INTERNATIONAL IEC
STANDARD 62270

First edition
2004-04

Hydroelectric power plant automatian —
Guide for computer-based contrnl

O IEC 2004 O Copyright - all rights reserved

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 the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XB

International Electrotechnical Commission

MexayHapogHas dnektpoTexHuyeckas Komuccus For price, see current catalogue



https://www.stdhive.com/standards/iec-62270-ed-10-en2004-pdf/

-2- 62270 O IEC:2004(E)

CONTENTS
FOREWORD ...ttt et ettt e e et e e et e e e e e et e e e e e e e e et e et e et e et e et e etaeenaaees 4
LN I X 1 1 O I 1 1\ PP 6
I © 1= = PP 7
L S Yo oY o = Y 7
L V15 o T 11 7
NOIMaAtIVE MBI EIENCES ... et 7
Terms and definitioNS. .. ... e s 3]
Functional capabilities. ..o s 13
g I €= o T | IS ....13
4.2  Control capabilities ........oouiiiiiiiie e e 13
4.3 Data acquisition capabilitieS........coooiiiii i 22
4.4 Alarm processing and diagnoStiCS .....vuiiiiiiiiii i 23
4.5 Reportgeneration.......ccooiiiiiiii WD | TR AT 24
4.6 Maintenance management interface..........cccoooiiiiiiiiid 24
4.7 Data archival and retrieval ....... ... 24
4.8 Operation scheduling and forecasting ..........ccoooiiiii i i 24
4.9  Dat@ @CCESS. ...ttt 25
4.10 Operator simulation training...............coooovines S 25
4.11 Typical control parameters .. ... 25
5 System architecture, communications, and daté bases ...........cooiiiiiiiiiii i 26
Dl GBNEIAl et 26
5.2 System classification ....................i ... e 27
5.3 System architecture characteristics s ... 28
5.4  Control data Networks ... 33
5.5 Data bases and software.co. fiouration ... 37
6  User and plant interfaces ...... oo 39
6.1 Userinterfaces...«o.... ST PP PPPTPPPI 39
6.2  Plant INterfaCe . . s 40
7 SYSIEM PEIOIMANCE . it e e 43
T GENEIAl . i 43
7.2 Hardware...... ettt eeeeaeteeteeeeteeeteeeteeaeteeaeteeteeeeteraeteeaetietetieetaeteaaataeas 44
7.3 0 MU CALIONS L. e 45
7.4  MUASLTING PErfOrMAaNCE ...t 46
8 Sys'em backup capabilities ... 47
B 1 GBNEIAl e 47
o T = Y= o | o T o] o [ Uox o] == 48
0.3 BasiC fUNCHIONS ..o 48
8.4 Design of equipment for backup control ... 48
8.5  AlArm NanAliNg. . oo e 49
8.6  Protective TUNCLION . ... e 50
9 Site integration and SUPPOIt SYSTEMS ... 50
9.1 Interface to existing equipment . ... 50
9.2  Environmental conditions ... ..o 50

