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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

consti

tutes 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 madi
d) the annex with test data for hydro-abrasive erosion resistant materials has beep.rem
e) a gimplified hydro-abrasive erosion evaluation has been added.

The tgxt of this International Standard is based on the following documents:

Full information on the voting for the approval of this International Standard can be fo

the re

This d

FDIS Report on voting

4/351/FDIS 4/366/RVD

bort on voting indicated in the above table.

ocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

ed;
bved;

ind in

The committee has decided that the contents of;this document will remain unchanged until the

stabili

y date indicated on the IEC website under "http://webstore.iec.ch" in the data rels

ted to

the splecific document. At this date, the document will be

e reg¢onfirmed,

e withdrawn,

o replaced by a revised edition; or

e anjended.

IMPQRTANT < The 'colour inside' logo on the cover page of this publication indigates
that | it contains colours which are considered to be useful for the cofrect
unddrstanding of its contents. Users should therefore print this document using a

colo

Ir 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 ¢f 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 thelr jmpact
on theg hydro-abrasive erosion have to be known. The necessary information for t)‘é‘eval ation
compijises among others the future design, the particle parameters of the w?r, whigh will
pass the turbine, the reservoir sedimentation and the power plant owner’s ftamework for the
future| operation like availability or maximum allowable efficiency loss,, before an ovgrhaul
needs|to be done. (b(b

Based on this evaluation of the hydro-abrasive erosion, an opti d solution can then be
found| by analysing all measures in relation to invest , energy productiop and
maintg¢nance costs as decision parameters. Often a more ro-abrasive erosion-registant

design, instead of choosing the turbine design with the hi s%st efficiency, will lead to higher
revenfie. This analysis is best performed by the overalgent designer.

With negards to the machines, owners should finQ\%e means to communicate to pofential
suppliprs for their sites, their desire to have th \barticular attention of the designers [at the
turbing design phase, directed to the minimization of the severity and effects of hydro-
abrasive erosion. Q)

N

Limited consensus and very little qu@‘t@ative data exists on the steps which the defigner
could |and should take to extend cthe useful life before major overhaul of the turbine
compagnents when they are operated under severe—particle—abrasion hydro-abrasive efosion
servicg. This has led some owngrs to write into their specifications, conditions which ¢annot
be meft with known methods and materials.
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1

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

Scope

This document gives guidelines for:

a)

b)

c)

d)

f)

It is assumed in this document that the water is not chemically aggressive. Since ch
aggressiveness is dependent upef’ so many possible chemical compositions, an
materfals of the machine, it is beyond the scope of this document to address these issug

It is assumed in this document that cavitation is not present in the turbine. Cavitatid
abrasion—may hydro-abrasive erosion can reinforce each other so that the resulting ero
larger| than the sum( of cavitation erosion plus—abrasion hydro-abrasive erosion|
tative relationship of the resulting-abrasien hydro-abrasive erosion is not known and it is
beyongd the scope.0f'this document to assess it, except to-recommend suggest that g
efforty be madelin-the turbine design phase to minimize cavitation.

guanti

Large|solids*(e.g. stones, wood, ice, metal objects, etc.) traveling with the water—-m4g
impacf turbine components and produce damage. This damage-may can in turn increa
flow tOrpotence thereby acceterating wear by botT cavitation and—abrasion (Tyaro-at

présenting data on-particleabrasien hydro-abrasive erosion rates on several combinfations
of |water quality, operating conditions, component materials, and component, ‘properties

collected from a variety of hydro sites;

developing guidelines for the methods of minimizing—particle—abrasien hydro-abfrasive

erpsion by modifications to hydraulic design for clean water. Thesef guidelines
in¢lude details such as hydraulic profile shapes which-sheuld-be arge«determined
hydraulic design experts for a given site;

developing guidelines based on “experience data” concerning(the relative resista
materials faced with-particle-abrasion hydro-abrasive erosion(problems;

developing guidelines concerning the maintainability of<abrasion—resistant material
high resistance to hydro-abrasive erosion and hard-faghig ‘coatings;

developing guidelines on a recommended approach;ywhich owners could and shoul

0 not
Dy the

nce of
s with

0 take

to|ensure that specifications communicate the néed for particular attention to this;spect
t

of |lhydraulic design at their sites without establishing criteria which cannot be s
bejcause the means are beyond the control of‘the manufacturers;

developing guidelines concerning operation mode of the hydro turbines in wate
particle materials to increase the operation life.

isfied
r with
emical

d the
S.

n and
sion is
The

pecial

ly: can
5e the

rasive

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.

2

Terms, definitions and symbols

For the purposes of this document, the following terms and definitions-and-symbels apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE 1 Terms and definitions are also based, where relevant, on IEC TR 61364.

NOTE 2 The International System of Units (S.l.) is adopted throughout this document but other systems are

IEC 62364:2019 RLV © IEC 2019

allowed.
Sub- Term Definition Symbol Unit
clause
221 Dpcbifib Dpcbifib CIICIH)’ Uf vvatcl GVGI:GIU:C ILICtV\ICCII t:IC :IIU:I GIIL: E kg
hydraulic low pressure reference sections 1 and 2 of the machine
energy of a
machine . .
Note 1 to entry: For full information, see IEC 60193.
229 acceleration local value of gravitational acceleration at the place of g nh/s2
due to gravity testing
Note 1 to entry: For full information, see IEC 60193.
223 turbine head available head at hydraulic machine terminal H m
pump head
H=Elg
224 reference reference diameter of the hydraulic machine D m
diameter
Note 1 to entry: For Pelton turbin€sy\this is the pitch
diameter, for Kaplan turbines this 4s’th'e runner chamber
diameter and for Francis angd, Francis type pump
turbines this is the blade low,pressure section diameter
at the band
Note 2 to entry: See IEC-60193 for further information.
2.2.5 hub diameter the diameter of runges hub for Kaplan turbines D, hm
225 abrasion ‘ depth of%e&aL—layer—that—haS—beeﬂ—removed—#em—a_ ‘ : S hm
hydro-abrasive material removed
erosion depth (measuregd perpendicular to the original surface) from a
compeient due to hydro-abrasive erosion
2256 characteristic characteristic velocity defined for each machine W his
velocity cemponent and used to quantify-particleabrasion hydro-
abrasive erosion damage
Note 1 to entry: See also 2.2.20 to 2.2.24.
227 particle mass concentration of-al-selid-particles perm —of water c kd/m3
concentration selutien particles, i.e. the mass of solid particles per 1
volume of water-particle mixture

I‘\iULC 1 U CIiry. iII Cas’tT LiIC palLiLiC LUIILCIILIQL;UII ib
expressed in parts per million (ppm) it is recommended
to use the mass of particles per-mass volume of water,
so that 1 000 ppm approximately corresponds to 1
kg/m*.
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Sub-
clause

Term

Definition

Symbol

Unit

2.2.89

particle load

the-particle concentration integrated-over the-time

the integral of the modified particle concentration over
time:

shape (t) X Khardness (t)dt

PL = ]C(t) x K, (1) x K

/ N

PL

kg x h/m3

Lz L(’n X Ksize,n X Kshape,n X Khardness,n ><Ts,nJ

n=1

C(t) = 0 if no water is flowing through the turbine.

Note 1 to entry: For Francis turbines C(t) = 0 when

calculating PL for runner and labyrinth seals, if the vt
is at standstill with pressurized spiral case, but G(t))# 0
when calculating PL for guide vanes and facing¢plates.

2.2.91(

size factor

factor that characterizes how the—abtasienr hydro-
abrasive erosion relates to the size ,of‘\the abrasive
particles = median particle size dPg, inJam

size

2.2.1011

shape factor

factor that characterizes how., the—abrasien hydro-
abrasive erosion relates to the,shape of the abrasive
particles

Note 1 to entry: See Aniex D.

shape

2.2.1112

hardness
factor

factor that charagtérizes how the—abrasien hydro-
abrasive erosion-telates to the hardness of the abrasive
particles
for 13CrdN+ stainless steel: K fraction of
particles\harder than Mohs 4,5.

hardness

far hard coated surfaces: K
harder than Mohs 7,0.

hardness = fraction of particles

Khardness

2.2.1213

material factor

factor that characterizes how the—abrasion hydro-
abrasive erosion relates to the material properties of the
base material

2.2.1314

flaw=coefficient

coefficient that characterizes how the—abrasien hydro-
abrasive erosion relates to the water flow around each
component

mn| X s3*
kg X|h x m*

2.2.1415

sampling
interval

time interval between two water samples taken to
determine the concentration of abrasive particles in the
water

2.2.1516

yearly particle
load

Total load (PL) for 1 year of operation, i.e. PL for T=8
760 h calculated in accordance with 2.2.89

kg x h/m3

maxdmum
concentration

the-maximum concentration-of abrasive particles-overa

2.2.17

maximum
particle load

maximum value of the integrand in the PL integral
during a specified time interval, i.e. the maximum value
of the following expression

PLmax = C(t)x Kgjze(t)x Kshape(t) x Khardness(t)

kg/m?3
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Sub- Term Definition Symbol Unit
clause
221718 | particle median diameter of abrasive particles in a sample, i.e. dp mm
median such diameter that the particles with size smaller than 50
diameter the value under consideration represent 50 % of the
total mass of particles in the sample
resistance (generally some version stainless steel) divided by the
abrasien—depth—orveolume ofthe—matera Guestio
2.2.19 impingement angle between the particle trajectory and the surface of o
angle the substrate
2.2.20 characteristic flow through unit divided by the minimum flow area at W his
velocity in the guide vane apparatus—estimated at best efficiency v
Francis guide point
vanes
Wov = zQ B
characteristic axZoxbg
velocity in
Kaplan guide
vanes
2.2.21 e speed-of the-water flow-at guide vane location W, mhis
guide-vanes-of ng =05x+/2xE
Kaplans
Francis-or
e
ety
2.2.2241 | characteristic speed of the water flow at injectonlocation W /s
velocity in n
Pelton injector
Winj = \/2 x E
222342 | characteristic relative velocity between the water and the runner blade W h/s
velocity in estimated with belowformulas at best efficiency point run
Kaplan-or
e
turbine runner =] 2 2
Wrun T u2 + C2
u, =nxzxD
x4 .
¢, = Q—Z(Franms)
zxD
Qx4
, = - >—(Kaplan)
zx(D°-D,")
e R e e e e e AR e ats
m{e‘Fe—S‘t—e‘f—S*‘m‘p“e“t‘y*- j et O
2.2.2423 | Characteristic speed-of the water flow-at-a_Pelton-runner W mis
velocity in i ) run
Pelton runner relative velocity between the water and the runner
bucket
Wiun = 0,5 x4/2x E
222524 | discharge volume of water per unit time passing through any Q m3/s
{volume flow section in the system
rate)
2.2 225 | guide vane average shortest distance between adjacent guide a m
opening vanes (at a specified section if necessary)
Note 1 to entry: For further information, see
IEC 60193.
222726 | number of total number of guide vanes in a turbine 7

guide vanes
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Sub- Term Definition Symbol Unit
clause
2.2.2g27 | distributor height of the distributor in a turbine B m
height 0
2.2.290g | rotational number of revolutions per unit time n 1s
speed
2.2.3029 | specific speed commonly used specific speed-te of a hydraulic machine n rpm
e S
N - 60xnx+/P
s =—
H 5/4
P and H are taken in the rated operating point and given
HHAAaRe-R+espectively
2.2.3140 | output output of the turbine in the rated operating point p W
223241 | actuat estimated actual depth of metal that will be removed Stargep hm
SEelen from a component of the target turbine due to particle agtual®
hydro-abrasive | abrasion hydro-abrasive erosion
erosion depth
of target unit .
Note 1 to entry: For use with the reference model.
223342 | actual the—aetual hydro-abrasive erosion depth of metal(that | S ... hm
abrasion has been removed from a component of the refererce '
hydro-abrasive | turbine due to-particle-abrasion hydro-abrasive/eresion
erosion depth
of reference .
unit Note 1 to entry: For use with the reference)model.
223443 | number of number of nozzles in a Pelton turbing Zy Zjgy
nozzles
223544 | bucket width bucket width in a Pelton runner B, hm
2.2.3645 | number of number of buckets in a Pelton runner Z,
buckets
223746 | time between time between overhaulfortarget unit TBOtarget h
overhaul for
target unit .
Note 1 to entry: ~EOr use with the reference model.
2.2.3g47 | time between time between*gverhaul for reference unit TBO, ¢ h
overhaul for
reference unit .
Note A°to.'entry: For use with the reference model.
2.2.394g | turbine reference size for calculation curvature dependent RS m
reference size effects of hydro-abrasive erosion
Note 1 to entry: For Francis turbines, it is the
reference diameter, D (see 2.2.4).
Note 2 to entry: For Pelton turbines it is the inner
bucket width, B,,.
Note 3 to entry: For further information in the inner
bucket width B __see IEC 60609-2
224039 | Size exponent exponent that describes the size dependant effects of p
hydro-abrasive erosion in evaluating RS
2.2.4140 | exponent numerical value of 0,4-p that balances units for K; o
3 Abrasion-rate Prediction of hydro-abrasive erosion rate

3.1 Model for hydro-abrasive erosion depth

The following formula can be used to estimate the hydro-abrasive erosion depth in a Francis

turbine:
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e The characteristic velocity, W, is defined in 2.2.20 to 2.2.23. If detailed data to calculate W
is not available it can be estimated based on Figure 1,

e PL, K,,and RS are defined in 2.2.9, 2.2.13 and 2.2.38 respectively,

e For uncoated components of Francis turbines K¢ and p are taken from Table 1 below.

