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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 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.

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

DISCLAIMER

This Redline version is not an official Standard and is intended to provide the user
with an indication of what changes have been made to the previous version. Only the
IEC International Standard provided in this package is to be considered the official
Standard.

This Redline version provides you with a quick and easy way to compare all the
changes between this standard and its previous edition. A vertical bar appears in the
margin wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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International Standard IEC 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
constitutes a technical revision.

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

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

b) the formula for calculating sampling interval has been modified;

c) the chapter in hydro-abrasive erosion resistant coatings has been substantially modified;
d) the annex with test data for hydro-abrasive erosion resistant materials has been removed;
e) a simplified hydro-abrasive erosion evaluation has been added.

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 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,

o replaced by a revised edition, or

e 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 contents. Users should therefore print 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 overhaul
needs to be done.

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

With regards to the machines, owners should find the means to communicate to potential
suppliers for their sites, their desire to have the particular attention of the designers at the
turbine design phase, directed to the minimization of the severity and effects of hydro-
abrasive erosion.

Limited consensus and very little quantitative data exists on the steps which the designer
could and should take to extend the useful life before major overhaul of the turbine
components when they are operated under severe-particle—abrasion hydro-abrasive erosion
service. This has led some owners to write into their specifications, conditions 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-particle-abrasion hydro-abrasive erosion rates on several combinations
of water quality, operating conditions, component materials, and component properties
collected from a variety of hydro sites;

b) developing guidelines for the methods of minimizing—particle—abrasien hydro-abrasive
erosion by modifications to hydraulic design for clean water. These guidelines do not
include details such as hydraulic profile shapes which-sheuld-be are determined by the
hydraulic design experts for a given site;

c) developing guidelines based on “experience data” concerning the relative resistance of
materials faced with-particle-abrasion hydro-abrasive erosion problems;

d) developing guidelines concerning the maintainability of-abrasien—resistant materials with
high resistance to hydro-abrasive erosion and hard-facing coatings;

e) developing guidelines on a recommended approach, which owners could and should take
to ensure that specifications communicate the need for particular attention to this aspect
of hydraulic design at their sites without establishing criteria which cannot be satisfied
because the means are beyond the control of the manufacturers;

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

It is assumed in this document that the water is not chemically aggressive. Since chemical
aggressiveness is dependent upon so many possible chemical compositions, and the
materials of the machine, it is beyond the scope of this document to address these issues.

It is assumed in this document that cavitation is not present in the turbine. Cavitation and
abrasten—may hydro-abrasive erosion can reinforce each other so that the resulting erosion is
larger than the sum of cavitation erosion plus—abrasien hydro-abrasive erosion. The
guantitative relationship of the resulting-abrasion hydro-abrasive erosion is not known and it is
beyond the scope of this document to assess it, except to-recommend suggest that special
efforts be made in the turbine design phase to minimize cavitation.

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

This document focuses mainly on hydroelectric powerplant equipment. Certain portions—may
can also be applicable to other hydraulic machines.
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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 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.

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

International Standard IEC 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
constitutes a technical revision.

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

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 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.

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 contents. Users should therefore print 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 overhaul
needs to be done.

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

With regards to the machines, owners should find the means to communicate to potential
suppliers for their sites, their desire to have the particular attention of the designers at the
turbine design phase, directed to the minimization of the severity and effects of hydro-
abrasive erosion.

Limited consensus and very little quantitative data exists on the steps which the designer
could and should take to extend the useful life before major overhaul of the turbine
components when they are operated under severe hydro-abrasive erosion service. This has
led some owners to write into their specifications, conditions 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 quality,
operating conditions, component materials, and component properties collected from a
variety of hydro sites;

b) developing guidelines for the methods of minimizing hydro-abrasive erosion by
modifications to hydraulic design for clean water. These guidelines do not include details
such as hydraulic profile shapes which are determined by the hydraulic design experts for
a given site;

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

d) developing guidelines concerning the maintainability of materials with high resistance to
hydro-abrasive erosion and hardcoatings;

e) developing guidelines on a recommended approach, which owners could and should take
to ensure that specifications communicate the need for particular attention to this aspect
of hydraulic design at their sites without establishing criteria which cannot be satisfied
because the means are beyond the control of the manufacturers;

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

It is assumed in this document that the water is not chemically aggressive. Since chemical
aggressiveness is dependent upon so many possible chemical compositions, and the
materials of the machine, it is beyond the scope of this document to address these issues.

