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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Hydraulic turbines, storage pumps and pump-turbines -
Hydraulic transient analysis, design considerations and testing

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. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements 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.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC 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
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is 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 its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees 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 Publication or any other IEC
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.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 63111 has been prepared by IEC technical committee 4: Hydraulic turbines. It is a
Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

4/525/DTS 4/531/RVDTS

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

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.
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INTRODUCTION

Proper treatment of hydraulic transients is important for utilities, equipment owners, producers,
as well as equipment suppliers. During transient operational modes, hydro power equipment
can be exposed to large dynamic loads that, in extreme cases, can lead to catastrophic events.
Insufficient understanding of basic transient phenomena and related modelling can lead to
inadequate design safety factors that can put both equipment and related plant personnel at
risk.

The occurrence of transient phenomena during hydro power production is unavoidable.
Simulation and testing of hydraulic transients provide critical values throughout the project
development that should be used to establish and validate guarantees for maximum and
minimum allowable pressures, rotational speeds, torques, etc. The primary goal of a hydraulic
transient analysis is to support the safety of the hydroelectric equipment and any personnel
directly related to the environment produced by a hydraulic transient event.

11
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1 Scope

This Technical Specification (1) describes hydraulic transient phenomena of hydro turbines,
storage pumps and pump-turbines and the factors that affect them, (2) provides modelling and
measurement best practice guidelines and resulting limitations (3) defines relevant equipment
design criteria, and (4) identifies potential mitigation solutions. Definitions of the relevant terms
and quantities are provided along with descriptions of the system components that are
considered.

Various types of hydraulic transient phenomena are covered in the current specification,
including waterhammer, surge tank mass oscillation, and speed variation of the hydraulic
machine for operational modes such as start-up, normal shutdown, emergency shutdown, and
load rejection and acceptance. Combinations of the individual transient modes are also
considered. The links between these transient characteristics and operation across the relevant
quadrants for each machine type are illustrated. Methods for mitigating extreme transient values
of pressure, surge tank water levels, and unit rotational speed are suggested.

In this Technical Specification, abnormal transient phenomena are also defined and described,
including component malfunction and catastrophic events like component rupture. The
probability of the occurrence of these extreme events and how this can influence the relevant
safety margin is described.

Different stages of hydroelectric development correspond to unique sets of available data with
differing levels of detail and uncertainty. The various stages of project development are
described in relation to transient analysis. The corresponding uncertainty margins associated
with each stage and analysis technique are discussed.

This Technical Specification provides guidelines and commonly accepted practices to model
and compute transient conditions. It provides a summary of the basic hypotheses and
equations, together with relevant characteristic quantities and system time constants. Accepted
methods of modelling hydraulic components, and related numerical simulation methods are
identified. This specification details the input data, including best practices for model testing of
hydraulic machines, valves, gates, etc. to acquire reliable transient modelling.

Different calculation methods with different levels of uncertainty are described so that the most
suitable approach for the available data or project stage can be selected. Limitations of one-
dimensional modelling methods are described. Additional means of investigation, such as
physical model tests or CFD computation, can be used to improve the simulation results.

For various configurations of equipment and operating regimes, typical scenarios for
consideration are defined.

Procedures to determine uncertainty margin, with respect to the modelling and computation
methods and available input data are described.

Finally, this Technical Specification describes methodologies for on-site measurements with
respect to transient such as load rejection tests, runaway tests, etc. Recommendations are
provided for quantities to be monitored during these tests, with related instrumentation,
calibration and data acquisition systems. Procedures for comparing on-site measurements with
numerical simulation results are proposed.
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Note that the following aspects influence hydraulic transients and are therefore introduced;
however, the associated modelling and related design guidelines will not be addressed in the
Technical Specification:

e waterway design and optimization;

e upstream and downstream free surface flows;

o fluid structure interactions;

e cavitation and water column separation;

e unsteady friction and viscoelasticity;

e two phase flows;

e turbine governor design;

e flow induced pressure fluctuations.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60041:1991, Field acceptance test to determine the hydraulic performance of hydraulic
turbines, storage pumps and pump-turbines

IEC 60193:2019, Hydraulic turbines, storage pumps and pump-turbines - Model acceptance
tests

IEC 60545:2021, Guidelines for commissioning and operation of hydraulic turbines, pump-
turbines and storage pumps

IEC 60994:1991, Guide for field measurement of vibrations and pulsations in hydraulic
machines (turbines, storage pumps and pump-turbines)

IEC 62884 (all parts), Measurement techniques of piezoelectric, dielectric and electrostatic
oscillators
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