For additional information of the background for this formula please refer to Annex I. A sample

calculation is found in Annex G.

5 A
= 2ls
g’ N
= |
IS ol
@ )
© \
““é ) W,y = (0,25 + 0,003 x ng) x (2 x g x H)0.5 Y \
(&) ”~ ) .\
*? / N T
3 D
E ap
> \
o (
B 15 e -
5 \ 4
©
o
(U N
5 4
© / OV

1 / L X

r.. r ng = 0,55 X (2 X g X H)0’5
0|5 /
0 b, -
0 100 200 300 400 500 600 700 800

NOTE [Values of npand H in this figure refer to the rated operating point while the characteristic veloci

given fqr the points\noted in Clause 2.

Turbine specific speed, ng (using m,

Figure 1 — Estimation of the characteristic velocities in guide vanes, ng,
and runner, W, ,,, as a function of turbine specific speed

Table 1 — Values of K; and p for various components

Component K; Exponent p
(for RS)
Francis guide vanes 1,06 x 106 0,25
Francis facing plates 0,86 x 106 0,25
Francis labyrinth seals 0,38 x 10 0,75
Francis runner inlet 0,90 x 10 0,25
Francis runner outlet 0,54 x 10 0,75

kW)
IEC

ies are
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3.2 Reference model

In the reference model presented in this document the TBO of two turbines are compared to
each other. To do this the TBO of one turbine (here called reference turbine) and the
differences in the influencing parameters to another turbine (here called target turbine) have
to be known to calculate the TBO of the target turbine. Note that the same overhaul criteria
have to be applied for both the target and reference turbines.

The aim of the reference model is not to calculate the hydro-abrasive erosion depth (S).
Therefore a calibrated model for the depth is not necessary. The criteria for the TBO can be
the relative amount of damage, the efficiency loss or some other criteria but has to be the
same for both turbines

There|are a few differences in the way the formula is built up between the reference |model
and the absolute model as follows:

e since the reference model does not calculate the hydro-abrasive cerosion depth of
individual components, constants valid for the whole turbine are used. instead of different
cofpstants for different components;

e a larger turbine can normally withstand more-abrasien hydro-abrasive erosion depth than
a |small turbine before it needs overhaul. For this reasgn, the exponent for turbine
reference size, p, is chosen as 1 in the reference model;

o forl Pelton turbines, it is assumed that the critical compenent for overhaul is the runner. In
addition to the factors described above, the K; foly Pelton runners is assumed [to be
proportional to the number of nozzles and the speed and inversely proportional ffo the
number of buckets;

ol pel . : e is tal he_bucket width B, :
runjper-diameter-

The TBO for the target turbine can be calculated as follows:

TBOtanget / TBOyof = Wygi34 / Wtarget3'4 X Plygs / F)Itarget x Ky ref / Km target * Kt ref I K¢

hrget ™
RStargetp / RSrefp

In this|equation, we use the following values for the relationships:

Peltor| turbines:

Kf, ref Kf, target =

Zwﬁﬂ%iﬂ%&@ﬁpggw{%wﬂ%@) Zjgt,ref * 22 target / (Zjet,target X 2 ref)
Francis and Kaplan turbines: Ky ot / K target = 1

Size exponent: p=1

The dccuracy of the reference model might decrease when the differences hetwedn the

reference and target turbines become large.

The sensitivity of the calculated TBO value to variances in the input variables can also be
studied with the same formula. A sample calculation is found in Annex H.

3.3 Simplified hydro-abrasive erosion evaluation
In addition to the formulas in 3.1 and 3.2 other methods to estimate hydro-abrasive erosion

have been proposed, such as in [15] and [22]1. Each method may have its advantages and
disadvantages.

1 Numbers in square brackets refer to the Bibliography.
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As a quick and easy rule of thumb to make a first assessment of the severity at a particular

site it is recommended to evaluate the following expression, which is shown graphically in
Figure 2.

If C x H1.> <150 then the hydro-abrasive erosion may not be significant.
If 150 < C x H15 < 1 500 then the hydro-abrasive erosion may be significant.

If C x H1.5> 1500 then the hydro-abrasive erosion may be severe.

Of C.Ol. rse this rulg af thiimhb i npprnvimnfn’ hut it ey hnlp decide whothar furithaor ::n::l,lsis is
advisgble.
E A
T
1 000 {30 1pudt
900 = C x H1.5 =50
800 —— C ¥HL5 =1 500
&>
\
700 € T
High risk of hydro-abrésive erosion:
600 L Analysis of particles is mandatory
- Concentration“over year
- Hardness _
500 - size
- shape

400 \\at
300
200 Significant risk of
. hydo-abrasive erosion:
™. ) Analysis of particles is recommended
100 } f t
No>significant risk of hydro-abrasive erosion -
0
0] 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1

Annual average of particle concentration C (kg/m3)

IEC

Figure 2 — Simplified evaluation of risk of hydro-abrasive erosion for first assessment
4 Design
4.1 General

The following guidelines explain some recommended methods to minimize—particle—abrasion
hydro-abrasive erosion and the effects thereof, by modifying the design for clean water.

It should be understood that every-hydraulic design of a hydro powerplant is a compromise
between several requirements. While it is possible to design a unit to be more resistant

against—particle—abrasion hydro-abrasive erosion this may adversely affect other aspects of
the turbine. Some examples are:
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e thicker runner blades may result in decreased efficiency and increased risk of vibrations

fro

m von Karman vortices;

o fewer runner blades (in order to improve the access to the blade surfaces for thermal
spray surface treatment) may result in reduced cavitation performance;

o abrasionresistant coatings against hydro-abrasive erosion may initially result in increased
surface roughness, which may reduce the efficiency. The initially increased surface
roughness may be reduced due to the polishing effect of operating with particle laden
water. Of course, over time the coated turbine will maintain a higher efficiency compared
to the uncoated turbine;

e reduced runner blade overhang may result in reduced cavitation performance, which in

tu
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ny—abrasion—resistanece design features to reduce the impact of a high,
hcentration will increase the total cost of the-pewerplant power house.

ptimum combination of-abrasien-resistant design features to reduce thenmpact of
e concentration should be considered and selected for each site based on its s
ons, taking the economic impact for the lifetime of the powerplant-into account.

eneral rule for the design, the area exposed to the abrasive(water should be ag
sible. Discontinuities and sharp transitions or direction change of the flow shoul
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riSTmportant—Seeafso Ctause6:

Because corrosion would increase the hydro-abrasive erosion rate, stainless steel is the
preferred selection. Weldable stainless steel materials are preferred.

In case coatings resistant to hydro-abrasive erosion are not applied in the beginning, it is
recommended to make a hydraulic and mechanical component design where such coatings
can easily be applied at a later stage.

Labyrinth seals made of aluminium bronze have in general lower resistance against hydro-
abrasive erosion than stainless steel. There are also examples with relative good behaviour of
labyrinth seals made of aluminium bronze.
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4.3 Stainless steel overlays

Stainless steel welded overlays with sufficient thickness may be used instead of solid

stainless steel components, if-the—abrasion—area—is—not-toolarge the cost of the overlay

welding is lower than the cost of solid stainless steel components.

4.4  Water conveyance system

An important consideration for the water conveyance system is to remove as many particles
as possible already before they enter the high velocity zones in the machinery.

Large reservoirs may he very useful for this purpose Often a very large amount of particles
can be removed from the water. The negative side of this is that reservoirs can fil_up fast.
This Will have the result that more and more particles and also larger ones wil\ea¢h the
intake| and pass through the turbine. Sedimentation can be reduced by differeit mefthods,
even if it cannot be completely prevented. Possibilities are extensive flushing an@ also using a
bypasp channel/tunnel during the high flood season to divert the highest particle laden|water
aroungl the reservoir downstream of the hydro power plant. Maintaining’'tHe active sforage
capac|ty of reservoirs is one possibility of keeping also the turbine gperation and the |repair
costs felatively constant.

If a large reservoir is not available, sand traps (also called, desilting basins/ chanlbers),
possiljly with preceding gravel traps and other facilities to exchdde mainly coarse sedinfent at
intakep may be built. It appears that the minimum parti€le size that can be removed by
desHtihg-chambers-is-te these structures is in the order@f 0,1 mm to 0,3 mm unless thje cost
and size of the structures becomes prohibitive. The detailed design of desilting chamBers is
outside the scope of this document.

It is aJ]so important that any transient conditiofis that the powerplant may experience flo not
disturl) the sand in sand traps, or other places where sand may accumulate, so thgt it is
drawn| into the turbine. Therefore, the design of sand traps should also consider pdssible
transig¢nt conditions.

Even gmall amounts of large particles, such as stones, can cause severe damage sincg they
may njot be able to pass the turhine until they have been crushed into smaller pieces. This is
due t¢ the centrifugal force\in the rotating water between runner and guide vaned It is
therefpre important that tunnels and penstocks are clean and tidy at initial startup and after
maintg¢nance work. At thecend of unlined tunnels, rock traps should be provided and dgposits
should periodically bg'remmoved

Due tp generally<low velocity the water conveyance system itself seldom sees significant
abrasien hydro-abrasive erosion damage and normal coating paint on the steel structyres of
the syptemris. usually enough to protect it.

4.5 ‘v’a:vc

45.1 General

If hydro-abrasive erosion is expected, as a general rule all mechanical disturbances in the
flow are subject to high hydro-abrasive erosion attack. Therefore the choice between butterfly
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valve and spherical valve should be discussed by customer and supplier because the sealing
disc of a butterfly valve is continuously exposed to the abrasive water flow.

The shape of the housing around the sealing of the rotor or disc shall be smooth without
sharp edges and big changes in the flow direction.

In case of several units on a single penstock and with a spherical valve or a butterfly-biplane
valve as inlet valve, it is preferable to have a maintenance seal in addition to the service seal.
This will make it possible to do maintenance of the downstream seal while the other units are
in service.

A ring|gate Is a special type of valve and similar considerations apply to the ring gate\ahd the
main iplet valve.

4.5.2 Protection (closing) of the gap between housing and trunnion

The afrea between trunnion and housing is especially susceptible for hydro-abrasivg—wear
erosion. Since the transition of the trunnion to the rotor is one of the highly stressed argas of
the inJet valves this area has to be especially protected. Completely stainless or wWelded
stainlgss overlay protected trunnions are recommended.—Fhroudghya—pre-labyrinth Several
design can be proposed, as an example, the transitions can b€ protected against the|direct
attack|of hydro-abrasive-particles erosion by a pre-labyrinth (sé€€igure 3).

IEC

Figure 3 — Example of protection of transition area

4.5.3 Stops located outside the valve

In hydro-abrasive erosion conditions, it is recommended that stops, which limit the argle of
rotatign\ofthe rotor, are placed outside of the flow in the servomotor or adjacent to the lgver.

4.5.4 Proper capacity of inlet valve operator

Normally inlet valves (rotors) will be opened or closed with an approximately balanced
pressure (eg. 100:75) that is established by the bypass or the movable sealing rings.

If excessive—abrasion hydro-abrasive erosion occurs at the guide vanes, the differential
pressure for the closing or opening of the inlet valve may be bigger than allowed or fixed in
the layout. It is therefore recommended that the design takes into account a higher differential
pressure for opening or closing. If the inlet valve is designhed as an emergency shutoff valve it
may already be able to open against a higher differential pressure.
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4.5.5 Increase bypass size to allow higher guide vane leakage

As already mentioned in 4.5.4 above, due to the excessive-abrasion hydro-abrasive erosion at
the guide vanes the leakage water flow-will may increase to such an extent, that the balance
water flow through the bypass of the inlet valve is not sufficient to achieve the pressure
balance between the inlet pipe and spiral casing.

It is therefore recommended to increase the capacity of the bypass system.

4.5.6 Bypass system design

It is recommended to use an external bypass system instead of an internal one
PA 7

4.6 |Turbine
46.1 General

These| guidelines do not include details such as hydraulic profile shapes“which shotild be
determined by the hydraulic design experts for a given site.

