designed so that shutdown of the entire stajion for
any cofrective maintenance is not required.

The design of the converter auxiliary system and associated controls and protection should
provide corrective maintenance feature whereby a single equipment failure should not cause
any reduction in DC power transfer capacity. For example, in the event of failure of a portion
of the cooling system for a piece of power equipment, the increased temperature rise should
not be injurious to the power equipment. All cooling systems should have sufficient reserve
capacity built into cooling pumps, cooling fans and heat exchangers to allow for the loss of
any single piece of equipment in the cooling system without reduction of the HVDC system
power transfer capacity. If necessary, cooling pumps, cooling fans, and heat exchangers
should be duplicated to meet this requirement.

In general, wherever possible, the following design principles should be followed in
implementing corrective maintenance policy of the HVDC system:

d) Provision of alarm, fault indication, monitoring and test facilities. Where applicable the
components are with fail-safe and self-checking designs.
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e)

f)

g)

h)

Redundant components, with equipment and control circuits of board by means of either
duplication or ftriplication with automatic transfer facilities. Where feasible, provide
physical separation of redundant control board and circuits for control and protection
system.

Designs which, in the event of component failures, may provide for transfer to a less
complex operating mode.

Provision of a clear maintenance or repair procedure and check list, easily-read drawings
and manuals with sufficient details and cross-references to facilitate repair, servicing, and
maintenance.

Use of equipment, designed to be maintained, repaired, and operated at the converter
station without the need for special operating and maintenance environment, test
eqyipment, special tools, or complex operating sequences.

Prdvision of modular construction to permit rapid replacement of modules~witH failed
components or sub-assemblies.

Owner|or operator of HVDC system should provide a record and statistical maintgnance

report which can be used by site maintenance personnel to track systemqeliability.

This dgcument mainly covers recommended practices for maintaining.HVDC installations after
defect warranty period, in particular during the usable lifespan,&f the asset. Maintengnce of
new installations during the warranty period should depend.on the stipulated confractual
terms and conditions agreed upon for the project. During such warranty period, all |critical
routine| or preventive maintenance activities should be implemented together with the OEM
and in pssociation with their recommendations as part of the practical training program|for the

asset maintenance personnel.

9.2

In

Common policy and practices

order to ensure prolonged equipment reliability and availability, maintgnance

methodologies such as Reliability Centred/Maintenance (RCM), Condition Based Maintgnance
(CBM)/| Predictive Maintenance (PM), 'spares management strategy, etc., are deployed by
utilitied. It includes such practices asllife extension strategy by replacing critical parts ¢f main
equipmrent in accordance with defined intervals, set criteria prior to equipment failure, qr other

criteria

Typical HVDC maintenance activities, execution intervals and chosen methodplogies

employed are summarised in Table 4.

Table 4~ Typical HVDC maintenance activities, intervals and methods

No Activity Interval Type of maintenarjce
" | [ <Giner than thyristor vane o Cemer Weekly TBM
2 Routine inspection of ancillary equipment at Weekly TBM
valve hall
3 Maintenance of convertor transformer Yearly
4 Maintenance of thyristor valve Yearly
5 Maintenance of AC/DC switchgear equipment Yearly CBM, RCM
6 Maintenance of cooling system Yearly
7 Control and Protection Yearly

NOTE 1 TBM: Time based maintenance, is also referred to as Scheduled Maintenance.

NOTE 2 HVDC ancillary equipment refers to general equipment for the valve hall such as local auxiliary power
supply, environmental control system, etc.
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From OEM perspective, the following maintenance activities should be implemented and to
the extent shown in Table 5.

Table 5 — Time frame and scale of maintenance activities

No

Activity Scale Time frame

Maintenance of convertor transformer 4 years

Maintenance of thyristor valve 4 years

Maintenance of AC/DC switchgear equipment 4 years

NIN|W|w

Maintenance of cooling system 2 years

albh|lw|N

Routine inspection of HVDC equipment 1 weekly

Scale:

1: Minimal (e.g. visual inspection)
2: Standard

3: Full compliance

A sum

mary of the common maintenance methods employed for HVDC asset maint

activiti¢s is shown in Table 6.

Table 6 — Summary of maintenance methodologies

enance

No

Activity TBM OBM CBM

RCM

Routine inspection of main HVDC equipment other N
than thyristor valve

Routine inspection of ancillary equipment at valve;hall

<

Routine inspection of electrode station S v

Maintenance of convertor transformer

Maintenance of thyristor valve

N
Maintenance of AC/DC switchgear equipment S S
N

Maintenance of cooling system \

(N[O~ |OIN

Control and protection S

< | 2| 2| < | <=

NOTE
of cont

NOTE
AC loc

NOTE

All OEMs may providé maintenance activities for main component of HVDC to their customers
actual requirement:

P HVDC ancillary equipment refers to general equipment in the valve hall such as firefighting equ
I auxiliary supply, air-conditioning and dehumidifier system, etc.