L I B oYV LY Yo YU o= YO 51


https://www.stdhive.com/standards/iec-62270-ed-10-en2004-pdf/

62270 O IEC:2004(E) -3-

9.4  Supervision of existing contact status points ... 51
9.5 Supervision of existing tranSAUCErS ..o 52
9.6  Supervision of existing control output points...........c.oooi 52
1 I A €1 o 181 s o [ [« TR PSP 52
9.8  StaliC CONIIOl oo e 52
10 Recommended test and acceptance criteria ... 53
10.1 Specific test reqUIrEMENTS........oovii i 53
10.2 QUAIITY @SSUIMANCE ...uiiiii ettt e e eanes 54
O o o7 =Y o -1 o o] = PP 54
11 System ManagemMeENT . ... i 54
111 MaiNtENANCE ... e J4
T2 I = 1 1 T U Rt 54
11.3 Documentation ... e 55
2 O T I =3 8 o |1 U 57
12.1 Automation of the Conowingo Hydroelectric Station..................coooo o, 57
12.2 Computer-based control system at Waddell Pump-Generating Plent...... ... 59
12.3 Retrofit of TrSngslet Hydro Power Station ..., 63
12.4 Computer-based control system at Wynoochee Hydroelec. ic F -oject..................... 68
BibliOgraphy .o e 72
Figure 1 — Relationship of local, centralized, and offs’*te conuCi ..o, 15
Figure 2 — Local control configuration..................... e . 15
Figure 3 — Computer communication network ............. T 28
Figure 4 — Multi-point data link versus LANS < ... e 33
Figure 5 — Star topology .......ccoeeiieiiini i PP PP 35
Figure 6 — RiNG tOPOI0GY ... cu i e et 35
Figure 7 — BUS 0POI0OGY ... e et 36
Figure 8 — Conowingo CoNtrol SYSi M OVEIVIEW ... ...iuiiiiiiiii e e e e e 58
Figure 9 — System CONfigUIalIc N .. e 61
Figure 10 — Control syst=m Comniguration........ccooiiiiiiii e 64
Figure 11 — Station con'roi configuration after upgrading .........ccooiiiiiii i 67
Figure 12 — System Cunliguration ..o e 69
Figure 13 — Lacarand remote interface.... ..o 70
Table 1.— Sun.mary of control hierarchy for hydroelectric power plants......................coe. 14
Tebhle 2 - Typical parameters necessary to implement automated control.........................elL 25
“able 3 — Classifications of hydroelectric power plant computer control systems .................... 27
Tabie 4 — Hydroplant computer control systems data communications attributes .................... 36
Table 5 — Cable media characteristics ..o 37

Table 6 — System PerfOrMaANCE .......oiuii i e 66


https://www.stdhive.com/standards/iec-62270-ed-10-en2004-pdf/

1)

2)

3)

4)

5)

6)
7)

8)

9)

_4_ 62270 O IEC:2004(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDROELECTRIC POWER PLANT AUTOMATION -
GUIDE FOR COMPUTER-BASED CONTROL

FOREWORD

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 fiela.. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatior s,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inw rested
in the subject dealt with may participate in this preparatory work. International, governn.~atai and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collab.rates closely
with the International Organization for Standardization (ISO) in accordance with conditions deiwcrmined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as | ossiu.. . an international
consensus of opinion on the relevant subjects since each technical committee has 1 pres/ ntation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use ar.  are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure tha' tie technical content of IEC
Publications is accurate, IEC cannot be held responsible for the sway in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Comm ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their nativnal >nd ' egional publications. Any divergence
between any IEC Publication and the corresponding nationa: ar rcaional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its ap rove' and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publica . ar:

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, ~-mp oyees, servants or agents including individual experts and
members of its technical committees and IEC Nctioi.al Committees for any personal injury, property damage or
other damage of any nature whatsoever . .heu. r direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication -.se of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative efercnces cited in this publication. Use of the referenced publications is
indispensable for the correct apnlicctic 1 of this publication.

Attention is drawn to the potsitility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall nct be 1 2!< responsible for identifying any or all such patent rights.

International Standa’d \-C 62270 has been prepared by IEC technical committee 4: Hydraulic
turbines.

The text ¢f thic standard is based on the IEEE Standard 1249 (1996) /EEE guide for computer-
based contiol 1or hydroelectric power plant automation. 1t was submitted to the national
commitizes for voting under the Fast Track procedure as the following documents:

FDIS Report on voting
4/188/FDIS 4/190/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

* reconfirmed;

* withdrawn;

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

Automation of hydroelectric generating plants has been a known technology for many years.
Due to the relative simplicity of the control logic for hydroelectric power plants, the application
of computer-based control has lagged, compared to other types of generating stations, such as
fossil. Now that computer-based control can be implemented for comparable costs as relay-
based logic and can incorporate additional features, it is being applied in hydroelectric power
stations worldwide, both in new installations and in the rehabilitation of older plants.
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HYDROELECTRIC POWER PLANT AUTOMATION -
GUIDE FOR COMPUTER-BASED CONTROL

1 Overview

1.1 Scope

This standard sets down guidelines for the application, design concepts, and implementation of
computer-based control systems for hydroelectric plant automation. It addresses functional
capabilities, performance requirements, interface requirements, hardware considerations, and
operator training. It includes recommendations for system testing and acceptance. Finally, ~as»
studies of actual computer-based automatic control applications are presented.

The automation of control and data logging functions has relieved the plant operatcr of these
tasks, allowing the operator more time to concentrate on other duties. In n any cases, the
plant’s operating costs can be significantly reduced by automation (primarily vi2 ctaff reduction)
while still maintaining a high level of unit control reliability.