4.6.2 Hydraulic design
4.6.2.1 Selection of type of machine

It is aplvantageous to select a type of machine that hasi ow relative water velocity, that can
easily| be serviced and that can easily be coated-with—abrasion hydro-abrasive efosion
resistant coatings. Some general guidelines are as follows:

e in[the choice between a vertical shaft Kaplan-and a Bulb, the Kaplan will normally have
lower relative velocity (see Figure 1)\The serviceability and ease of coat|ng is
approximately equal between the two;

e in|the choice between a Kaplan and a Francis, the Francis will normally have|lower
relptive velocity. On the other hand, the Kaplan runner has better access for agplying
abfasion hydro-abrasive erosion-resistant coatings. The serviceability is approximately
equal between the two;

e in the choice between a Francis and a Pelton the Francis will normally have lower r¢lative
mgximum velocity, which leads to less hydro-abrasive erosion in the Francis tyrbine.
Hgwever, the parts7inva Pelton turbine that are subject to the relative maximum vglocity
(i.¢. the needle tips;and seat rings) are small and have better access for applying-abfasion
registant coatings: The Pelton turbine is also easier to service.

4.6.2.2 Specific speed

For the same plant lower specific speed machines are normally bigger and have lower|water
velocities.in the runner outlet. However, the water velocities are not lower in the guide [vanes
and inThe runner Inlet. For Kaplan, Bulb and low head Francis turbines, most of the-abrasion
hydro-abrasive erosion damage will be in the runner so the specific speed is important. For
high head Francis turbines much of the-abrasien hydro-abrasive erosion damage will be in the
guide vane apparatus, so the specific speed is not so important.

For Pelton turbines, the relative water velocity does not depend on the specific speed.
However, a lower number of jets is beneficial for a Pelton turbine since the buckets will be
larger which in turn gives less water acceleration in the buckets and thus less-abrasion hydro-

abrasive erosion damage. A lower number of jets-willautematicallyresult-ina-lower specific

speed also reduces the time that each bucket is filled with water.
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4.6.2.3 Variable speed

Even though variable speed machines are not frequent, they are less prone to cavitation,
even under a wide head range operation. Due to this characteristic, the variable speed
machine may better resist-particle-abrasion hydro-abrasive erosion.

4.6.2.4 Turbine submergence

Cavitation and-abrasion—will hydro-abrasive erosion may mutually reinforce each other. For
this reason it is recommended that the turbine submergence is higher for plants where
abrasion hydro-abrasive erosion is expected.

4.6.2.% Runner blade overhang

During the refurbishment of a Francis turbine-wheel-itis- sometimes-necessary-to-signiflcantly
increaise-the-turbine-output, the turbine output is sometimes significantly increased. One way
to do [this is to extend the runner band inside the draft tube cone, in orderito increage the
blade |area and therefore improve the cavitation performance, see Figure4. Howeveyr, this
creates additional turbulence at the entrance of the draft tube cone that will increase| metal
removial if particles are present in the water. A secondary effect of the-overhanging blades is
to crepte a lower pressure zone downstream of the runner band'seal, thus creating higher
seal lpakage and more—particle—abrasion hydro-abrasive erosion at the band seal. [These
negative effects are always present if a runner is designed witloverhang.

Existing draft tube Iine]

Figure 4 — Runner blade overhang in refurbishment project

IEC

4.6.2.6 Thicker runner blades-and-guide-vanes

Increased runner blade thickness, particularly at the outflow edge, gives some extra margin
before the removal of material on the runner blades becomes critical for the structural integrity
of the runner. Designing a thicker blade should be done with care. A thicker blade may reduce
the turbine efficiency and increase the risk for issues with von Karman vortices. Also, the risk
of“meouse-ear’cavitation—{ cavitation damage on the runner band, downstream of the blade
may increase (see Figure 5). In this context, it can be mentioned that-abrasien hydro-abrasive
erosion resistant coatings may provide a means to design thin profiles with only a marginal
increase in the thickness due to the coating.
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4.6.2.Y Guide vane overhang

When|guide vane overhang exists, the area underneath the guide vane will experiencg high
turbulgnce and high~recirculation and—particle—abrasier hydro-abrasive erosion mpy be
significant in thatyregion. The high turbulence may also influence the runner inlet at the|band.
It is rgcommended to make the overhang as small as possible.

4.6.3 Mechanical design

4.6.3.1 General

If-abrasien hydro-abrasive erosion is expected and the turbine type is defined, not only the
hydraulic design but also the mechanical design can take some precautions to reduce the
abrasien hydro-abrasive erosion rate and to allow easy maintenance or replacement of the
abraded eroded parts. In this subclause some features are mentioned.

If a special coating is foreseen, the design of the coated parts shall allow the-type-ef coating
application.
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The following subclauses are divided into direct measures to reduce-abrasien hydro-abrasive
erosion and measures to allow an easy maintenance to dismantle the abraded components.

4.6.3.2 Direct measures to reduce-abrasion hydro-abrasive erosion or increase
lifetime under abrasive attack

4.6.3.2.1 Guide vane seals
There are three different types of seals: end seals, seals between the inlet and trailing edge

of-the two neighbouring guide vanes, and seals between the trunnion of the guide vane and
turbine head cover and bottom ring.

End sgeals may be provided in the end faces of the guide vanes. This type of seal is efiective
in all pperation modes. Another type of end seal is located in the adjacent headcovér and
bottom ring. This type of seal is only effective if the guide vane is closed. Bothiseal|types
reduc¢ the leakage water flow through the small end gaps and reduce the-material-abfasion
hydrojabrasive erosion of the adjacent components. However, the seals.themselvgs are
subjedt to attack by-abrasien hydro-abrasive erosion and the lifetime ofith€se seals may be
limited.

The uge of guide vane end seals to avoid-abrasien hydro-abrasiye erosion is only reasonable,
if the peal lifetime extends over the time between overhaul or4f itVis possible to replacg them
easily] With seals located in the head cover and bottom ring, r€placement is easier thgn with
seals |n the guide vane ends.

Seals |between the inlet and trailing edge of the guide”vane will reduce the leakage [of the
closed distributor. The principle here is the sameas for the end seals. This type of geal is
effective when the unit is closed without a closed*inlet valve.

Figurd 6 shows one example of seals between the guide vane trunnion and head cover and
bottom ring. These seals reduce the leakage water in open as well as in closed position|of the
guide |vanes and have a positive effect on the—abrasion hydro-abrasive erosion rat¢. The
material of the seal rings should be&_ solid-wearresistant-stainless steel with relatively high
resistgnce to hydro-abrasive erosién or coated stainless steel.

A

IEC

Figure 6 —Detailed Example of design of guide vane trunnion seals
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All seals should have a stainless steel or a-wear hydro-abrasive erosion resistant coating
counterpart.

A more effective method for reducing leakage at standstill is prestressing the guide vanes in
closed position. In addition, the trailing edge could be manufactured in a cambered shape, to
compensate for the guide vane deformation under pressure, that results in a closed gap-even
with the headwater pressure acting on the closed guide vanes.

4.6.3.2.2 Location of runner seals

The right location of the labyrinth rings in Francis turbines could also reduce the abrasive
attackrepr-thetabyrirth-rirgs—CoHeetingabrasireparteles—infrentof-thetabyrnrth—+irgsand an

increalse in particle concentration should be avoided.

For medium and high specific speed turbines, the labyrinth rings could preferably be Ipcated
directly at the transition between the head cover and bottom ring and the~outer rim [of the
runnef crown or band. This could help to avoid collecting particles in front df|the labyrinths.

If, dug to this position of the labyrinth rings, unbalanced axial forces occur, this sHall be
compeénsated in the layout of the balancing pipes or thrust bearing.

4.6.3.2.3 Protection of concrete with longer steel lining

In normal operating conditions, without abrasive particlés, a steel lining or other additional
protegtion should be provided if the flow velocity is higher than 6 m/s to 7 m/s. If the|water
contaips abrasive particles the protection should be extended to protect the concrete spurface
againgt—abrasien hydro-abrasive erosion. In thisycase, the limit of the flow velogity is
recommended to be 4 m/s to 5 m/s.

4.6.3.2.4 Shiaft seal with clean sealing water

Shaft peals_in units which are operated with water which contains abrasive particles have to
be fed ‘with clean sealing water. It should be avoided that the contact surface or wgaring
surface comes Into contact with abrasive particles.

The water has to be cleaned by applicable filters or cyclones which can sometimes be a
challenge.

A standstill seal is recommended to protect the seal at standstill against the ingression of
water containing abrasive particles. If no standstill seal is provided and the tailwater pressure
is acting on the shaft seal, the shaft seal should be fed with clean sealing water also during
standstill.

The shaft seal should also be easy to replace without having to dismantle other parts.
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4.6.3.2.5 Facing plates on the head cover and bottom ring

Facing plates on the head cover and bottom ring at the ends of the guide vanes are effective
to reduce hydro-abrasive-wear erosmn They are fixed on the head cover and bottom ring and
are removable.

increase-the protection-

If the expected-abrasion-wear hydro-abrasive erosion is high and if the accessibility allows it,
and the facing plates have to be changed often, it is recommended to fix the facing plates with
bolts from the dry side of the head cover or bottom ring. The bolts have to be sealed
accordingly.

Bolted from the
dry side

—

é

|
|
|
|
|
\
| Head cover
|
|
|
|
|

1 Rénner

|
1

IO

Water passage — / ‘ \
Facing ¢late

Figure 7 — Example of fixing of facing plates from the dry side (bolt to the left

IEC

Normally the facing plates are bolted torthe head cover or bottom ring with stainlesy steel
bolts from the water side. The bolt heads have to be machined flush with the surface |of the
facing|plates and a gap should be avaoided. Changing this type of facing plate takes morg time
than ghanging the facing plates from the dry side and is also more complicated if the [facing
plates|are coated. Please referto’Figure 7. If coated facing plates are used the bolting $hould
be from the dry side.

Accorgling to the expected-wear hydro-abrasive erosion rate an alternative is possible. Instead
of removable facing plates a stainless steel overlay may also be used. If the guide vanps are
large @nough to access the stainless steel overlay the repair could also be done in situ.

4.6.3.2.6 Stainless steel overlay in-threatrings runner chambers

In Kaplan,and tubular turbines, it is recommended that the runner chamber is |either
comp?WM%%@é—mMm will

increase the lifetime of the runner chamber. The repair of any-abraded eroded surface can be
done by a new welded stainless steel overlay, welding on of stainless steel tiles or a thermal
spray coating.

4.6.3.2.7 Stainless steel overlay-irareas-adjacent-torunnerband-and-crown on head

cover and bottom ring

Also the water exposed surfaces of the head covers and bottom rings are subject to hydro-
abrasive erosion. Applying a stainless steel overlay or stainless steel protection plates is
recommended-in—areas—of Francis—turbinesbehind-the runnercrown—or-band, especially in
areas of discontinuities or flow changes. Repair of-abraded stainless steel overlay can be
done by new welded stainless steel overlay, welding on stainless steel tiles or a thermal spray
coating.
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4.6.3.2.8 Increase of wall thickness

Increasing the wall thickness is one of the methods to increase the time between the
overhauls of a component due to-abrasien hydro-abrasive erosion. Increasing the thickness of
hydraulic components such as runner blades, is discussed in 4.6.2.6.

For structural components, which do not influence the efficiency, the wall thickness can be
increased in critical areas to avoid early failure of the component due to higher stresses.
Typical components are guide vane trunnions, increased wall thickness at discontinuities in
head covers, bottom rings, guide vanes and stay vanes.

One i i i : u i ir-embedded i gially if
presst pes are
particlilarly subject to strong abrasive attack due to sudden changes in water flow dirgction.
Therefore these pipes should have increased wall thickness, and pipe bends with a dreater
radius|should be used. Please see Figure 8 for typical balancing pipes.

When|such balancing pipes are used, they should also be designed for<low water vdlocity,
taking| into account any increased leakage of the labyrinth seals. It_Mmay be reasonable that
the total area of the balancing pipes is at least three times the. Glearance area of worn
labyrith seals. It is, of course, also possible to accomplish the-balancing with holes|in the
runnefr instead of separate balancing pipes.

IEC

Figure 8 — Head cover balancing pipes with bends

4.6.3.2.9 Thrust bearing

In Francis turbines, the axial thrust may depend on the amount of leakage over the labyrinth
seals and therefore the clearance of the labyrinth seals. If-particle—abrasien hydro-abrasive
erosion is present, the thrust bearing may be designed to handle additional load so that the
unit can be operated with some-wear hydro-abrasive erosion of the labyrinth seals.

4.6.3.3 Design concepts to allow easy maintenance or replacement
4.6.3.3.1 General

If the components are damaged by-abrasien hydro-abrasive erosion and have to be replaced,
it is very important that the replacement or repair can be carried out quickly and easily to
reduce downtime and operation interruption. This should already be taken into consideration
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during the concept stage of planning of the powerplant and the design has to take this into
account.

4.6.3.3.2 Component removal

The main components which have to be replaced or dismantled for repair in Francis turbines
are the runner, the guide vanes, the labyrinth seals and the facing plates. The removal of the
runner and lower cover from the bottom enables a quick dismantling without removing the
generator, operating mechanism and headcover.