B TBM:. Time based maintenance, is also referred to as Scheduled Maintenance.

as part

pment,

9.3

'Specia-l-todmd—ma-iﬂtenauuc equipment

Special tools and maintenance equipment include all tools and maintenance equipment which
are specifically used for installed equipment at the converter station and cable terminal

station

, hormally available only from the plant OEM.

A summary of special tools and maintenance equipment commonly used in HVDC asset

mainte

nance activities are as shown in Table 7.
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Table 7 — Special tools and maintenance equipment

No Description

1 Thyristor valve test equipment capable of testing thyristor level components

2 Valve hall servicing equipment including lifting tool

3 Equipment, tools and instruments needed for valve component replacement

4 Equipment for aligning shafts of pumps and motors on the valve cooling systems

Special lifting devices (special ladder), including valve module handling equipment (if necessary for

5 -
maintenance)

6 Special lifting devices for changing capacitor units in filter and shunt banks

7 Special lifting devices for tap-changer units

8 Capacitance measuring equipment with sufficient sensitivity to identify failed internal fuses within
capacitor units

9 Computer software development systems for each type of computer subsystem used

9.4 Impact of major spares

The unavailability of major spares can have a severe negative impact on the availability of the
HVDC [system. Although major spares are a relatively large.;\component of the copverter
station| costs, it is worth purchasing them as the delivery times of specially designed items
such als converter transformers can be up to a year orfdonger. Most users considef major
spares|mean the following equipment:

a) Ong converter transformer of each type.
b) Ong smoothing reactor coil of each type.

D

c) Sufficient thyristors and other valve components to rebuild at least one valve modul

NOTE 1| Valve module comprises a mechanical @ssembly of thyristors with their immediate auxiliaries buf without
valve redctors.

NOTE 2| Some users choose to purchase‘enough thyristors to replace an entire valve.

These [major spares would be_in addition to spares for other equipment such as elgctronic
parts, measuring transducers, insulators and instrument transformers. The provisign of a
building for storage of spares on site and an indoor work area for overhaul of equipment such
as circtiit breakers on(site is recommended.

9.5 Btrategic spares

9.5.1 Philosophy and common practices

HVDC ronvertor stations, as with any other plant, need a stock of spare parts for maintgnance
and repair. The determination of how many spare parts are required is based on a calculation
of the required total system availability and the expected statistical failure rates. It is not
necessarily a question of “as reliable as possible”, but with a measured consideration on the
objective of the HVDC link, its reliability with reference to other elements in the power system
and its likely performance.

Spare parts philosophy directly affects the cost of an HVDC system. The most important and
costly single spare components are the convertor transformer and the smoothing reactor. In
smaller HVDC links, if the transport weight of the convertor transformer does not exceed the
imposed limit by the authority, a three-phase three-winding transformer is the most favourable
solution. However, if a reserve transformer has to be ordered, e.g. where availability analysis
indicates the requirement of a spare, a single-phase configuration may be more economical
since the spare is provided as a fourth transformer of single-phase rating, instead of a
complete three-phase spare transformer.
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As HVDC transmission systems are seldom repeated (where there are other convertor
stations within a reasonable distance of each other, their ratings are not necessarily
identical), the spare parts philosophy for HYDC components is unique for each HVDC link.
The distance between the stations and transport limitations will determine whether or not
spare parts are separate or common to both stations.

The following major items, which are either of long delivery or specialized items, are usually
specified as mandatory spares as they impact on availability of the converter station:

a)
b)

c)

d)

Converter transformers — one complete spare transformer of each type plus component
spares as for any standard large AC substation transformer with tap changer.

Smoothing reactors — one complete smoothing reactor coil so that any smoothing reactor
COi o oan bha ranlan~d

oot T PO Tt TTT

Thyristors and valve components — spare thyristors and components:

— [Sufficient thyristors should be provided to completely replace all thyristors |in one
valve. When each valve requires thyristors having specific characteristics anq some
spare thyristors do not match to some valves as spares, all the valves should have
spare thyristors applicable to them at least three times of redundant thyristors| If this
requirement cannot be achieved by the number of thyristorsn one valve, additional
spare thyristors should be provided.

— [Thyristor and reactor modules or equivalent — for valyes of modular design, two
modules of each type used in the valves are required,"complete with all comgonents
necessary to make a functional unit including heat sinks, thyristor clamped asgembly,
cooling water piping, grading and damping components, thyristor level elec{ronics,
reactors, connectors and other hardware. The thyristors assembled in thg valve
modules are counted as part of the spare thyristors required.

NOTE Where the valve design is not based on the modular concept, sufficient spare componenfs should
be provided to completely replace the components associated with at least six times the nymber of
redundant thyristor levels in one valve includirigrheat sinks, compression hardware, cooling watgr piping,
grading and damping components, thyristor\level electronics, reactors and other hardware ng¢eded to
complete the thyristor levels.

— |Discrete components — at least.10 % of the total number in a single valve of eat¢h type
of discrete components used-in the valve construction should be provided.| Such
discrete items may include,insulators, structural components, hardware, connectors,
reactors, as well as any other component included in the valve.

— [Thyristor level electronics — in addition to the spares stated above, the OEM |should
provide two complete thyristor control circuit boards/ thyristor control units for ¢ach of
the 12 valves at the station (24 in total).