Automatic control systems for hydroelectric units based on electroi>ech.nical relay logic have
been in general use for a number of years and, in fact, were conside. >4 standard practice for
the industry. Within the last decade, microprocessor-based “onrollers have become available
that are suitable for operation in a power plant environment. 7 icse computer-based systems
have been applied for data logging, alarm monitoring, and (init and plant control. Advantages of
computer-based control include use of graphical user ini=artcces, the incorporation of sequence
of events and trending into the control system, the 1 coioration of artificial intelligence and
expert system capabilities, and reduced plant life c'cie cust.

1.2 Purpose

This standard is directed to the practicing e¢njineer who has some familiarity with computer-
based control systems and who is desiznu. or implementing hydroelectric unit or plant control
systems, either in a new project or ai: « rotrofit to an existing one. This standard assumes that
the control system logic has alrealv been defined; therefore, its development is not covered.
For information on control sequer ce 12gic, the reader is directed to the IEEE guides for control
of hydroelectric power plants.lisic? in Clause 2 of this standard.

2 Normative referen-es

The following referencod documents are indispensable for the application of this document. For
dated references, only tne edition cited applies. For undated references, the latest edition of
the referencea document (including any amendments) applies.

IEC 6158, Digital data communications for measurement and control - Fieldbus for use in
inducttia, control systems

7 NS . C6:.4-2001, Methods of Measurement of Radio-Noise Emissions from Low-Voltage
Eletrical and Electronic Equipment in the Range of 9 kHz—40 GHz !

\EEE Std 100-1996, The IEEE Standard Dictionary of Electrical and Electronics Terms 2

ANSI publications are available from the Sales Department, American National Standards Institute, 11 West
42nd Street, 13th Floor, New York, NY 10036, USA.

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331, USA.
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IEEE Std 485-1997, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stationary
Applications (ANSI)

IEEE Std 610-1990, /EEE Standard Glossary of Software Engineering Terminology (ANSI).

IEEE Std 1010-1987 (Reaffirmed 1992), IEEE Guide for Control of Hydroelectric Power Plants
(ANSI)

IEEE Std 1014-1987 IEEE Standard for A Versatile Backplane Bus: VMEbus

IEEE Std 1020-1988 (Reaffirmed 1994), IEEE Guide for Control of Small Hydroelectric Power
Plants. (ANSI)

IEEE Std 1046-1991 (Reaffirmed 1996), IEEE Guide for Distributed Digital Contro. ar
Monitoring for Power Plants (ANSI)

IEEE Std 1147-1991 (Reaffirmed 1996), /IEEE Guide for the Rehabilitation of HyJroelectric
Power Plants (ANSI)

IEEE Std C37.1-1994, |IEEE Standard Definition, Specification, and Anclysi. of .Jystems Used
for Supervisory Control, Data Acquisition, and Automation Control (AN<!)

IEEE Std C37.90.1-2002, /IEEE Standard for Surge Withstard Capability (SWC) Tests for
Protective Relays and Relay Systems (ANSI)

IEEE Std C37.90.2-1995, IEEE Trial Use Standard Withs.ano Capability of Relay Systems to
Radiated Electromagnetic Interference from Transceiv>rs [ANSI)

IEEE 1379: 2000, IEEE Recommended Practice or Jata Communications Between Remote
Terminal Units and Intelligent Electronic Devices in a Substation (ANSI)

ISO/IEC 8802-3:2001, Information techralcqy - Telecommunications and information exchange
between systems — Local and metrouc'itar area networks — Specific requirements — Part 3:
Carrier sense multié)le access wiih cc'isiin detection (CSMA/CD) access method and physical
layer specifications® (ANSI/IEEE Stu 80..3, 1996 Edition)

ISO/IEC 8802-4:1990 (Rean /med 1995), Information processing systems — Local area
networks — Part 4: To'tei -passing bus access method and physical layer specifications
(ANSI/IEEE 802.4-1990 . dition)

ISO/IEC 8802-5:199b, !iiformation technology —Telecommunications and information exchange
between syste...s — Local and metropolitan area networks — Specific requirements — Part 5:
Token ring a:cess method and physical layer specifications (ANSI/IEEE Std 802.5, 1995
Edition)

ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211,
Genéve 20, Switzerland/Suisse. ISO publications are also available in the United States from the Sales
Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036,
USA.


https://www.stdhive.com/standards/iec-62270-ed-10-en2004-pdf/