If, for

“dismag

specific reasons, the dismantling from the bottom of the unit is not possible, a
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B.3 Appropriate design for coating

erably improved through appropriate-abrasiendydro-abrasive erosion resistant c(
Ktension of the service life of a coated component which can be achieved deper
|| factors, for example:

mponent and turbine type;

ad and discharge;

rticle concentration and composition;

v conditions around the component.

ion. Depending upen the intensity of cavitation, the coating may be locally des
v after a brief period:

llowing main\eomponents, classified according to the type of turbine, can-at-pres]
ered for_€oeating, either fully or partially according to the present status of techn

Specific coating schemes should be decided based on the necessity for—abrasion
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Ve ergsion protection, accessibility and economy:
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e Runner

labyrinth seals

if possible the entire flow-tunnel channel. If access for coating is difficult the coated

areas may be limited-to-therunner-bladeoutletandrunner-blade-inlet to the s
side of runner outlet, the band and runner inlet. Note that the part limiting the F
runner lifetime is normally the runner blade pressure side

runner crown and band

e Guide vanes — complete blade, trunnion seal rings

e Headcover — labyrinth seals, facing plates

e Bo

ttom ring — labyrinth seals, facing plates

uction
rancis
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Pelton turbine:

e Runner — internal surface of the bucket, except root area if—NBT—inspeetion non-
destructive testing is required
e Needle tip

e Nozzle Seatring
o Nogzzle -head-{(beak)

e No

zzle housing

flector (if used for long time)

e De
Kapla|
e R
e R

e GU

e [3

The a
subjed
ring,
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The ¢
into ¢
tolera

and guliide vanes.

The rq
edges
recom
techng

4.6.3.

In general, stainless 'steel is recommended-as-smat-damages-to-thecoating-willresult

Je¥etddets
consid
cavita]

dt head greater than 1 000 m, the expansion of the seat ring can lead to cracks

, propeller and bulb turbines:

nner blades

nner hub (in extreme cases)

ide vanes (in extreme cases)

cing plates (in extreme cases)

pplication of thermal spray should be carefully consideréd for components, whi
ted to greater expansions conditioned by their function. In the case of a-nezzH

g and thus the failure of the component.

pating layer thickness and the tolerance of the coating layer thickness should be
bnsideration in all the components, whose function places high requirements or
nces. This is, for example, the case forlabyrinth seals, as well as between facing

bsidual stresses in thermal spray layers may lead to chipping off and cracks at
or pointed corners. For example for thermal spray coatings, the radius on the ed

lon—and—ahbrasion—with-stainless—steel. However, the use of carbon steel can a
ered for~8conomic reasons (with possible increased risk of corrosion;—abrasig
Hion adhesion failure).

ch are
b seat
in the

taken
strict
plates

sharp
ges is

mended to be minimum.0;5 " mm and in corners minimum 1 mm at present status of
logy.
B.4 Exceptiopaluse of carbon steel as base material

so be
n and

4.6.3.

B 5 Accessibility for thermal spray coating

A m|n|mum space |s requwed for the apphcatlon of a thermal spray coatmg lh%%%heuid

m—whe%e—pamal—eea%mg—may—be—the—eﬁw—ﬁeas@e—se%m% Hydraullc and mechanlcal de3|gn

should consider the limitation for accessibility for thermal spray coating.

Step-tabyrinths Finger labyrinths have small space between the fingers thus special solutions
may be adopted such as concentrically split seals. For—straight step labyrinths
recommended could be an advantage to use a straight gap or to optimize the shape of the
step regarding accessibility for thermal spray coating. However, this may influence the sealing
performance of the labyrinth. See Figure 9 below.

it—is
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5

5.1

The fdllowing actions are recommended for consideration during.operation of the units.

120°

Figure 9 — Step labyrinth with optimized shape for hardcoating

Operation and maintenance

Operation

Shiut-down-the-units—at-higherparticleconcentrationdperiods. Temporal shut down |of the

unjts and closure of the intakes in periods of high«€dncentrations and/or coarse palticles.
Thie switch-off concentration is typically above™ g/l or several 10 g/l. The swijch-off
copcentration results from a site-specific ee@nomic optimization, typically basged on
opgration and maintenance records. This_may prevent excessive—wear hydro-abrasive
ergsion on the unit for a small amount of production loss. This strategy can be parti¢ularly
usgful for run of river schemes, where a significant variation in particle concentratign can
octur in a short time. It is recommended to install an early warning system to measyre the
upptream particle concentration manually or automatically, and to stop the unit befdre the
wdter with large particle concentration reaches the intake.

In case water with high particte'concentration has been standing in the penstock for a long
time, particles may deposit at the bottom of the penstock. It may then be difficult tq open
the inlet valve. In this cas€ it may be possible to inject compressed air, through a qpecial
system, and open the.penstock drainage valve to flush out particles immediately in ffont of
the inlet valve. In_thig case it is important to analyse the possible consequences o main
gafes, if any, due\td large amount of air into the penstock.

Mihimize thesamount of debris passing through unit. Large solid items, for example logs,
gravel (larger than 2 mm), etc. may damage the hydraulic surfaces and any-—abfasion
hyfiro-aprasive erosion resistant coatings. Damage to hydraulic surfaces may increase the
turbulence of the flow, which will, in turn, increase the-abrasien hydro-abrasive efosion
damage. This is especially important for high head Francis and Pelton units, singe the
water velocities are very high and these units rely on smooth hydraulic surfaces to keep
the turbulence low.

Do not operate the unit in case the-abrasien hydro-abrasive erosion damage jeopardizes
the safety of operation. As the-abrasion hydro-abrasive erosion damage progresses the
unit will eventually become unsafe to operate. This could for example be due to the seal
leakage increasing so much that the axial thrust exceeds allowable limits or that the
remaining material thickness of some component falls below acceptable minimum
thickness. Regular inspections of critical components should be made at least every year
and inspection results compared to predefined acceptance criteria and with the results of
the latest and earlier inspections.

For Pelton turbines the best ratio of produced electricity to hydro-abrasive-wear erosion is
at full opening of one or more nozzles. Contrary to other turbine types, Pelton turbines
allow for reducing the—wear hydro-abrasive erosion with reduced load by fully closing
individual nozzles, if allowed by the mechanical design of the turbine.
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e For Pelton turbines leakage flow through closed nozzles may cause severe locally
concentrated hydro-abrasive erosion in seat rings. Closing the upstream spherical valves
at standstill avoids this problem. In severe conditions it can be favourable to avoid
operation of some nozzles while others are closed (operation restriction at part load)

e For other types of turbines the best ratio of produced electricity to hydro-abrasive wear
erosion is obtained at the largest opening. Avoid no load or low load operation as much as
possible. No load and low load operation are the worst operating conditions with respect
to-abrasien hydro-abrasive erosion for most components and turbine types.

o Close-inletvalve-atshutdownWith-a For Francis turbines at standstill and the water shut
off only by the guide vanes, the water leaking past the guide vane clearances will have
very high velocity, close to the free spouting velocity. This will cause-abrasion-wear hydro-
abrasive erosion in the guide vane apparatus. By closing the inlet valve this—abfasion
hyfiro-abrasive erosion is eliminated. Closing the inlet valve is especially important for
high head units.

e Hagrdcoatings are very sensitive to cavitation. Thus, in machines with sueh” coatinjgs all
opgrating conditions that lead to cavitation should be avoided:

— | Strictly stick to the recommended operating range for the turbine;
— | Pelton turbines: Watch for good condition of the interior)surface of the nozzle,
including nozzle tip and seat and for proper alignment.

See comment in Clause 7 regarding cavitation requirements.

5.2 |Spares and regular inspections

o Keep additional spares in stock for parts subject/to—abrasien hydro-abrasive erosjon. In
cape of severe-abrasion hydro-abrasive erosionna complete set of exchangeable paits (for
expmple guide vanes, facing plates or head cevers, bottom rings and runner) may bge kept
angd exchanged at regular intervals. The~parts taken out can then be repaired without
influence on the downtime.

e Ingpect critical components at least<once per year and compare inspection resuylts to
preédefined acceptance criteria and*to the results of the latest and earlier inspegtions.
Keep adequate records of the*amount of-abrasien hydro-abrasive erosion damape for
each component. It is recommended that the depth of maximum metal loss be megsured
anfd recorded together with pictures of each component subject to-abrasion hydro-abfrasive
ergsion damage. Please.se¢ also Annex B.

5.3 |Particle samplingyand monitoring

It is inportant to_keep permanent records of the concentration and properties of abfrasive
particles in the water. Water samples can be taken at predetermined intervals and analylsed in
a labgratory. In jaddition, several types of-eguipment instruments for continuous monitofing of
the pdrticlesconcentration-in—the—water have become available, but the accuracy for pjarticle
conceptration measurements under site conditions is very low. They can be used for making
operafionvdecisions to avoid periods with extreme high particle concentrations. If it is[to be
used for this purpose the measuring station should be carefully selected to give sufficient
warning to stop the unit before the high particle concentration reaches the intake.

It is important to distinguish between the particletead concentration in the river and the
particle-tead concentration in the water that passes the turbine. At many sites, especially if
there is a large reservoir, there can be a significant difference between the two. This can in
some cases make it necessary to install two different sampling systems.
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Figure 10 — Sample plot of particle concentration versus time

In the low particle concentration period, where there are only small absolute variations in the
concentration, the sampling can be done once per day or week.

In the high particle concentration period the sampling has to be done with a frequency
between 1 h and 6 h, depending on the concentration difference between consecutive
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measurements. The final interval should be selected so that at least three measuring points
are defining each peak of particle concentration.

If historical data on particle properties is already available a calculation for the sampling
interval is given in Annex E. Please see also Annex C for further information.

For the measurement of shape, hardness and size, it is recommended to take at least one
sample per month for the first year of operation. If the variation of the K, qness: Kshape and
Ksize IS less than 10 % the sampling interval can be doubled after the first year. If the variation
of the Ky ardness' Kshape @Nd Kgi,e is more than 20 % the sampling interval should be halved as
soon as this variation is detected.

It is allso recommended to keep continuous records of operating parameters of each unil[. At a
minimpm the following parameters should be recorded:
e oufput;

e digcharge (if available);

e hyfraulic specific energy (or head);

o tailwater level elevation (TWL);

e gujde vane angle or servomotor stroke;

e rumpner blade angle (if applicable);

e number of nozzles in operation (for Pelton units);

e wdgter pressure on the head cover (for Francis_units).This gives an indication of thg-wear
hyfiro-abrasive erosion of the labyrinths;

o didcharge of the headcover balancing pipés (if applicable). This can give an indication
abput the wear of the labyrinth seals;

e ax|al thrust (if applicable or available):

It shquld be possible _to, Telate the operating parameters to the records of pparticle
conceptration and parnfigle properties. This information can be used to correlate with the
obseryed damages.

Vibratjon and pQise could also be an indication for hydro-abrasive erosion.

6 Aprasibnresistantmaterials Materials with high resistance to hydro-abrfasive
er

osian
TTOTT

6.1 Guidelines concerning relative-abrasion hydro-abrasive erosion resistance of
materials including-ab+rasien hydro-abrasive erosion resistant coatings

6.1.1 General
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Several comparative tests of materials against hydro-abrasive erosion have been performed.
It is however, difficult to compare the results of different tests to each other. The results can
therefore be confusing. It was chosen not to report any such tests in this document.

In addition to the-wear resistance-index against hydro-abrasive erosion several other factors
should be considered when selecting-an-abrasien a hydro-abrasive erosion resistant coating,
such gs:

e how easy it is to apply the coating;
e how easy it is to remove-and/orrepair the coating;

e ho thick is the coating layer. A thick layer of a material with a lower-wea¥ hydro-abfrasive
ergsion resistance index may have longer lifetime than a very thin layer'of a materiql with
a high-wear hydro-abrasive erosion resistance index;

e thg dimensional tolerance of the coating;

e hov easy it is to remove the coating.
6.1.2 Discussion and conclusions

Proteqtion of hydro power plant equipment by using-abfasionresistant materials-er-abyasion
with high resistance to hydro-abrasive erosion or hydro-abrasive erosion resistant coatings
can often increase the lifetime between major overhauls.

At prgsent, the most common-abrasion hydig*abrasive erosion resistant coating matgrial in
hydradilic machines is thermal sprayed tungsten carbide-held-in-a-matrix-ef cobalt chrgmium,
WC-CpCr. Sometimes also various typesZof polymer coatings (sometimes referred to ap “soft
coatinps") are used.

The thermal spray coating, often(referred to as “hardcoating”, can be applied to most-abfasion
hydro{abrasive erosion prone components. One important exception is small and medium size
Francis runners, where it cannot be applied to certain surfaces due to access limitationg. This
coating shows very good=abrasion hydro-abrasive erosion resistance, if applied properly. It is
worth |to note that substantial variations in—abrasien hydro-abrasive erosion resistan¢e are
presemt between different thermal spray versions. This is due to variations in plowder
compasition, envifenmental conditions during application and spray parameters.
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Sometimes polymer coatings may also be an option, but only on surfaces not requiring tight
tolerances. These coatings, if used, are therefore restricted to water passages in Francis and
Kaplan turbines.