— [Light guides->*4 per valve layer of each type.

AClfilter, shunt capacitors and DC filter capacitors — in practice at least 2 % of the pumber
of {otal ecapacitor units of each type installed at each station but not less than 1|unit of
eagh ,type. The spare capacitors should have the same distribution of capagitance
varjations as the capacitor bank.

AC / DC filter reactors — one of each type including AC and DC filter reactor coils and one
of each support insulator.

AC / DC filter resistors — one of each insulator and one complete bank of resistor
elements (also called resistor module) or as much of a resistor as can be speedily
replaced on site by site personnel.

DC measuring devices — one of each type.

Wall bushings and converter transformer bushings- one of each type bushings (only for
those which are not covered in a) above).

Surge arresters — one complete arrester of each type or typically 5 % of
installed/energized spare columns.

Control and protection equipment — the number of spares provided should be related to
the total number of units installed. The typical spare parts include printed circuit boards,


https://iecnorm.com/api/?name=5f9371310a3f8d61b84918fe44ee7e9a

IEC TR 62978:2017 © IEC 2017 - 37 -

relays, switches and other electronics parts. Table 8 shows the minimum required number
of spares related to the number of units installed.

Table 8 — Control and protection spares

Units installed Required spares
1-9 2
10-20 3
>20 22 +n/10
NOTE n is the number of units installed and the fraction is rounded up to the
nearest higher integer.

k) Communication, control and protection miscellaneous equipment spares as in,Tablg 9.

Table 9 — Communication, control and
protection miscellaneous spares

Units installed Required spares
1-9 2
10-20 3
>20 22+ n/10
NOTE n is the number of units installed and thefraction is rounded up to the
nearest higher integer.

[) Valve cooling equipment fans, pumps, motors—"one of each type.

m) Mogt of the other equipment in the converter station such as circuit breakers, disdqonnect
switches and earth switches — one complete (phase) switch of each type including motor
opgrating mechanisms. An additionalset of contact parts should also be provided.

n) Current transformers, voltage transformers, auxiliaries, etc. — similar number of sppres to
that in AC substations.

o) Insplators, clamps and connectors — two units of each type for 50 or more units. For
spgcial clamps/connectors — one complete sets of parts to make one number of each type

p) COJnmunications equipment spares.

q) With regard to ‘each type’ in the above items, it is important to ensure that spares f¢r each
typg/rating of specified equipment are made available at the station. When a common
spgdres can_be-used for two types, it may be enough to have only one with the|higher
rating.

9.5.2 Sharing of strategic spares between users/utilities

Strategic spares may also be sourced out based on sharing methodology between users or
utilities for the following reasons.

a) To reduce or minimize rectification work or outage time during contingency by sharing the
HVDC spare parts to rectify or replace defective equipment.

b) To reduce or minimize cost in keeping HVDC spare parts by reducing logistic requirement
(storage) and maintenance up keep.

c) Toincrease HVDC spare parts utilization and optimization.
The concept of sharing spare parts is governed in the following manner:

— Databases for all the HVDC spare parts are to be shared by all involved stations and the
parts are agreed by both parties as eligible for exchanged purposes.
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All parties involved identify and agree on the identical/similar and critical HVDC spare
parts to be shared. This is applicable only for DC equipment where all involved stations
have almost identical components.

The method of sharing should be agreed and complied with by all involved parties
whereby the sharing procedure is adhered to.

All parties involved agree with the optimum number to be kept. Should the optimum
number recommended by OEM be different for each party, the higher number should be
adopted as the optimum number. Should the optimum number be an odd number, the
optimum number may be next even number.

All parties involved agree that the minimum number is half of the optimum number and to
be equally shared.

All [parties involved maintain and ensure that the agreed minimum number of spgres be
kept at all times in order to achieve the shared optimum number.

Spare putdoor equipment is provided assembled, partially assembled or.crated, such that it is
suitable for permanent outdoor storage. It may be noted that some outdoor spares equipment
need fo be powered up to run heaters to avoid condensation{if boxes. Oil insulated
equipment is provided filled with processed oil, containing no~ Poly-Chlorinated B|phenyl
(PCB) | compounds, with suitable breathers if required fof/ long term storage.| Small
compohents are to be packed in such a manner to allow identification and inspection|and to
provide protection in a normal warehouse environment, V\apour Corrosion Inhibiting (VCI)

technidques are to be employed where practicable.

Genergal recommended practices for storing HVDC spare equipment is given in Table 10. The
strategly to be deployed should include specific\technical, operational and organigational

constrgints of the installation.

Table 10 — Storage,of HVDC spare equipment

4
o

Equipment Normal storage Controlled envirgnment

Converter transformer v

=N

Thyristorvalve \

AC filter

DC Filter

Control and protection card

Valve cooling system

DC measuring

AC switchgear \/

Ol N[ojo| | W|DN

9.6

Work safety

Electrical substations contain sources of high voltage and high current which can cause
serious injury or death. Some of the safety rules to be followed during maintenance work
include:

a)
b)
c)
d)
e)

Read and understand OEM’s maintenance and safety manuals.