It is assumed in this document that cavitation is not present in the turbine. Cavitation and
hydro-abrasive erosion can reinforce each other so that the resulting erosion is larger than
the sum of cavitation erosion plus hydro-abrasive erosion. The quantitative relationship of the
resulting hydro-abrasive erosion is not known and it is beyond the scope of this document to
assess it, except to suggest that special efforts be made in the turbine design phase to
minimize cavitation.

Large solids (e.g. stones, wood, ice, metal objects, etc.) traveling with the water can impact
turbine components and produce damage. This damage can in turn increase the flow
turbulence thereby 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
beyond the scope of this document to address these issues.

This document focuses mainly on hydroelectric powerplant equipment. Certain portions can
also be applicable to other hydraulic machines.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES HYDRAULIQUES -
LIGNES DIRECTRICES RELATIVES
AU TRAITEMENT DE L'EROSION HYDRO-ABRASIVE
DES TURBINES KAPLAN, FRANCIS ET PELTON

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’'études.

Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéeres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marques de
conformité de I'lEC. L’'IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniere édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

L'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 62364 a été établie par le comité d’études 4 de I'lEC: Turbines
hydrauliques.

Cette deuxiéme édition annule et remplace la premiére édition publiée en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) la formule pour le TBO du modéle de référence des turbines Pelton a été modifiée;

b) la formule pour le calcul de l'intervalle d’échantillonnage a été modifiée;

c) le chapitre sur les revétements résistant a I'érosion hydro-abrasive a été substantiellement

modifié;
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d) I'annexe sur les données test pour les matériaux résistant a I’érosion hydro-abrasive a été
supprimée;

e) une évaluation simplifiée de I'érosion hydro-abrasive a été ajoutée.

Le texte de cette Norme Internationale est issu des documents suivants:

FDIS Rapport de vote

4/351/FDIS 4/366/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I''EC sous "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date, la publication sera

e reconduite;

e supprimée;

e remplacée par une édition révisée, ou

e amendée.

IMPORTANT - Le logo “colour inside” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Le nombre de centrales hydroélectriques concernées par I'érosion hydro-abrasive est en
augmentation dans le monde entier.

Une approche globale est nécessaire afin de minimiser I'impact lié a ce phénoméne. Dés la
phase d’avant-projet, il convient qu'une évaluation soit menée afin de quantifier I’érosion
hydro-abrasive et son impact sur I'exploitation de la centrale. Pour ceci, les parameétres
influents et leurs impacts sur I'érosion hydro-abrasive doivent étre connus. Les informations
nécessaires pour I'évaluation comprennent entre autres la conception future, les parametres
liés aux particules présentes dans l'eau et qui passeront dans la turbine, la sédimentation du
réservoir et le cadre d’application du propriétaire de la centrale concernant I'exploitation
future comme la disponibilité ou la perte de rendement maximale admissible avant la
réalisation d’'une révision.

Basée sur cette évaluation de I'érosion hydro-abrasive, une solution optimisée peut étre
trouvée, en considérant toutes les mesures liées a I'investissement, a la production d’énergie
et aux colts de maintenance comme parametres de décision. Bien souvent, une conception
adaptée pour résister a I’érosion hydro-abrasive sera plus rentable qu'une conception visant a
atteindre un rendement maximal de la turbine. Cette analyse est plus efficace lorsqu’elle est
réalisée par le concepteur de la centrale.

