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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC MACHINES -
GUIDELINES FOR DEALING WITH HYDRO-ABRASIVE
EROSION IN KAPLAN, FRANCIS, AND PELTON TURBINES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ccmpr.ing
all national electrotechnical committees (IEC National Committees). The object of IEC is to p..mc¢ =
international co-operation on all questions concerning standardization in the electrical and electronic .’elds To
this end and in addition to other activities, IEC publishes International Standards, Technice’ Si =cific 2tions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referr. 1 tc 25 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commit. e interested
in the subject dealt with may participate in this preparatory work. International, gove -nmenta: and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC c)llaborates closely
with the International Organization for Standardization (ISO) in accordance with conaii>''s determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as near"s as ~o.sible, an international
consensus of opinion on the relevant subjects since each technical comni.*'ee | as representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internation¢! us2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to e. s =~ 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 “on nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natichal «nd regional publications. Any divergence
between any IEC Publication and the corresponding natioial 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 certificatior. 2ac’es.

All users should ensure that they have the late_* ¢ dition of this publication.

No liability shall attach to IEC or its'dire ‘t~rs, employees, servants or agents including individual experts and
members of its technical committees a>d 1.7 National Committees for any personal injury, property damage or
other damage of any nature whats eve . whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the pullicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the !or ative references cited in this publication. Use of the referenced publications is
indispensable for the corr. =t appiication of this publication.

Attention is drawn tc the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shc'l no be held responsible for identifying any or all such patent rights.

International Stac~dard [EC 62364 has been prepared by IEC technical committee 4: Hydraulic
turbines.

This second edition cancels and replaces the first edition published in 2013. This edition
co.stitute's a technical revision.

Thicedition includes the following significant technical changes with respect to the previous
ecition:

a)
b)
c)
d)
e)

the formula for TBO in Pelton reference model has been modified;

the formula for calculating sampling interval has been modified;

the chapter in hydro-abrasive erosion resistant coatings has been substantially modified;
the annex with test data for hydro-abrasive erosion resistant materials has been removed,;
a simplified hydro-abrasive erosion evaluation has been added.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
4/351/FDIS 4/366/RVD

Full information on the voting for the approval of this International Standard 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.

The committee has decided that the contents of this document will remain unchanged untl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data reicted to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT — The 'colour inside' logo on the cover pag. *fthis publication indicates
that it contains colours which are considered ‘v bL»> useful for the correct
understanding of its contents. Users should therefcre Hrint this document using a
colour printer.
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INTRODUCTION

The number of hydro power plants with hydro-abrasive erosion is increasing worldwide.

An overall approach is needed to minimize the impact of this phenomenon. Already at the
start of the planning phase an evaluation should be done to quantify the hydro-abrasive
erosion and the impact on the operation. For this, the influencing parameters and their impact
on the hydro-abrasive erosion have to be known. The necessary information for the evaluation
comprises among others the future design, the particle parameters of the water, which will
pass the turbine, the reservoir sedimentation and the power plant owner’s framework for the
future operation like availability or maximum allowable efficiency loss, before an overhaui
needs to be done.

Based on this evaluation of the hydro-abrasive erosion, an optimised solution can w:en be
found, by analysing all measures in relation to investments, energy prcduction and
maintenance costs as decision parameters. Often a more hydro-abrasive erosiun-resistant
design, instead of choosing the turbine design with the highest efficiency, wi'l lead (o higher
revenue. This analysis is best performed by the overall plant designer.

With regards to the machines, owners should find the means to comnuricaie to potential
suppliers for their sites, their desire to have the particular attenicn f tne designers at the
turbine design phase, directed to the minimization of the severn. _.u.nd effects of hydro-
abrasive erosion.

Limited consensus and very little quantitative data exis's on ine steps which the designer
could and should take to extend the useful life bafo.~> . major overhaul of the turbine
components when they are operated under severe h drc-abrasive erosion service. This has
led some owners to write into their specifications, condiions which cannot be met with known
methods and materials.
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HYDRAULIC MACHINES -
GUIDELINES FOR DEALING WITH HYDRO-ABRASIVE
EROSION IN KAPLAN, FRANCIS, AND PELTON TURBINES

1 Scope

This document gives guidelines for:

a) presenting data on hydro-abrasive erosion rates on several combinations of water tua:ity,
operating conditions, component materials, and component properties collected. frcm «
variety of hydro sites;

b) developing guidelines for the methods of minimizing hydro-abrasive =rosizn by
modifications to hydraulic design for clean water. These guidelines do not inclul'e details
such as hydraulic profile shapes which are determined by the hydraulic de:ign experts for
a given site;

c) developing guidelines based on “experience data” concerning the rela.ve‘resistance of
materials faced with hydro-abrasive erosion problems;

d) developing guidelines concerning the maintainability of materiai. wvith high resistance to
hydro-abrasive erosion and hardcoatings;

e) developing guidelines on a recommended approach, w4ich awners could and should take
to ensure that specifications communicate the nead far particular attention to this aspect
of hydraulic design at their sites without establiishirg ciiteria which cannot be satisfied
because the means are beyond the control of the n.anufacturers;

f) developing guidelines concerning operation nod:2 of the hydro turbines in water with
particle materials to increase the operation life.

It is assumed in this document that the <vater is not chemically aggressive. Since chemical
aggressiveness is dependent upon s many possible chemical compositions, and the
materials of the machine, it is beyone tre scope of this document to address these issues.

It is assumed in this document ‘ha. cavitation is not present in the turbine. Cavitation and
hydro-abrasive erosion can rei:fcrce each other so that the resulting erosion is larger than
the sum of cavitation erosihn plus hydro-abrasive erosion. The quantitative relationship of the
resulting hydro-abrasive erc=icn is not known and it is beyond the scope of this document to
assess it, except to.sugyrest that special efforts be made in the turbine design phase to
minimize cavitation

Large solids (2., stones, wood, ice, metal objects, etc.) traveling with the water can impact
turbine compunents and produce damage. This damage can in turn increase the flow
turbulence ti.ereby accelerating wear by both cavitation and hydro-abrasive erosion. Hydro-
abrasive erosion resistant coatings can also be damaged locally by impact of large solids. It is
bevoi 2. the scope of this document to address these issues.

Th.= document focuses mainly on hydroelectric powerplant equipment. Certain portions can
a0 be applicable to other hydraulic machines.

2 Terms, definitions and symbols
For the purposes of this document, the following terms and definitions apply.

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