Stainless steel facing plates or stainless steel overlay welds can increase the hydro-abrasive

erosio

n resistance compared to carbon steel. It is common to protect, for example, carbon

steel head covers and bottom rings with stainless steel at sensitive locations. The hydro-
abrasive erosion resistance of stainless steel is far from the level of thermal spray or polymer
coating. Abraded stainless steel facing plates are relatively easy and quick to replace. Further
improvement in hydro-abrasive erosion resistance is achieved by special hard overlay weld
electrodes, such as Co-Cr-C alloys.

Other
hydro

6.2

6.2.1
1) OV

2) Rg
[ ]
[ ]

6.2.2

Proteq

coating materials different from those reported in this clause have been app‘ied to
turbine components, but are less common.

Guidelines concerning maintainability of-abrasien hydro-abrasivecerosion
resistant coating materials

Definition of terms used in this subclause

erhaul: Restoration of entire part to the original geometry ‘@and quality level indluding
btoration-ef new protective coating.

pair: Localized treatment of parts at worn areas to the¢ollowing extent:
Repair A: Improve hydraulic shape just by grinding;

Repair B: Restore hydraulic shape by welding.and grinding;

Repair C: Re-apply coating on prepared surface, after-pessiblerepair A or B.

Time between overhaul for protectjve’coatings

tive coatings that have been depaosited onto part surfaces will also be subject tQ-wear

{abrasive erosion but at a considerably lower rate than the underlying steel. After a

period of operation the coating will be worn—eut off and the underlying stegl will
. From this moment on, thewear hydro-abrasive erosion progresses at a higher rpte on

of the hydraulic profilef-Suech
a a 8 d d op on-u 3 ! pection takes place. In-$evere
casesia drop of power may be observed which should be taken as an alert foralvisual
spegtion- At a certain_stage of damage, the owner has to stop the production and r¢place
the wqrn parts by new ‘ar/overhauled ones.

eX

vel of-wear fiydro-abrasive erosion at which the overhaul is necessary is basically the
as for unprotected hydraulic parts and given by the following points:

so0n)as safe operation is no longer possible, the overhaul has to be carried out: for

ample, when the wall thickness of a part is reduced to a level where mechanical-s{abiity

in
to

Egrity of the part can no fonger be assured and Njury 1o peoplie or substantial damage
the entire turbine is possible.

2) Provided safety is still—intaet ensured, the economical optimum interval between

ov
.
.

These

erhaul/repairs has to be found. Delaying the overhaul/repair will result in

additional risk for unplanned stops and related production loss;

reduced efficiency;

increased overhaul cost and overhaul time because of accelerated base-material loss.

items should be balanced against the cost of the overhaul / repair.

Proper planning of repair and overhaul will help the owner to avoid unplanned stops and thus

optimi

ze production. Before the powerplant is built the optimum time between overhaul may
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be estimated using-the-wear a model cited in 3.1 or 3.2-and-the-data-in-Clause 5-considering
: . in ol L : b . .

Once the plant has been operated for some time a more refined estimate can be made
considering-additional-data—suech-as previous experience.
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6.2.3

In order to achieve best quality it is reco

dedicd
and a

ited spe

During

extend the tim

it fronmp the turbine.

Maintenanee Repair of protective coag'\@s

curate access to all areas of the p\

. Qﬁ' .

5 in a
, safe

r@ghded to execute overhauls and repair
cessary equipment and the space for clear

cialized workshop with the

)

short standstill periods in—smg'epairs of types A and B may be envisaged in onder to

e between overhab - In-situ repair means treating the part without withd

awing

Hways

possiy - In~some cases (mainly horizontal Pelton) also an in-situ repair of
the cqating should be discussed as it might be feasible and could be the best sojution.
Extreme care should b en to protect all relevant parts (including generator) from thg dust,
e.g. by suitable venti@lon during the works. Please see also Table 2.

In cade of re S the amount of damage and the necessity of welding and heat tregtment
plays p significant role in the decision if the repair of the coating can be done on-site. |f only
grindi ut welding or only minor welding repairs are necessary, re-applying the clpating

g
may b & on-site with mobile equipment.

On-site reappl

ication of hard coating may be done for fully coated Francis runners or Pelton

runners. For these components the amount of damage is in most cases very small compared
to the whole coated area.

Table 2 — Overview over the feasibility for repair C on site

Coating type

Feasibility Remarks

Hardcoating

Possible, but poor quality Poor bond strength on remaining coating. Poor operator

safety if manual spray in narrow spaces (e.g. in Francis).

Polymer coating

Possible Clean and humidity controlled environment necessary to

achieve good quality.

Weld overlays

Possible for easily
accessible locations

Pre-heating may be required. No stress relief heat treatment
possible and thus, for certain alloys, risk of cracking.
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In-situ repairs of type B and C are particularly recommended for Pelton runners in order to
reduce unwanted flow turbulence due to—abrasion hydro-abrasive erosion induced shape

changes of the cuttlng edge and the |nlet edges %ﬂddttlen—a%peetat%hauenge%e#et&s%ﬁth

7 Guidelines on insertions into specifications

7.1

General

This clause presents a recommended approach which owners could and should take to
ensure that specifications communicate the need for particular attention to different aspects

such
establ

the manufacturers.

Cavitg
explai
are

{abrasive erosion is expected. lh&eah,—fe#exarﬁpm—meamthat#e#&%&

shing criteria which cannot be satisfied because the means are beyond the. co

tion and—abrasien hydro-abrasive erosion may mutually reinforgeJeach oth
ned in 4.6.2.4. Also some popular—abrasien hydro-abrasive erosion resistant co
ore sensitive to cavitation damage than stainless steel. For this reason,
mended that more stringent cavitation requirements are used for-plants where-ab

submeraence and the runner desi

as machine type, hydraulic design, mechanical design, etc. at their sites \r/]/tithout
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If\
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this- This can, for example mean that S|gma
at the plant should be operated accordingly.

reseen philosophy for overhaul and repair./ ' replacement of abraded parts sho
unicated. A suggestion for how to define criteria for overhauls is in Annex-G F. Th

Clause 4) should be specified. It s\ important to communicate clearly the d3
es expected to pass through the.turbine (which may be different from the parti
er) at different periods of the year and the corresponding operating conditions
It shall be possible to calculate PL based on this data. The following tables
mended format. The time~periods in the tables should be chosen to give the
entative picture of the particle contents and operation. Special attention should b
ods with high particle.concentration.

pecification should/require the supplier to provide a report, based on the data pr
specification.~Fhe report should estimate the expected hydro-abrasive erosi
ance with~the guidelines in this document, and estimate the-FBOS required ov,
| and oyerhaul scope for safe operation of the unit.

dre-aPrasive erosion guarantee is agreed between the owner and the turbine supy

should

=+ O
® O 7

=]
(9]
5
—

ild be
e time
atures
ta on
les in
of the
are a
most
e paid

pvided
on, in
Erhaul

lier, it

spécify the PL that is guaranteed between overhauls, based on some agreed ov

erhaul

criteria. Also the recording needed to measure the actual PL and how this data should be
communicated between the parties shall be agreed.
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Properties of particles going through the turbine
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Table 3 — Form for properties of particles going through the turbine
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In column “Period” select the appropriate inferval.

a

Refer to Annex D for further details.

b
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Annex A

(informative)

PL calculation example

This annex gives an example of how to calculate PL. In order to illustrate the process we
consider only a short time duration and a small number of particle measurements.

Assume that we have a turbine that started operation on May 5 at 22 h and stopped on May
10 at 15 h. During this time 8 water samples were taken and analyzed for particle

conceptration—One—of the samples—was—in—addition—analyzed for particle—size—and rticle
hardness. The particles had similar shapes as in Figure D.1 b). The results were as-shpwn in
Table |A.1.
Table A.1 — Example of documenting sample tests
1D Date, Event Particle concentration Particle size, dPg, Fraction harder than
Time Mohs-rumbpr
3 hardness > 4,5
kg/m mm
%
0 May 5, Start - - -
22:00 turbine
1 May 6, Sample 4,5 - -
06:00 taken
2 May 6, Sample 4,9 - -
10:30 taken
3 May 7, Sample 4,7 - -
04:30 taken
4 May 7, Sample 4.1 - -
16:30 taken
5 May 8, Sample 3,8 - -
08:00 taken
6 May 9, Sample 4.4 0,069 73
01:00 taken
7 May 9, Sample 4,6 - R
14:00 taken
8 May 10, Sample 4,9 - -
00:30 taken
9 May 10, Stop - - -
15:00 turbine
The fommula-to-calculate PL with - discrete Qamplﬂ: s

where
C
K

n

size

K

shape =

Khardness

N
PL= ZCn X Ksize,n X Kshape,n X Khardness,n ><Ts,n

n=1

is the particle concentration in kg/m3 for each sample;

is the same numerical value as the median particle size, dPgg, in mm. Since only
one sample was analysed for particle size we use this value for all samples;

1,5, see Annex D (only the shape of the abrasive particles is relevant);

is the same numerical value as the fraction of particles harder than Mohs 4,5. For
components in 13Cr4Ni stainless steel this will be the hardness of the steel on the
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Mohs scale. Note that the value should be the fraction, not the number of percent.
Since only one sample was analyzed for particle hardness we use this value for
all samples;

is the time interval to consider for each sample. For n = 1 we use the time from

turbine start until half the time between the first and second sample. Likewise, for

n = 8 we use the time from half the time between the seventh and eigth sample
until turbine stop. For n = 2 to n = 7 we use the time from half the time between

samples (n - 1) and n to half the time between samples n and (n + 1);

is the number of samples = 8.

On the basis of this data we can now establish the following Table A.2.

Table A.2 — Example of documenting sample results

n Ch Ksize.n Kshape,n Khardness,n Tsn PL,
kg/m?3 h kg x him3
1 4,5 0,069 1,5 0,73 10,25 3,48
2 4,9 0,069 1,5 0,73 12,25 4,14
3 4,7 0,069 1,5 0,73 15 5,33
4 4,1 0,069 1,5 0,73 13,75 4,24
5 3,8 0,069 1,5 0,73 16,25 4,67
6 4,4 0,069 1,5 0,73 15 4,99
7 4,6 0,069 1,5 0,73 11,75 4,08
8 4,9 0,069 1,5 0,73 19,75 7,34
Total 113 38,2
This gshows that during the 113 h .of operation this turbine was exposed to a|PL =
38,28 kg x h/m3.
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Annex B
(informative)

Measuring and recording-abrasten hydro-abrasive erosion damages

B.1 Recording-abrasten hydro-abrasive erosion damage

The following is a guideline to measure the—wear hydro-abrasive erosion of the individual

parts of machines.

The dloal of this guideline is to get reliable results of the hydro-abrasive erosion\r|
differgnt power plants in such a way that the measurement is always the same so, tha
can b¢ compared to each other. Based on this hydro-abrasive erosion damage, togethé
measurements of the particle load, the goal is to get reliable predictions of safe Operatic
inspegtion intervals for the future.

During an inspection of the parts, it is important to gather as much dnformation as pd

ate of
t they
br with
n and

ssible

and the following should give a guideline for the minimum requirements during an inspection

for hy@iro-abrasive erosion damages.

In general, parts should be marked so that they can easily be identified before
photographed. The project name, blade / bucket number, ‘date of inspection and num
operating hours should be written on the component. /nthe case of a picture series (6
buckels of a runner) this information should be written” at least on the first bucket a
other puckets have to be numbered. In this case the, pictures should be named in such
that a|series can be identified. The pictures should'be taken electronically with at least
5 megfapixel camera, so that details can be seet:

For each component a log book should be*made, starting with its commissioning and ¢
with ifs disposal. The following items.should be noted in the log book and be poss
correlate with the operating parameténs:

e pajt number (individual nuniber stamped into the part, e.g. runner number). This
clgarly identify the part during its operation and to avoid mix-up of earlier collected d
e daje of commissioningjincluding the meter reading of the total unit operating hours;

o dale of inspection; including the meter reading-irspection of the total unit operating
anfd the status of thie part after inspection, for example

— | continuedin-operation,
— | extracted for repair,

— | extracted for standby,

being
ber of
.g. all
nd the
a way
with a

ending
ble to

is to
hta;

hours

zt. taclf P~ H [l
- CALFALITuU TUT Utopuodrl,

- etc.,

e observations and measurements made during inspection, in accordance with the following
clauses.

It can be noted that declining maximum output may indicate progressing hydro-ab
erosion damage.

rasive
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B.2 Pelton runner without coating

At first, photos of all buckets should be taken in such a way that both halves can be seen.
Camera position shall be-in above the centre of the bucket. Sketches of the hydro-abrasive
erosion damages or any other noticeable features like impact damages of stones should be
made in parallel, marking certain features on the bucket and photographing them.

The bucket number has to be seen in every photo. In addition, the first bucket should have the
following information: project, hours, date of inspection.