Only qualified personnel should work on equipment.

Follow utility standard safety methods for working with high voltage equipment.
Ground all un-energized high voltage circuits.

Maintain proper minimum approach distances to live circuits.
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f) Keep all equipment in safe and proper working condition.
g) Keep doors to electrical rooms and passageways clear from obstructions.

The valve hall doors are provided with locks whose keys are interlocked so that access into
the valve hall is permitted only when the thyristor valve group is isolated and grounded on
both the AC and DC sides. The active part of the DC filter is provided with isolating and
grounding switches so that it can be serviced even with the passive part of the DC filter is
connected and in operation.

9.7 HVDC thyristor valve maintenance — Periodic maintenance

The thyristor valves are designed for periodic maintenance at 12-month intervals. A mobile
maintepance lifting platform for accessing thyristors and thyristor level test equipmlent for
testing|thyristors and associated components is provided for use during maintenance.

The thyristor monitoring alarm log is used to define in advance the location oftthyristof levels
with falled components to be replaced by spares. Routine checks on the valves to be carried
out annually include:

a) Vispal inspection for leaking water of all water pipe joints.

b) Replacing defective components.

c) Check of torque of bus-bar connection bolts (1 % to 2 % of all connections, statistically
disfributed within each valve tower, should be checked).

d) Vispal check of surface contamination.

e) At Jarger intervals than 12-months, recommend. checking the condition of the po¢tential
elegtrodes in the cooling circuit and for the firstrtime, after five years of operation at the
earliest. One to two percent of all electrodes, statistically distributed within each valve
tower, should be checked.

f) In addition, a thorough visual inspectigh; cleaning and electrical testing using the thyristor
level test equipment should preferably be carried out on two valves out of twelve pgr year,
that is, a six-year cycle time.

The maintenance effort required.for the annual maintenance would be approximately 50 man-
hours for one 12-pulse group{ with personnel having the necessary qualification. Dueg| to the
necesslity of working with the lifting platform, it is possible to work with 2 to 3 persons.|One of
them should be a trainedengineer.

In somg valve desjgns, the thyristor modules are not designed as exchangeable units.|In this
case, [faulty components can still be easily replaced. @ When thyristor modulg¢s are
excharngeable,(they can be replaced within a shorter time using mobile lifting platform|and/or
other gquipment.

It should~be passible for faulty components to be easily replaced within a short timle. The
replacement of a thyristor typically takes about 10 min to 15 min (where no water connections
have to be opened). The replacement of a capacitor or a resistor typically takes up to a
maximum of 20 mins depending on its location. The replacement of a reactor requires less
than one hour. A failed thyristor electronic card can be withdrawn from its frame and replaced
by a new one.

Components are replaced using the mobile lifting platform. The thyristor level test equipment
is used to verify proper functioning after replacement. After re-energization of the valve group
while in blocked condition, the thyristor monitoring system is used to monitor the status of the
valves.

9.8 Converter transformer maintenance

In maintenance terms, converter transformers are quite similar to large high voltage power
transformers with on-load tap-changers. The maintenance schedule to be followed should be
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based on the detailed OEM’s schedule suitably amended to take into consideration the power
utility’s normal maintenance practice for large ac power transformers.

A typical maintenance schedule applicable to converter transformers should be as follows:

a) Visual inspection — monthly.
b) Infrared scan — every 2 to 4 months.
c) Check control cabinet heater — yearly

d) Oil samples and dissolved gas analysis — initially before energization, after 6 months and
thereafter every 12 months (additional samples may be required in the first year of
operation _and the 12 months interval could be reduced in _warm climate or where
trapsformer is being regularly overloaded).

e) Core ground measurement — every 24 months.

f) Cheéck bushings for leaks and oil levels — every 24 months.

g) Operate transformer protection — every 24 months.

h) Operational status checks — every 24 months.

i) Tap changer operational checks — every 24 months or use of opération counter.

j) Clean transformer bushings — every 24 months (smaller interval required in case p¢llution
level is high).

k) Diveerter inspection and oil change-out — every 36 months.
I) Intgrnal inspection, winding resistance, ratio — every.5to 6 years or earlier, if requirpd.
m) Brigige test bushings — every 5 to 6 years.

n) Capacitance bridge bushings, windings and core — every 5 to 6 years.

9.9 Converter transformer replacement

Convetter transformer failures are very infrequent; however, replacement of a| failed
transfoymer with the spare transformer,can take several days unless facilities are provjded to
speed the operation. The time required for transformer replacement can significantly affect
the converter station availability:

Facilities that aid in speedy.transformer replacement are as follows:

— Arrg

— Arrangement of ttansformer coolers so as not to impede transformer removal.

ngement of bus-work so as not to impede transformer removal.

— Provision of-plugs on control cables.

quick-method of removing the seal between transformer bushings and valve hall wall
where’the transformer bushings protrude into the valve hall.

— Chanrels Hs-embeddee t i ansformer—autand-atright-angtes' along-
side of the converter building to facilitate removal and replacement of the transformer
using caged multi-ton rollers.

— Provision of pulling eyes for rigging of winch cables.