Il revient aux propriétaires de machines de communiquer auprés des fournisseurs potentiels
des machines destinées a leurs sites, sur le fait que les concepteurs doivent porter une
attention toute particuliére, lors de la phase de conception de la turbine, a la minimisation de
la gravité et des effets de I'’érosion hydro-abrasive.

Les étapes que le concepteur pourrait suivre, et dont il convient qu'il les suive effectivement,
de maniéere a prolonger la durée de vie utile avant toute révision importante des composantes
d'une turbine fonctionnant dans des conditions sévéres d'érosion hydro-abrasive, font I'objet
d'un consensus restreint et trés peu de données quantitatives existent. Cette situation a
conduit certains propriétaires a intégrer dans leurs spécifications des conditions qui ne
peuvent étre satisfaites en s’appuyant sur des méthodes et des matériaux connus.
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MACHINES HYDRAULIQUES -
LIGNES DIRECTRICES RELATIVES
AU TRAITEMENT DE L'EROSION HYDRO-ABRASIVE
DES TURBINES KAPLAN, FRANCIS ET PELTON

1 Domaine d'application

Ce document donne des lignes directrices pour:

a) présenter les données disponibles concernant les taux d'érosion hydro-abrasive avec
diverses combinaisons de qualité de l'eau, conditions d'exploitation, matériaux et
propriétés des composants; ces données ayant été obtenues sur différents sites
hydroélectriques;

b) développer des lignes directrices permettant de réduire au minimum [|'érosion hydro-
abrasive en apportant des modifications a la conception hydraulique normalement utilisée
en l'absence de particules. Ces lignes directrices n'abordent pas les détails tels que les
profils hydrauliques que les spécialistes en conception hydraulique déterminent pour un
site donné;

c) développer des lignes directrices établies sur le «retour d’expérience» concernant la
résistance relative de matériaux confrontés aux problemes d’érosion hydro-abrasive;

d) développer des lignes directrices concernant la maintenabilité des matériaux résistant a
I'érosion hydro-abrasive et des revétements de surface durs;

e) développer des lignes directrices relatives a la recommandation d'une méthode, que les
propriétaires pourraient appliquer, et dont il convient qu'ils I'appliquent effectivement, afin
de s'assurer que les spécifications montrent la nécessité d'accorder une attention toute
particuliere & la conception des formes hydrauliques propres a leur site sans imposer des
critéres qui ne peuvent étre satisfaits dans la mesure ol les moyens a mettre en ceuvre
ne sont pas maitrisables par les constructeurs;

f) développer des lignes directrices concernant le mode de fonctionnement des turbines
hydroélectriques en présence de particules afin d’accroitre la durée de vie.

Ce document fait I'hypothése d’'une eau chimiquement non agressive; étant donné que cette
agressivité dépend des diverses compositions chimiques possibles, ainsi que des matériaux
constitutifs de la machine, le domaine d'application de ce document ne traite pas de cette
guestion.

Ce document fait également I'hypothése de I'absence de cavitation au niveau de la turbine.
En effet la cavitation et I'érosion hydro-abrasive peuvent se renforcer mutuellement de sorte
qgue l'érosion résultante est plus importante que la somme des deux. Comme aucune
formulation quantitative de cette érosion résultante n’est connue, ce document n'a pas pour
objet de I'évaluer, sauf pour suggérer, lors de la phase de conception de la turbine, des
efforts particuliers visant a minimiser la cavitation.

Des objets solides de grandes dimensions (comme des pierres, du bois, de la glace, des
objets métalliques, etc.) véhiculés par I'eau peuvent percuter les composants de la turbine et
les endommager. Ces dommages peuvent pour leur part accroitre la turbulence de
I'’écoulement et accélérer l'usure par cavitation et par érosion hydro-abrasive. Les
revétements durs résistant a I'érosion hydro-abrasive peuvent également étre endommagés
localement suite a lI'impact de ces particules de grandes dimensions. Ce document ne traite
pas de ces questions.

Ce document se concentre principalement sur les équipements des centrales
hydroélectriques. Certaines parties de ce document peuvent également s'appliquer a d'autres
machines hydrauliques.