At least four buckets, randomly selected, have to be examined as described below:

— Magasure the bucket-wear hydro-abrasive erosion from original profile by using ten‘lplates
at minimum 5 points per half bucket and at least 3 locations (front, middle, ba€k)."The gap
befween runner and template has to be measured and also a sketch ©f, the gection
shpwing the measured points should be made.

— While the template is being held in the bucket, photos should be taken so that the gap
befween template and bucket can be seen and a ruler should be held in such a way that
the dimensions of the gap can also be seen. This should be at least done for one bucket,
e.g. the one with the highest hydro-abrasive erosion rate.

— Thle splitter width on top has to be measured at the position-of the 3 templates. Additional
phptos to show special features should also be taken with aruler held next to the feptures
to see the dimensions.

B.3 | Needle tip and mouth piece without coating

Photo$ should be taken in closed needle tip pasition to see any gaps between needle tjp and
seat ring; use ruler to document dimensions @S described earlier for the runner.

If the pieces are disassembled, individual’/photos of parts should be taken. In both casg¢s any
defects should be photographed indiyidually.

If possgible a measurement of the.Jeakage with closed injectors should also be noted in the log
book.

Visualize Photos shouldybe taken to give an overview of parts (if taken apart) and in ¢losed

positign to see gaps(between the parts.-Hpossible,ameasurement-of- the leakage shopld-be
dents

B.4 | Peltentunner with hardcoating

All bugkets have to be photographed. The procedure is the same as for uncoated runneis with
the following exceptions:

Templates are not needed for the—wear hydro-abrasive erosion measurement as in most
cases there is enough coating left so that the original contour is still visible. It is thus
advisable, to map major defects and make individual depth measurements along with pictures
of typical local defects.

If the coating on the splitter edge has been completely eroded measurement of the splitter
width should also be made.

B.5 Needle tip, seat ring and nozzle housing with coating

The procedure is the same as for uncoated runners with the following exceptions:
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Measurement of areas where coating failed with a sketch, a depth measurement and photos
should be included. The transition from coated to uncoated areas should be photographed
and-eventual possible height of steps as well as-eventual possible width of gaps between the
seat ring and nozzle housing should be recorded-in-the-leg-book.

B.6 Francis runner and stationary labyrinth without coating

The measurement of the hydro-abrasive erosion should be done as follows:

1) the trailing edge thickness should be measured at 8 points equally spaced over the length
of the trailing edge. This should be recorded together with a sketch with exact location
dejscriptions;

al: a' Nna am 3
adiaoe with ) oln

al¥ alVi¥ia no d-be mesa

2) the-thickness hydro-abrasive erosion depth of the blade at the transition to the band|at the
entrance edge should be measured.

At leapt three blades should be measured e.g. the most worn, the least worn and an aJerage
blade.

In addition to the overview photos, close-up photos of areas with hydro-abrasive erogion-in
with a|sketch of the location of photos should be supplied, in“the report. At least all aregds with
major [damages have to be photographed. The transitign,'area band-blade and the blad¢ near
the bgnd is where the highest-abrasion hydro-abrasive ‘erosion usually occurs and shopuld be
given ppecial attention. A mirror could be helpful e.g>at the pressure side of the outlet.

On argas of major hydro-abrasive erosion damage the depth-ef-eresion should be measured
and photos taken to see how it was measured. A description of the measurement technique
should be given.

In the| dismantled condition—phetos of-the-wheole—runner, the complete outside of the funner

and the rotary and stationary-;labyrinth, as well as overview and details shodld be
photographed and recorded in-Sketches.

The gap between theSrunner and the—bettem facing plates should be measured and
photographed.

B.7 |Francisitunner with coating and stationary labyrinth

For all blades a sketch should be made of the areas with damaged coating with location-ef-the

damages and sizes of the areas-arereported.

The depth of the eroded areas on the blades should be measured and the maximum values
should be recorded. The method of the measurement (e.g. with curved ruler/template) should
be explained, if possible with a sketch. Photos of the measurements should also be included.
Detailed pictures where more information is gained may be added.
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If the coating is-gene eroded away at the trailing edge: see measurements for Francis without
coating.

The gap between the runner and the—bettem facing plates should be measured and
photographed.

B.8 Guide vanes and facing plates without coating

Overview photos and detail photos should be taken and their location indicated in a sketch.

If therzmrwmmm—wmwtrmmﬁymrmm show
damages may be taken.

If refdrence points still exist the—abrasien hydro-abrasive erosion measurements on [facing
platesi-maximum) consist of measuring the biggest gaps between guide_vanes and [facing
plates|at minimum 4 vanes.

An—adf#ienai simple indication of the-abrasion hydro-abrasive erosior’ damage to the|guide
vane @pparatus consists of measuring the spiral case pressure at standstill with closed|guide
vanes|and MIV closed but open maln |nlet valve bypass#awe Jh%heﬁld%measuedas
often—a @

measuemem—teek—plaee ThIS may be Iogged automatlcally durlng normal MIV of
together with HWL, TWL, date and time.

An additional indication can also be logged by recqrding the time it takes for the turljine to
stop gfter a shutdown with the MIV open. The hydpo-abrasive erosion in the guide vangs will
cause|leakage in the guide vanes when they gre fully closed. This will cause the unit fo use
longern time to stop when shutting down.

B.9 | Guide vanes and facing plates with coating

Overv|ew photos and detail photos should be taken and the location marked in a sketch| Each
guide vane should be photographed and all damages recorded together with a sketch stjowing
the exfact location and extent of each damage.

The depth of hydro-abrasive erosion for every case of damage should be measured apd the
maximum value foreeach case recorded. The way of measuring should be explained and some

photo$ given (e.g.~curved ruler, template).-Fhe-vanes-should-be-labelled-as-explained{above
for thg blades-of a Francis runner.

Detailf

B.10 Stay vanes

Hydro-abrasive erosion is normally not an issue on the stay vanes due to lower velocities.
However, failure of stay vanes can have dramatic consequences and stay vanes should also
be inspected regularly. No particular inspection records for the stay vanes are included in this
clause, but a simple note stating if damage has occurred or not, together with pictures, is
recommended.

If hydro-abrasive erosion has occurred the thickness should be measured using templates of
the stay vane geometry. If the stay vane thickness is reduced by 20 % or more, the stay vane
should be checked by carrying out a stress analysis.
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B.11 Francis labyrinth seals uncoated

It is recommended to carry out measurement of the leakage flow rate from the upper seal (if
possible) once a week in the wet season and once a month in the dry season.

B.12 Kaplan uncoated
The measurement of the hydro-abrasive erosion should be done as follows:

The trailing edge thickness should be measured at 5 points equally spaced over the length of
the trailing edge. This should be recorded together with a skeich with exact Jdcation
descriptions.

At leagt three arbitrarily selected blades have to be inspected.

A report with several kinds of photos should be made. In addition to the.“overview photos,
photos$ of areas with hydro-abrasive erosion with a sketch showing~the location of photos
should be supplied in the report. At least all areas with major-wea# hydro-abrasive efosion
have to be photographed.

On argas of major hydro-abrasive erosion damage the depthi.ofhydro-abrasive erosion $hould
be mpasured and photos taken to see how it was measured. A description ¢f the
measyrement technique should be given.

Additipnally the gaps between the outer diameter ofithe blade and the discharge ring hpve to
be dog¢umented.

B.13 [ Kaplan coated

For all blades a sketch/should be made of the areas with damaged coating with locationjef-the

damagdies and sizes\of the areas-arereported.

The depth efthe eroded areas on the blades should be measured and the maximum values
should be'recorded. The method of the measurement (e.g. with curved ruler/template) $hould
be explained, if possible with a sketch. Photos of the measurement should also be incjuded.
Detailed pictures where more information 1s gained may be added.

If the coating is—gene completely eroded at the trailing edge: see measurements for Kaplan
without coating.

Additionally the gap between the outer diameter of the blade and the discharge ring should be
documented.

B.14 Sample data sheets

The data sheets for recording—abrasion hydro-abrasive erosion damage—shal should
necessarily be specific to each project, taking into account the specific design of the unit, the
actual-abrasien hydro-abrasive erosion pattern and what measurements are easily accessible.
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If possible the records should directly show the-abrasien hydro-abrasive erosion depth of the
parts in mm. Sometimes this is not possible since there is no convenient undamaged surface
to use as a reference to measure from. In such cases other measurements can be taken from
which—abrasien hydro-abrasive erosion depth can be calculated with help from the turbine
design drawings. Sketches that explain the measurements should be included in the data
sheets.

Hydraulic machines often contain several design elements with multiple components of
exactly the same shape. Examples are runner blades and guide vanes. As explained above
the—abrasion hydro-abrasive erosion depth and location in the turbine of several individual
components should be recorded in such cases. It is normal for the-abrasien hydro-abrasive
erosi dppfh to vary qignifirnnfly hetween the individual components

The—gbrasion hydro-abrasive erosion depth on the same component usuallysvaries with
locatign on the component. It is recommended to record—abrasien hydro-abrasive efosion
depth|in a few typical locations on the component. In each location the maximum-abfasien
hydro{abrasive erosion depth should be considered.

Enclos$ed below, are a set of sample data sheets for recording damage-in a high head Hrancis
turbing and a Pelton runner, see Tables B.1 to B.11. The data-sheets may need|to be
modified to fit the actual damage and component shape. Inspection records shoyld be
suitable for the areas with maximum-abrasien hydro-abrasiye’ erosion and areas thgt may
affectthe safe operation of the unit.
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B.15 Inspection record, runner blade inlet

Table B.1 — Inspection record, runner blade inlet form

Plant

Unit Nb

Date

Sign

Hub

Band

IEC

Blade number

Hub erosion depth, D,

Band erosion depth, D,

1

O || N[l |bd]wW]|N

ey
()

[
[

-
N

=
w

[N
N

=
(&)]

=
(o]

[y
~
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B.16 Inspection record, runner blade outlet

Table B.2 — Inspection record, runner blade outlet form

Plant Unit number Date Sign

N S

IEC

Blade number Thickness at hub, T, Thickness\at middle, T Thickness at band, T,

1

Ol (N[O |d]jlw|DN

=
o

[N
[N

=
N

=
w

RS
p

H
q1

-
]

17

NOTE Template locations T, T
templates.

m and T, can be taken at the same locations as existing runner blade
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B.17 Inspection record, runner band

Table B.3 — Inspection record, runner band form

Plant Unit number Date Sign

J
T
- L IEC
Measuring point Thickness, T
1
2
3
4
NOTE| Measuringyoints are 90° apart.



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019

- 52 —

B.18 Inspection record, guide vanes
Table B.4 — Inspection record, guide vanes form
Plant Unit number Date Sign
S4
T
Hi = j {\
ST — — —
Downstream side Upstream side
g
] T -
M —— ff]
IEC
Guide vane number Face towards Faeetowards Face around Guide vandg top
head cover, B1 S1 bottom cover, B2 bottom stem, B3 stem, B4 |54
S2 S3

1
2
3
4
5
6
7
8
9
10
tt
12
13
14
15
16
17
18
19
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B.19 Inspection record, facing plates and covers
Table B.5 — Inspection record, facing plates and covers form
Plant Unit number Date Sign
I
Head cover
' Y -
‘ \\\
o> :A R - ~_ Facing plate
%3
IEC
Meashpring point | Upper facing plate, Head cover, —B, Lower facing plate, Lower covef, B,
number B Sty Scu By Sy S|
1
2
3
4
NOTE|1l Deis S and S, are only measured in case there is no more facing plate material remaining.
NOTE|2 Measuring points are 90% apart.
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B.20 Inspection record, upper stationary seal
Table B.6 — Inspection record, upper stationary seal form
Plant Unit number Date Sign
F1
T R
/,_lEC
Location 1 Location 2 Location 3 Location
Figjger 1, F1
Finger 2, F2
NOTE| Measuring points are 90° apart.
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B.21 Inspection record, upper rotating seal
Table B.7 — Inspection record, upper rotating seal form
Plant Unit number Date Sign
LN
| F1 ] _| F3
_| F2
IEC
Location 1 Location 2 Location 3 Location| 4
Finger 1, F1
Finger 2, F2
Finger 3, F3
NOTE| Measuring points are 90° apart.