9.10 Reactor maintenance

Air cored dry type reactors are provided for the smoothing reactor and AC and DC filter
reactors and are considered to be maintenance free. During the course of normal operation,

the reactor would experience minute levels of expansion and contraction due to fluctuations in
operating and ambient temperature.

The following items should be checked during regular maintenance intervals:

a) Check the torque of all hardware connections.
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b) Check the surface finish of the reactor for deterioration due to prolonged exposure to
severe environmental conditions, touch up or repaint as necessary.

c) Ensure that the reactor insulators are clean.

d) Check the reactor for any broken or damaged wire connection.

10 Asset management of co-owned HVDC project

10.1

General

Asset management of co-owned HVDC project should be managed by the associated
organizations consisting of owners, power companies, technical advisory party and other
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10.5 HVDC system operation management

As mentioned above for the maintenance management, similar procedure is required to
manage HVDC system operation. Compared to a power station, HVYDC system should be
operated as much as possible to obtain higher availability. Therefore, basically HVYDC system
should be put into operation at all time except during scheduled outage and forced outage.

Figure

4 is an example of a flow-diagram showing the operation and maintenance
management for power network involving co-owned HVDC system.
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Figure 4 — Operation and maintenance coordination of co-owned HVDC system

11 HVYDC reliability and availability

11.1 General

The objective in monitoring the performance is to ensure that the HVDC system$ have
achieved high levels of availability and reliability as per design. The supplier should give
carefulf attention to related factors affecting the HVDC system performance including, put not
limited| to, sub-system and system testing, protective relay coordination, proper sefting of
relays,|spare pafts; and redundancy of design.

The HVDC_ssystem should be designed to prevent undesired power reversals fue to
equipmrent failure, malfunction, or operator error.

For bipolar operation special attention should be given in the operation and maintenance of
the converter station to avoid bipole forced outages due to equipment failure, malfunction or
operator error. The supplier should submit a report explaining the measures taken to
minimize the risk of bipole forced outages.

The operation and maintenance of the converter station should be such that under normal
bipolar operating conditions, no single failure of equipment furnished by the OEM should
cause a forced outage resulting in a DC power transfer capacity reduction greater than the
rating of one pole. Where this is not practical it should be demonstrated that the expected
number of incidents in which power transfer capacity reductions greater than one pole will
occur is acceptable and comparable to other recent bipolar systems. Further, under future
bipolar operation, the converter station should be designed to permit maintenance on one
pole with the other pole in service. The converter station should be designed so that
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shutdown of the entire station for maintenance is not required. Scheduled maintenance
should not be necessary more than once per year.

The performance of the converter auxiliary system and associated controls and protection
should be such that a single equipment failure should not cause a reduction in DC power
transfer capacity of more than one pole. For example, in the event of failure of a portion of the
cooling system for a piece of power equipment, the increased temperature rise should not be
injurious to the power equipment. All cooling systems should have sufficient reserve capacity
built into cooling pumps, cooling fans and heat exchangers to allow for the loss of any single
piece of equipment in the cooling system without reduction of the HVDC system power
transfer capacity. Where necessary, cooling pumps, cooling fans, and heat exchangers should
be duplicated to meet this requirement.

11.2 Performance monitoring policy and practices

The pdrformance monitoring is to gauge whether the HVDC system achievés, the dgsigned
level of availability and reliability and measure its performance through benghmarking ggainst
the rest of the utilities.

For key reliability aspects, IEC TS 62672-1 is widely used as a refefence document forf HYDC
systemis monitoring. As for benchmarking purposes, the biefnjal reliability perfofmance
reports of worldwide HVDC systems as published by the CIGRE Advisory Group B4[04 are
utilised.

CIGRE| Advisory Group B4.04 collects data annually ,on_the reliability performance off HYDC
systemls in operation throughout the world. The report is in the form of a summary| of the
reliabilfty performance of HVDC systems in operation worldwide for every two yeals. The
report contains data on energy availability, energy utilization, forced and schedule dutages
and other related data, including statistics on.the frequency and duration of forced outages for
every falendar year. The categories for.\the cumulative averages are for back-{o-back
stationg, two-terminal and multi-terminal-stations with one or two or more converters pef pole.

The ddta collected, together with published data, provide a continuous record of re]iability
performance for the majority of HVDC systems in the world from the time they first w¢nt into
operatipn. This constitutes over 50 system-years of data on thyristor-valve systems.

In terms of the common-failures that caused unplanned outage for HVDC systems, cohverter
transformer, thyristor xalve and valve cooling systems are ranked as the main contrifutor to
HVDC |unplanned outage statistics. A summary of typical equipment failures on unplanned
outagel|is summarized in Table 11, ranked according to outage duration involved.

