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Abstract: The application, design concepts and implementation of computer-based control
systems for hydroelectric power plant automation is addressed. Functional capabilities,
performance requirements, interface requirements, tradeoffs, and hardware considerations and
operator training are discussed, including typical application examples.
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Copyrights
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a given document is the current edition and whether it has been amended through the issuance of
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IEEE INTRODUCTION

This introduction is not part of IEEE Std 1249, Guide for Computer-Based Control for Hydroelectric Power Plant
Automation

This document is a guide for the power industry for the automation of hydroelectric power plants
using computer-based controls. The document was prepared by the Working Group on
Computer-Based Control for Hydroelectric Power Plant Automation of the Hydroelectric Power
Subcommittee of the Energy Development and Power Generation Committee of the IEEE Power
and Energy Society (PES).

Automation of hydroelectric generating plants has been a proven technology for many years.
However due to the relative simplicity of the control logic for hydroelectric power plants, the
application of computer-based control on hydro power plants lagged, as compared to applications
on thermal generating stations. With the advent of economic, computer-based control systems in
the 1980s, installations of these systems in hydroelectric power plants has proceeded at a rapid
pace worldwide, for both new installations and rehabilitation of control systems in existing plants.
Since preparation of the original guide, significant changes in technology and application criteria
have occurred. The purpose of this revision is to address these changes and to harmonize this
guide with a companion document, IEEE Std 1010™, |IEEE Guide for the Control of Hydroelectric
Power Plants.

The guide is directed to the practicing engineer who has some familiarity with computer-based
control systems. It contains references and definitions for use with the guide. Clauses addressing
functional capabilities, software, security, system integration, system architecture, data bases,
user and plant interfaces, system performance, back-up capabilities, support systems, testing and
acceptance criteria and system management are contained in the guide.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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1)

2)

3)

4)

5)

6)
)

8)

GUIDE FOR COMPUTER-BASED CONTROL
FOR HYDROELECTRIC POWER PLANT AUTOMATION

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 fields. To this end and in addition
to other activities, IEC publishes International Standards, Technical Specifications, 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 interested in the subject dealt with may participate in
this preparatory work. International, governmental and non-governmental organizations liaising with the IEC also
participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of
IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote fairness
in the consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information contained in its standards. Use of IEEE Standards documents is wholly voluntary. IEEE documents
are made available for use subject to important notices and legal disclaimers (see
http://standards.ieee.org/IPR/disclaimers.html| for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms of
that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC National
Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies and
Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially interested
parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards document is
given by the IEEE Standards Association (IEEE-SA) Standards Board.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications (including
IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional publications. Any
divergence between any IEC/IEEE Publication and the corresponding national or regional publication shall be clearly
indicated in the latter.

IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible for
any services carried out by independent certification bodies.

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

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual experts
and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and the
Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs
(including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE Publication
or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or validity
of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying Essential Patent
Claims for which a license may be required, for conducting inquiries into the legal validity or scope of Patent Claims
or determining whether any licensing terms or conditions provided in connection with submission of a Letter of
Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. Users of this standard are
expressly advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is
entirely their own responsibility.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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International Standard |EC 62270/IEEE Std 1249 has been jointly revised by the Energy
Development & Power Generation Committee of the IEEE Power & Energy Society, in cooperation
with IEC technical committee 4: Hydraulic turbines, under the terms of that agreement.

This second edition cancels and replaces the first edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) update of system architecture aspects, with different process control system configurations;

b) update of communications, user and plant interfaces aspects;

c) suppression of case studies, because of the quickness of evolution of the technology;

d) complete review of the bibliography, making mention of many IEC and IEEE standards as new
references;

e) addition of a new informative Annex B on legacy control systems.

This publication is published as an IEC/IEEE Dual Logo standard.

The text of this standard is based on the following IEC documents:

FDIS Report on voting
4/284/FDIS 4/287/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.

International standards are drafted in accordance with the rules given in the ISO/IEC Directives,
Part 2.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents of
this publication will remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the publication
will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
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GUIDE FOR COMPUTER-BASED CONTROL
FOR HYDROELECTRIC POWER PLANT AUTOMATION

1 Overview

The automation of control and data logging functions has relieved the plant operator of these
tasks, allowing the operator more time to concentrate on other duties. In many cases, the plant’s
operating costs can be significantly reduced by automation (primarily via staff reduction) while still
maintaining or increasing the plant reliability.

Automatic control systems for hydroelectric units based on electromechanical relay logic have
been in general use for many years and, in fact, were considered standard practice for the
industry. Within the past few decades, microprocessor-based controllers have been developed
that are suitable for operation in a power plant environment. These computer-based systems have
been applied for data logging, alarm monitoring, and unit and plant control. Advantages of
computer-based control include use of graphical user interfaces, the incorporation of sequence of
events and trending and automatic archiving and reporting into the control system and the
incorporation of artificial intelligence and expert system capabilities.

1.1 Scope

This guide addresses 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. The electrical protective
system (generator and step-up transformer) is beyond the scope of this guide.

1.2 Purpose

This guide is directed to the practicing engineer who has some familiarity with computer-based
control systems and who is designing or implementing hydroelectric unit or plant control systems,
either in a new project or as a retrofit to an existing one. Although this guide is aimed primarily
towards large hydroelectric power plants, many of the concepts are applicable for small
hydroelectric power plants (i.e. unit size 5 MVA or smaller). Further details on small hydroelectric
power plant control concepts can be found in IEEE Std 1020™ [B46].1" 2 Typical hydroelectric
system control logic upon on which this guide is based can be found in companion guide IEEE Std
1010™ [B45] or IEC 61362 [B22].3

2 Terms and definitions

The terms and definitions provided here reflect common industry usage as related to automation
of hydroelectric power plants, and may not in all instances be in accordance with IEEE Standards

1 |EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane,
Piscataway, NJ 08854, USA (http://standards.ieee.org/).

2 The number in square brackets refer to the references listed in the bibliography in Annex A.

IEC publications are available from the Sales Department of the International Electrotechnical Commission, PO Box
131, 3 rue de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC 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.
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