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019

— 56 —

B.22 Inspection record, lower stationary seal
Table B.8 — Inspection record, lower stationary seal form
Plant Unit number Date Sign
N\
N\
IEC
Lecation 1 Location 2 Location 3 Location

Strface 1, S1
Syirface 2, S2
Syirface 3, $3
Stirface-4,"54
Syirface 5, S5

Surface 6, S6

NOTE Measuring points are 90° apart.
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B.23 Inspection record, lower rotating seal
Table B.9 — Inspection record, lower rotating seal form
Plant Unit number Date Sign
S3 _
b S5
S6
- > IEC
Location 1 Location 2 Location 3 Location
Sufface 1, S1
Sufface(2,,52
Sufface’3, S3

Surface 4, S4

Surface 5, S5

Surface 6, S6

NOTE Measuring points are 90° apart.
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B.24 Inspection record, runner bucket

— 58 —

Table B.10 — Inspection record, runner bucket

Plant

Unit number

Date

Sign

B

AYAN

B,

ip B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11

113

1/3

1/3

1/1

IEC

Tempilate'gap

Bucklet
numier

6

10

11

Ol (Nl | Bd]J]W]DN

=
o

[any
=

=
N

=
w

[any
i

=
(&)]

=
[e]

=
~

=
[ee]

=
©

N
o

N
=

N
N
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B.25 Inspection record, Pelton runner splitter

Table B.11 — Inspection record, Pelton runner splitter

Plant Unit number Date Sign

AR

[ = "
W o

Bugket number Tl T2 Ah

1

Ol (N[l | |[wWw]|DN

=
o

—_
=

(9
N,

=
w

=
N

=
)]

=
(o]

[any
~

=
[ee]
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N
o
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Annex C
(informative)

Monitoring of particle concentration and properties
and water sampling procedure

C.1 General

Q<<

Sampling in connection with hydro turbine mstallandQs can be divided in two distinct ghases

with d|fferent requirements as follows.
s\o

Phasd 1. Sampling in natural rivers to esUma%Qs e amount and properties of particles passing
future| installations. The result of this sa ng can be used to plan various stratedies to
minim|ze abrasion, such as desilting ba@l s, abrasion resistant coatings, turbine selg¢ction,
mainteénance intervals, etc.

\O
Phasg 2. Sampling in existing dro turbine installations to document the amourjt and
propefties of particles actual ssing the hydro turbine unit. The result of this sampling can
be used to evaluate the effectiveness of various strategies to reduce abrasion damaggq, plan
overhqul and maintena etc. In particular, concentration measurements can be used for
operafional decisions @: as temporary turbine shut-offs during floods.

O

The HBest Way@H ecordlng particle concentration is a “continuous” online measurement
system, so th concentration changes can be seen in great detail and used for {urther
calculgtion me commercial automatic systems are available, but there is still littlp field
experien ith these. Such online measurement systems are strongly recommended| to be
calibrat efore use with the future range of particles (size, shape concentration, ¢olour,
etc.) trat witt dblually pass lllb‘ Measurcerierit Systelll. 1t Ib [JIEIEIIEU L0 UsSt dLLUdI beu ments
from the river for this calibration. The measured concentration should be checked at least
once per week during high discharge season and once per month during low discharge
season. This check should be done against a manual filtration measurement (see Annex D).

If the measurement is not done “continuously”, the measurement frequency depends on the
change of particle concentration over time as explained in Annex E.

C.2 Sampling before building a power station

Several publications and manuals describe the procedures. See for example [22].
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The sampling should be done at least over 2 years, preferably longer. It is important to
measure the particle concentration. Data on the river’s sediment load are less meaningful for
turbine hydro-abrasive erosion.

When using the sampling results to estimate the amount of particles that will pass a hydro
turbine, several additional factors need to be taken into account.

e bedload should not enter the water conveyance system of the hydro turbine;

e if a reservoir is planned, the geometry of the reservoir and the discharge of the river will
influence the sedimentation in the reservoir. To estimate particle retention in reservoirs is
very complicated and should be performed by specialists;

e (e

The a
power

C.3

Water
prepa

o dré
Other
e in
thd
e in

If the
water
to flus

To ay

continpous flow in the water

would

cC4

sander, if planned, has to be taken into account. A

bove points should also be taken into account when measuring upstream oQa'n e
plant for the purpose of getting an early warning of very high particle co&%ntratio

P

Sampling in existing power stations (bb‘
>

sampling during this phase is relatively easy, if means @ sampling are pf
ed during the construction of the facility. Suitable sampling_locations are

hft tube cone, for example at the inspection man dooro\
possible locations are QQ
the water conveyance system downstream the desander to control the efficie

desander;
%]

failrace channel for Pelton turbines. \‘S\

sampling is intermittent and water@';a@not flowing continuously, it is important to

run for a suitable time (not Iessﬂn\an 2 min) before collecting the sample. This in

h away any accumulated sedh@nt in, or in the vicinity of, the sampling system pip
O

oid misinterpretation, gg\\s advisable not to take any samples unless therg
nveyance system. Such samples could be misleading &

be influenced by t@in’ternal particle settling in the water conveyance system.

Logging @\wmples

Itis importa@ document the procedure for taking the samples and include it into the r

Physid

O

Kisting
n.

operly

hcy of

et the
order

ing.

is a
5 they

bport.

mples should be collected in suitable containers (e.g. bottles) and imme

liately

labelled. A Ttecord should be established which clearly rdentiiies the tume and location of
taking the sample. Sketches and pictures are useful for good understanding of sampling
locations.
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D.1

Annex D
(informative)

Procedures for analysis of particle concentration,
size, hardness and shape

General

The analysis of the-abrasive particles in the water going through the turbine should include all

parameters, which are necessary to evaluate the hydro-abrasive erosion action the particles
in the lwater can have on the turbine parts. The particle analysis should include:

— particle concentration;

— particle size distribution;

— miperalogical composition-efsediment;

— pafticle geometry;

— fralction of organic matter, if applicable.

D.2 [Particle concentration

Particle concentration is non-dissolved particles in the water.-Particle-contentshould-belgiven
in—kglm3. For the definition refer to 2.2.8. It may be analysed in accordancg with
ISO 4865:2005.

D.3 |[Particle size distribution

As different particle sizes have different.behaviour in the flow of water this also has an impact
on thgir type of damage on the turbine-parts. Due to this particle size distributions shopld be
madetregutarly with adequate intefvals. Also here the method of measurement shotild be
given with the data.

Siavin ic a nnnd wav to datarmina th articla ciza dictrihution whan th nronortion oft emall
Sievi co—geadme e doton the-particle-size-distribution-whe SEemeEtey S

The p
(>0,0

b3/ mm) sieving is a good way. The small particle fraction (< 0,05 mm) has

articte\size distribution has to be done in two steps. For the large particle fijaction

to be

analyd

et Wwith laser granulometry

Sievin

D.4

g is described in ISO 4365:2005.

Mineralogical composition-efthe particles

The mineral composition should be done by X-ray diffraction (XRD) of a representative
sample of the particles. If the grain size distribution is very wide,-Using the different particle
size fractions from the particle size distribution should be used for an analysis of each fraction
should-be-made to determine the mineralogical composition, as due to the different hardness
of minerals the impact on hydro-abrasive erosion differs considerably. A petrographic analysis

is not

enough as the inaccuracy may be too high.
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D.5 Particle geometry

Microscope pictures of the different fractions should be taken and added to the report so that
the form of typical particles can be seen. The aim is to see if either rounded particles or
particles with sharp edges mainly are present in the sediment.

The following Figure D.1 gives three typical examples of such images, designated rounded,

sub-angular and angular from top to bottom.-Please-note-thatthe-magnificationis—not-the
same-in-each-picture: Pictures should be chosen in such a way that a representative choice of

particles can be clearly seen.
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200 pm

a) Rounded particle geometry, KShape =1 (1/

200 pm

<z$:. IEC

N\
b)CSubanguIar particle geometry, K

=15

shape

c) Angular particle geometry, KShape =2

Figure D.1 — Typical examples of particle geometry


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

— 65 —

IEC 62364:2019 RLV © IEC 2019

Regulation valve \ '

Sand feeding unit

Over flow

Mixing device

F

Flow

Cl ]

Feeding pump

(%) [¢)]
()} (4]
o <
2
A ‘&b
@ =
P : R 5
o+ &
. L oL =
i & ; 8
ee 9 5
& = )
Y o g =
T oL . %
-~
o
S :
q Mm <)
of 5 N k
5 99 o \_
< B JL — xew
) (@) 005 ¢¢ = u
FI .
T 9 o
) M_.u e
T @ o
D Q ®
1] @D
D — w”
> ¢
D @
20 <
- = T
(@) Q .mM o
£ < o
S @
©) d MW . |nw mv
©) d N o] )
s P2 & : £
T i . o Q
e o Q
o) = © 2]
il a mW [ONN
5 = -l S
D oL —
b F O & .
cb IR T
$ 2
O Nt 3 QM
5 P
y n. ® &
@ -
§ & 289¢ ¢
D P | Y
o) Pnl <
: L33 ¢
< d .- m” (mW
S 248 9 . 2
@] r dy @D - T * C +
@) F ~ L Y @
I 1.3 ;
d ©)
g 5 i)



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

— 66 —

IEC 62364:2019 RLV © IEC 2019

7

macc

TcoY

Q> us

Wearresistance | Wearresistance

\(</O

Brand

Overlay weld | Cavitec Castolin

Overlay-weld |  Stellite 6

Overlay weld | Nicrobor 60

e e e T i et B e

dad to the surface of the snedimaens

e

tCot g opPToithio arcpPootionTU—arorg Ty ahi— O Ty it oo S orta S

atube continuoushs dalivars narticles with hiagh <

CO ot T—our Tt o thTopPCQmitciTo

tar the throuahnut of 2 certai

ray!

=Y

an imnact anale The loss of weiaht is measur

eIt T oughputr ora corttan

T Tooo T vwvCigrit o rcasu

T & OOy u\\vauul FCoToTATT eI O T/A Wit U pPtc A S tr—at

58

W\

&

Chrinfum-oxide

B

Weeper

Weepher

ES3—Fest2

At thid tact ria  chnecimens are nositioned alonao the innnrf&all of a evliindrical contaiher A

Yty

rotati

oty to g T oot ouoTty GCve o paracico vt gt

at a3 a

cnoadlaof 115 mlic wara nead Tahla E 2 chawe thaZWwaar racictanca inday with dunlay ctaal ot

ara gy o irpactarygres
SPCTCOr oo o WweTCuoT U

tmpihgementangle (%)

e

STEELITFE6

WegEoCr
NHCH



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

- 67—

IEC 62364:2019 RLV © IEC 2019

613

Brand

¢ @
&
DI ¥
R
1«
g8
T P
d &
i @
2
g 4
HEbE 38
HW ()}
P =
E
o 2
»
& @
&+
3 s 7
o)
@ &
o =+
3
£2
o
”Mu 1S 5
42
g
>
& ¥
e .
o P
a
o)
o @
IU WI
> B
o3P
RRTE
w
¢ D
+ &
: o O
=+
3 o
R -
W
_ &2
o T
o9
Lo Imu
Pa)
T
)
T o®
L
h
)
-
@
2§ Ww
H o



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019

~—

e

o

|

-
e

COUpuUn

e
&S

stainldss steel reference counon
StaHHgsSS—Steerretrerehce—Ccoupon:

o U
T0
>
h 2
1]
= b
@ b
D
T O
B
b
X3
XD m W
AR EIEIRIR AR IR IEI R R
€% P -
< 7
B Iﬂu
eny .mW .
=+ €L
) B
oL D d
¢ 9 m m g g
= B d
29 3
> (. ~
> o "
Ig
x
0\3 Nex
e
iR
+E
L L
en) . .
£ 9 g
i :
q
P ()
o T K
& o
© < O
» H XIN\
@ \Q\
i 0
s ‘
©® y
p [7
@
) J
) = d
(0] \ m
¢ ¢
® 3
%)
»
eny
£
®
d
q
q
—I



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019 - 70—



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019 -71-

[~
|
_\>,/_J‘w

h il i

=
= -
T

BN R N R R R R

B oMoM oMo Mmoo N

Key
) )

{2) Reservoir {5)-Motor

(3)-Slurry-pump B e



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

—72 —

IEC 62364:2019 RLV © IEC 2019

with
WHHR

ottt O

AR AA"A3

oo TvV e

to- 05 mm to 025 mm ner 1

RN
0\3
(@74
)
: . E
.
N

A
[
q
+
q
3

liter of

toO—att ot

oarpPicoarc—oubjeottu

Pt

T H—to— o5 20—t

to—5o

THeaHo—Ot

=y
combohnent-bart of

oHatt
tHat o GO P oIt

veirtroat

the
mto—the casina(5) from- dervice

o—oCtCurco—ont

tHat

&

hen-stand-is inuse the holder that is o

v e H—otarttd—ro oot —tte—11oratt

cHed

Ny
\)

counledwith enagine cshafi=
\u\\nlifh flowinawater antering

o—TrCcanZzCco Iy TP
it
tHe uluu“‘“w vt o g vy ot O St e g ot e Sa o g (91 ot

rotatroit

[/ —eraergo

ot opPTtU— U

e

LRAY I

e

oty ot

=Y vvvu tTCOot—oarpPrco—artct

eaual

cooadt

Mass lrotation—is realized bhv imnnnﬁao (2 that ic cacured on—the vertical shaft hv means of