Table 11 — Equipment failures that caused unplanned outage time

No Equipment/Process Ranking

1 Converter transformer 1

2 Thyristor valve 2

3 Valve cooling system 2

4 Control and protection 3

5 Unrecoverable commutation failure 5

6 AC filter 5

7 AC/DC switchyard equipment 3

8 DC filter 5
NOTE 1 Ranking 1 being failures that caused longest outage; ranking 5 being the least.
NOTE 2 Unrecoverable commutation failure is included even though it is not directly related to equipment
failure because it contributes to unplanned outage.
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11.3 General requirements on performance monitoring of HVDC system

The owner and OEM should define the following requirements for availability and reliability:

a)

b)

The OEM should design and furnish converter station equipment with the design objective
that Force Energy Unavailability (FEU), Schedule Energy Unavailability (SEU), FOR and
general failures based on the failure of equipment within the OEM's scope of supply, do
not exceed the specified design target values.

For forced outage rate and unavailability calculations, the effect of certain outage and
curtailment events which are beyond the OEM's control will be excluded. Possible
examples of such events are as follows:

— misuse, operator error, or other human cause which contravenes with the OEM's
operating and maintenance instructions,

— lenvironmental conditions, or AC system conditions outside the design criteria given in
the owner’s requirements, and

— lexternal causes beyond the control of the OEM.

Any failure or incorrect operation of equipment within the OEM's respansibilities unfer the
project contract causing a reduction in the HVDC system power{ransfer capacity [should
be ronsidered in the evaluation of the reliability and availability of.the design of thefHVDC
system and the actual HVDC system performance. Such outages should include, put not
be |imited to, those resulting from the following failures:

— lincorrect operation of control and protection systems)due to electrical interfergnce or
incorrect settings,

— [failure to start the HVDC system,
— [failure to complete automatic switching sequénces,and
— [any reduction of DC power transfer capagity to a level below its rated capacity.

Although outages and curtailment of HVDC.system power transfer capacity caused by failures
in equ|lpment should be included in the~availability and reliability assessment, the| HVDC
system| should be designed with the converter station to function as set forth |in the
specifi¢ations during and following“credible faults and failures in the AC system and

equipment which interfaces with-the equipment within the OEM's responsibility.

The dgsign target values for-the forced and scheduled energy unavailability and the|forced
outage|rate attributabletosthe converter station and cable terminal station equipment|should
be considered on an annual basis and should be based on the recommendations as sef out by

the OEM’s mandatory list of spare components.

11.4 Availahility and reliability measurement

11.4.1| General

The reliability and availability of an HVDC system are characterised by two major indices:

a)
b)

Forced Outage Rate (FOR) — the number of outages in a year.

Unavailability — this is a measure of the amount of energy that could not be transmitted
because the transfer capability of the system has been reduced (or it has been tripped
due to forced outage).

The unavailability performance of the HVDC system will be dependent on a number of
significant factors as follows:

the quality and features of the HVDC system equipment; good conservative design with
adequate redundancy can reduce the number of forced outages,

having skilled personnel available to quickly perform maintenance to restore power
transfer as quickly as possible after a forced outage event,
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having the right spares and right numbers of spares to facilitate rapid maintenance after a
forced outage, which also depends on recouping the store immediately after spare is used,

and

— performing preventative maintenance during operation or during annual sch
outages that will avoid or reduce forced outages in the coming year.

eduled

With high reliability design incorporating redundancy in controls and protection, cooling plant,
thyristor valves, filters, communications systems and station service power, the number of
forced outages can be reduced to about 4 per station pole per year or 6 per pole per year on

average based on CIGRE statistics. Most recent facilities would meet these forced
figures.

outage

Unavailability performance will depend on the response time and skill of maift
personpel to restore power after a forced outage. Typical outages not requiring
equipnient replacement can be restored in 2 h to 3 h plus personnel responsg -time
required spare parts are available at the site. The HVDC supplier will be required to pr
recomrpendation for reliability spare parts to meet the unavailability targets in the d
technidal specification. It will be up to the owners’ maintenance teams to moni
consumption of spare parts and re-order or supplement the spares-provided by the
suppligr as needed based on observed failure patterns.

Thus, ynavailability performance is determined both by equipment features and quality
sustained effort of the owners’ maintenance teams and\\strategy. In most of |
experignce, and as evidenced by CIGRE statistics, high/reliability and unavailability
can be| achieved in practice, with proper attention to_both design aspects and maint
regime

11.4.2| Scheduled maintenance outages

Schedyled outages for preventative maintenance and repairs by the owner should be in

bnance
major
if the
bvide a
etailed
or the
HVDC

and by
tilities’
figures
bnance

cluded

in the gvaluation of availability and will bethased upon the following:

a)

b)

c)

11.4.3 —Outage and curtatiment times

Ma|ntenance will be performed with the interval between scheduled maintenance gqutages
as ptipulated by the OEM and accepted by the owner.

Ma|ntenance will be performed in accordance with the OEM's maintenance instryctions.
The OEM should be advised the interval when the maintenance will be carried qut and
maly, if he chooses to;. Witness all scheduled maintenance work during the availability and
relipbility monitoring_period. The OEM should provide technical advice to the qwner’s
majntenance representatives during such scheduled maintenance outages that fall§ within
the|contractuakwarranty or maintenance contract period.

Ma|ntenanceyand repair will be performed with a qualified working crew of adequate size
for [the werk and trained according to the OEM's maintenance training program. For many
act|vities) time deployed can be reduced by employing larger maintenance team.

The duration of any outages for the purpose of both evaluation of the design and evaluation of
actual HVDC system performance can be based upon the following:

a)

The outage will start at the time that a reduction in DC power transfer capacity to below its
rated value occurs for any reason. Waiting time, when repair is delayed due to network or
other conditions, is excluded from outage duration.

The outage will end when the DC power transfer capacity returns to the rated value.

The actual time taken on maintenance or repair of the equipment will be included in the
outage duration including time required to determine the cause of the outage and
switching and clearance time.

The outage time for the failure of a converter transformer or oil filed smoothing reactor
that needs to be exchanged with a spare unit will be excluded.
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11.5 Verification of availability and reliability performance

The owner for HVDC system should evaluate the performance of the DC station to verify that
the requirements for forced energy unavailability, scheduled energy unavailability and forced
outage rates have been achieved. The availability and reliability evaluation period will
commence when the acceptance tests have been completed and the project has been taken
over for commercial operation. The evaluation will be for a duration of 1 year of commercial
operation and in accordance with the following:

a)

b)

11.6 Availability and reliability calculations

The availability and reliability of the DC station will be observed for the full availability and
reliability monitoring period to determine fulfiiment of the availability and reliability
requirements.

make available for the operation records of the number and duration of ferced and
scHeduled outages attributable to the failure of HVDC system or equipment and the
ampunt of outage capacity reduction resulting from each outage. Classification of qutages
intg forced and scheduled outages and calculations of forced energy~unavailability,
scheduled energy unavailability and the forced outage rate for each’ year during the
avdilability and reliability monitoring period will be performed by the©wner in accordance
with the definitions and formulae in IEC TS 62672-1.

Dufing the availability and reliability monitoring period, the owner should mamt}in and

All calgulations prepared by the owner concerning unavailability and forced outage rptes of
the DQ system and all of the sub-systems therein should, utilize definitions of unavailability,
forced putage rates and outage state conditions as giveh in IEC TS 62672-1. Outages time for
repair, |Imaintenance, and replacement of components'should be based on the premise [that all
spare parts are on hand and that all of the OEM's\schedules of recommended maintgnance
are adhered to, and that maintenance personnel will be on hand to make repairs immgdiately
on a 2#/7 basis and that there is no limitation~{o perform maintenance due to network / grid

side.

The fagilities should be assumed to bé-utilized 100 % of the time for a 12 month exposure

period pt 100 % rated load.

11.7 Reliability criteria of HVDC control and protection system

One of the major concens on the HVDC performance is the availability and reliahility of

controlland protection system.

In gengral, wherever possible, the following principles should be followed in the desigr| of the

controlland protegction system:

a)
b)

f)

USI of the'least complex design capable of performing a required function.

Us¢ of“'components of proven reliability and maximum use of circuit boards of preyviously
used design. The OEM should provide to the owner material specifications and evidence
of component reliability and suitability. All components should be time-proven or have
undergone applicable accelerated life stress tests.

Use of pre-aged components. A burn-in period, or other equivalent means of assuring
reliability, should be applied to all electronic components within the control and protection
equipment.

Use of circuits capable of operating with a wide range of component tolerances so as to
reduce the necessity for matching replacement items to a specific application.

Use of design practices, surge protection, filtering, and interface buffers to assure
immunity of sensitive components and circuits against damage and interference by
induced voltages and currents in external cabling and cubicle wiring.

Use of fail-safe and self-checking designs.
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g)

h)

n)
0)

Use of redundant components, equipment, control cables and circuits by means of either
duplication or triplication with automatic transfer facilities wherever necessary to meet the
requirements as stated by the owner, but only in addition to the above principles a)
through f).

Designs which, in the event of component failures, provide for transfer to a less complex
operating mode.

Use of non-lockout features so that equipment may be re-started remotely if considered
prudent.

Provision for alarm, fault indication, monitoring and test facilities.

Provision of clear, easily-read drawings and manuals with sufficient details and cross-
references pcilitate ) o .

Us¢ of equipment designed to be maintained, repaired, and operated at the.copverter
station without the need for special operating and maintenance environmer]t, test
equipment, special tools, or complex operating sequences wherever possible,

Us¢ of modular construction to permit rapid replacement of modules with| failed
components or sub-assemblies.

Physical separation of redundant control cables and circuits wheré feasible.

Us¢ of common software language in controls to the maximum-extent possible.

Only domponents of high quality and adequate ratings margin should be used [in the
equipment. Electronic components should be operated at voltage, currents and powel levels

consistent with high reliability operation.

11.8 Alternative methods in achieving high performance

A service provider when employed can often_increase the operational efficiency by having a
Performance Based Contract (PBC) where the:HVDC owner and operator agree to moye from
a simple owner / contractor (service provider) relation to a new owner / partner schemg where

both are involved under a performance based contract.

Under this arrangement, service provider main target is to ensure asset operational cgndition
in accgrdance with the asset_manager’s needs. Contract is based on performance |ndices
insteaq of classical operatiopal specifications. Typical performance parameters [to be
considered by the HVDGC, utility asset manager could be tagged to the availability and
reliabillty figures, operational health and safety incidents and budget / revenue fulfiiment
(operafing costs, unitsseld, etc.). This PBC may create improvements not only in ecpnomic
parameters, but alse.in"terms of utility image and overall efficiency in managing the assgt.

A long|term afrangement with OEM for support services is another area often deplqyed to
improve operational efficiency. In the case where utilities’ own experienced staffs are
availablle/ the need for a contract with OEM regarding long term support services nevgr arise

exceptlforvery special cases.

The areas of improvement with respect to support services that utilities would like to consider
are as tabulated below:

contractual terms / issues,
warranty coverage / period,
technical support,
commercial arrangement,
training, and

prolonged period of spares availability.
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12 Documentation and records

12.1 General

Documentation of assets that are within the scope of asset management system which
consists of asset inventory, records, application manuals, operating instructions, as-built
drawings, detailed schematics, document master list and other relevant manuals should be
systematically and securely archived to facilitate easy data access and information retrieval.

In addition to the conventional hardcopy format, it is preferable that the archive includes
digital copies which are stored in common and non-proprietary storage formats. Adequate
provision of regularly updated backup data storage is recommended to ensure that the
archivqg is not lost in the event of storage device failures.

12.2 Common policy and practices

The documentations to be included in asset management portfolio are governed by respective
utilitieg' policy and practices and should include but not limited to the following:

a) asdet inventory;
b) as
c) detpiled schematics;

built drawings;

d) doqument master list; and

e) detpiled maintenance and operating procedures.
The sulpplier, together with the OEM, should supply-'the drawings, installation, operatipn and
maintepance manuals for all equipment, plant and systems as specified herein. The manuals
should|cover all aspects of applicable part the, HVDC system including but not limited to the
following:

— HVDC converter stations,

— cable terminal stations,

— ele¢trode stations,

— DCjtransmission lines,

— ele¢trode lines,

— AC|transmission lines,

— AC|switchyardstand equipment,
— submarine power cables, and

— submarine*telecommunication cables.
12.3 Infermation-management

For successful asset management decision process to be realized, it is essential that the
organization identifies specific asset information it requires during all phases of the HVDC
asset life cycle. Good asset management practice requires meaningful, quality, timely and
systematic management of critical asset information where controlled access to such
information should be made available to employees, stakeholders, service providers and other
relevant parties depending on their scope of responsibilities and activities.

Asset information management includes all materials deemed necessary for decision making
and analysis, which includes asset register, engineering drawings, tendering document,
specifications, contract document, licenses, legal, regulatory and statutory documents,
policies, standards, guidance notes, technical instructions, user/operating manuals,
procedures, operating criteria, asset performance parameters, maintenance records, etc.
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The organization should develop, implement and maintain procedures for controlling all
information related to HVYDC assets to ensure the following:

the integrity of received information through data checking;
availability of necessary asset information as and when required;
the adequacy of information through periodic review and revision control, if necessary;

the sufficiency of information for particular use, validated and approved by authorized
personnel;

access to information, controlled and appropriately secured including provision of suitable
back-up copies;

obgofete—orerroneous mformation promptty Temoved fTonT beinmg accessed,; or otherwise
mafked accordingly; and

alldcation of appropriate roles, responsibilities and authorities regarding the origtlgation,
gerleration, capture, maintenance, assurance, transmission, rights of access, refention,
archiving and disposal of items of information.

Organigations should consider implementing the following recommendations for mgnaging

asset-related information:

identification and definition of essential information for specific HVYDC equipment|during
the|asset life cycle and for a pre-defined period after the disposal of the assets, ingluding
deflning the acceptable level of accuracy and completeness according o the
orgpnization’s requirements including legal, regulatory, statutory and other| asset
manpagement requirements that are applicable to it;

infgrmation assigned at the lowest componentilevel of equipment that requires cjiscrete
replacement or maintenance actions, to prévent redundant population of infomation
systems; and

sysiems employed make use of a range and combination of media, formals and
technologies.

The sygtems should enable an organization to identify, collect, retain, transform, updgte and

dissemlinate its asset information sécurely.

It

is not necessary for an “organization to establish and maintain a complete| asset

managgment information.system in-house. Parts of the system may be supplied or ogerated
by othgrs but it is essential that all system components, irrespective of source, are suffjciently
compatible with the whole system. The information provided by these component slystems
shall b¢ consistent.and contains suitable cross references to allow cross system analysjs.

The syjstems_for’ managing asset management information should be designed so that data
and information is readily accessible using indexed searching method and is made a\ailable
to all delevant personnel under routine and non-routine conditions, including contingencies

and entergencies:

All information required, particularly for the operational activities should be securely controlled
and address the following:

allocation of roles, responsibilities and authorities for the origination, generation, capture,
maintenance, retention, transmission, access to, assurance, archiving and disposal of
items of information;

definition of the content, meaning, formats and medium for the representation, retention,
transmission and retrieval for each information item;

requirements for information maintenance, including version control and assurance
activities;

requirements for the generation, capture or importing of the identified items of information;
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