VoS

bath- M) underao-the auenchim

STCCVYJ—Couprcd— Wit chigrmic—oTrt

clapyv

gatht

Eigur E 10 dﬁ\alo tact camnlas aftar tecstina on-the riao The rotational sneed of ahrasivae

rguty



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019 - 73—

Over flow

Supply water
of cooling

bl
oL 10
Polymercoating Paintbrush 15
Polymercoating Paintbrush Belzona (elastomer) 2,3
Polymercoating Paintbrush Metalyne-580 2t
Polymercoating el R 32
Hard surface Filling Belzona {super-metal) Lk
ALO +THO, S e e e 1.6
Ni+Cr+B+Si Plasma-spraying L7
Plasma-spraying Meteoloy-2 3.4
Ni+W+Ce Plasma-spraying 42



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

mn) ac
tha
the

ooVt Taocit
Hot—oaH s

cCacT ot g o oTToyvri o

g oo e

<

The Miae ratatac incide a culindar filled with cilthladan

tHe—oHrercrtcasut

— 74 —

FESEHSCFotatesHhsSiaeacyHhaes
Mmle 2 niacac of campnle for each matarial is csho

T, & PTCTCo O oarptc 1ot

Ty

cIoGCHico ot

.

mece-the cireumferential \lhl'lwr\ifinc of the different measurina-noints _are not-same

3 rotatina-dise tuyne taest facilitv
bHce—thre—ceHeuintrerentat

aTotathiTy gioT ty ptteot1act

-

(correknondina to 23 to 4 kinds of mata

IEC 62364:2019 RLV © IEC 2019
{correpponding-to3-to-4kinds-ot-ma

E10{Test 9

Thic |
This—i4
radi-



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

- 75—

IEC 62364:2019 RLV © IEC 2019

Figure E.11 — Cover of disc
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Annex E
(informative)

Frequency of sediment sampling

In the case where the PL measurement procedure is based on discrete samples, and not
continuous monitoring, the issue of the time interval between two samples will soon arise.
Measurement intervals should be small enough to capture all significant fluctuations in
concentration of particles with a minimum threshold of inaccuracy. The duration of the
sampling interval can be different in periods of high particle concentration and periods of low

concentration. A rule of thumb estimate of a reasonable sample interval is:

Ts=0,01 xPL / PL

year max

As a gractical example this formula could give the following sample intervaIsQ'\

e “Hlgh particle” period:
- 3 (bQ)

PLYear = 85 kg x h/m (1/

PL}.. = 0,12 kg/m3 ©

then: \<(/O

=0,01 x85/0,12 h = 8 h for “high particle” period 6\

TS
e “lUow particle” period: Q
P ear = 85 kg x h/m3 \\Q
P} ., = 0,002 5 kg/m3 QO
. Z
thegn: \\S\
T4|- 0,01 x 85/0,0025 =340 h= 14 d@s for “low particle” period

N\
For piactical reasons, it is recommi.i?}ed to use the following sampling intervals; on
nce every two weeks and once per month. Seld

hour, pnce per day, once per weeky>
next Igwer interval compared tO,\ calculation.

sample per month for
Ksize ip l€ss than 10 9
of the| K, 4rdness: %ﬁ\pe and Kg;,o is more than 20 % the sampling interval can

soon as this varj is detected.

O
D
\<</Q

irst year of operation. If the variation of the Ky 4ness: Ksha

For the measurement of shape, hardness and size, it is recommended to take at lea
&{( sampling interval can be doubled after the first year. If the va

~

be hal

e per
ct the

5t one
e and
Fiation
ed as
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Annex F
(informative)

Typical criteria to determine overhaul time due
to-abrasten hydro-abrasive erosion

F.1 | General \\

The optimum time to overhaul a unit is norm@lly determined by economic criteria. |t is a
combipation of many factors specific to ea$ werplant such as
1) th¢ cost of reduced efficiency, 4\6

2) th
3) th
4) thé convenient time of yeaufor overhaul,

5) etg. @

As anfultimate techn@ imit, a situation where it is no longer safe to operate the unit njay be

considered.
A

Following ar Q)me typical criteria that may be used. It is emphasized that the powgrplant
operafor willhgain a lot of experience of how their particular unit functions and what|is the

optimal haul interval in their particular case. The list below only serves as a first outlline of
possi !ﬂ\nvorhau! critoria

b cost of the overhaul, \O

b increased risk of unavail ity,
\@h y

The criteria have been divided in criteria that can be observed while the unit is in operation
and criteria that require internal inspection of the unit.

F.2  Parameters which are observable while the unit is in operation

1) The efficiency has deteriorated to an extent that it is economically beneficial to restore the
unit to its design efficiency. To determine the reduction in efficiency some sort of
efficiency test is required. Since only the relative efficiency decrease needs to be
measured some simple system based on Winter Kennedy flow measurement or
permanently installed ultrasonic flowmeter may be used instead of complete efficiency
tests per IEC 60041. Another possibility is continuous efficiency monitoring based on
operation data.
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2)

3)

4)

5)

6)

7)

F.3

1)

2)
3)
4)

Items [1) to 3) above refer to l—(l:‘cpmms turbines, while item 4) refers to all types of turbineg.

Reduction of output at some defined opening. Note, however, that the discharge for the
same opening may change as a result of hydro-abrasive erosion. This method should
therefore be used only after some further experience is gained about the correlation
between the measured output and corresponding hydro-abrasive damage.

If the turbine design incorporates balancing pipes from the head cover a very good
indication of labyrinth seal hydro-abrasive erosion is the water discharge in the balancing
pipes. This may then be used as a criterion for overhaul.

The axial thrust can also be an indication of labyrinth seal hydro-abrasive erosion, even
though it is less accurate than the discharge in the balancing pipes. It should be combined
with experience about the correlation between the measured axial thrust and
corresponding hydro-abrasive erosion damage before being used as a criterion for
overhaul.

THe time it takes for the unit to stop, or alternatively the steady state speedait seqiches,
affer the guide vanes are closed and the inlet valve kept open. This co&) es [to the
hydro-abrasive erosion of the guide vanes and covers.

THe spiral case pressure with closed inlet valve and open bypass Th orrelates |to the
hydro-abrasive erosion of the guide vanes and covers.

Wear of main shaft seal may bear correlation with the hydro- ab?al( e erosion of thp unit,
although this depends on the shaft seal design. This crlterlorﬁg ould therefore bg used
only after some further experience is gained about the cor |on between the seal] wear
and corresponding hydro-abrasive damage. S\\

Criteria that require internal inspection ob{he unit

THickness of runner blade outlet is abraded m ghan two thirds (for large turbineq) or is
completely abraded (for small turbines). NQ\@ hat a reduction of blade thicknegs will
refluce the strength of the blade and tha blade crack would of course override any
blade thickness measurement. \

Fdcing plates, of head cover and bottofr*ring completely abraded.
Clgarance of runner labyrinth seaIS\N} more than doubled.

Fgr components coated with h ’&% abrasive erosion resistant coating, the area of cpating
refnoved exceeds 5 % to 10\@ f the total coated area.
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Annex G
(informative)

Example to calculate-theameuntoferosioninthefull-model the
hydro-abrasive erosion depth

Assuming a Francis unit with the following main data:

n =300 rpm
P =255 MW
H=428m

D=R$=2507m

The ajm is to calculate the expected hydro-abrasive erosion depth for the guidevanes,

plates

The basic formula for calculating-abrasien hydro-abrasive erosion depth is

The fi

Accor
Wr
44
w

g

Accor

Accor

Guide
Facing
Runng

Runnqg

S = W34 x PL x K, X K¢ / RSP
st step is to calculate the characteristic velocities. The’specific speed for this unit|is

ng = n x P05/ H1.25 = 300 x 255 0Q0Y5 / 428125 = 77,8

ling to Figure 1:

3 m/s
, = 0,55 x (2 xgxH)%5=0,55x (2 x 9,81 x 428)0:5 = 50,4 m/s

ling to-3-% 1.1 K,,, for martensitic stainless steel is 1.

ling to-3-2 Table 1 K; and p for the various components are as follows:

vanes: K; = 1,06.x/10°6, p = 0,25
plates: K; ='0,86 x 105, p = 0,25
rinlet: Kp=0,90 x 1076, p = 0,25
r oytlet " K; = 0,54 x 1076, p = 0,75

Labyri

nthseals: K; = 0,38 x 106, p = 0,75

For the guide vanes the-tetal-wear hydro-abrasive erosion depth is thus

S=W34xPL xK, x K¢/ RSP = 50,434 x 38,28 x 1 x 1,06 x 10°6/2,5070:25 = 20 mm

For the other components, calculations are shown in Table G.1 below.

facing
runner inlet, runner outlet and labyrinth seals that is caused by the Pk as calculated in
Annex A, i.e. PL = 38,28. The parts are all manufactured from martensiticistainless steel.

|, = (0,25 + 0,003 x ng) x (2 x g x H)%5 = (0,25 + 0,003 x 77,8) X (2 x 9,81 x 428)0:5 =
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Table G.1 — Calculations

Component w PL Kn K; p S
mm

Guide vanes 50,4 3,84 1 1,06 x 10°° 0,25 20
Facing plates 50,4 3,84 1 0,86 x 1076 0,25 16
Runner inlet 50,4 3,84 1 0,90 x 106 0,25 17
Runner outlet 44,3 3,84 1 0,54 x 106 0,75 6,5
Labyrinth seals 44,3 3,84 1 0,38 x 106 0,75 4,6

The standard deviation for the guide vanes is 42 % according to-3-2 Table |.1.{IhiS means
that wjth a probability of 67 % the actual value of S for the guide vanes will be between 11 mm
and 28 mm. This may not seem very accurate, but it is the best estimate that cpn be
supported by the data received at this time. It is hoped that in the future‘ more data dan be
gatheled in a suitable format so that the formula can be revised in-order to make|l more

accurate estimates.
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Annex H
(informative)

Examples to calculate the TBO in the reference model

Table H.1 below shows how the calculation should be done for a Pelton turbine.

Table H.1 — Pelton turbine calculation example

Reference Planned
turbine turbine
Type Pelton Peltop
Coateld / uncoated Coated Coated
Rot.gpeed pm 720 600
Buckdt width B, mm 700 365
Numbgr of nozzles Zy Zjgy 1 6
Numbgr of buckets z, 21 22
Averape particle concentration C kg/m?3 0,220 0,09
Fractipn of particles with Mohs hardness 5 to 5,4 % 0 0
Fractipn of particles with Mohs hardness 5,5 to 5,9 % 22 25
Fractipn of particles with Mohs hardness 6 to 6,9 % 0 0
Fractipn of particles with Mohs hardness 7 to 7,9 % 40 55
Fractipn of particles with Mohs hardness > 8 % 0 0
Shapg factor (1 = round, 1,5 = sub-angular, KShape - 1 1,5
2 = arjgular)
Chardcteristic velocity (runner) W.in m/s 67 46
Time petween overhaul TBO h 13 600 6400 5 p00
Calculation of TBO
TBOta get ~ Sref, calc / Starget, calc X TBOref
Sref, cglc / Starget, calc © Wref3'4 / Wtarget3'4 X I:)Lref / I:)Ltarget X Km,ref / Km,target X Kf,ref / Kf,target X
Bz,targ Pt / B2,ref
=3,59 x 1,19%x 1 x-6:2406 0,180 x 0,521
= 3454 9401
with:
Wiet 3.4 Wiarget 3.4 = 3,59

F)Lref / F)Ltarget = Cref / Ctarget X Kshape,ref / Kshape,target X Ksize,ref / Ksize,target X Khardness,ref /

Khardness,taret = 1,19

Assumptions:

e constant over the year

e K

size,ref | Ksize target =

1

(grain size distribution in both cased is assumed to be the same)

* Khardness,ref / Knhardness target = 0,73

(as both runners are coated only the fraction of Mohs hardness above 7 is used. Ratio of

both fractions is 0,73)

Km,ref

! Km target = 1 (both coated)
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K ref / Kt target =_&M+H%HMMGW{+HWHQ—W{];QTAG [Zjet,ref 25 rel /

[zjet,target / z2,target] = 0,180
B2 target / B2 rer = 365/ 700 = 0,521

TBOygget =0:470-%13-600-h~6-400-h 0,401 x 13 600 h ~ 5 500 h

Table H.2 below shows how the calculation should be done for a Francis turbine.

Table H.2 — Francis turbine calculation example

Reference Unknown

turbine turbine
Type Fefets Frefejs
Coatefl / uncoated Coated Coatdd
Referg¢nce diameter m 1,279 2,52
Average particle concentration kg/m3 0,126 0,714
Fractipn of particles with Mohs hardness 5 to 5,4 % 0 0
Fractipn of particles with Mohs hardness 5,5 to 5,9 % 2 2
Fractipn of particles with Mohs hardness 6 to 6,9 % 16 3,3
Fractipn of particles with Mohs hardness 7 to 7,9 % 38 75
Fractipn of particles with Mohs hardness >8 % 0 0
Shapdq factor (1 = round, 1,5 = sub-angular, Kshape > 1 1,5
2 = angular)
Charafteristic velocity (runner) Wr,, m/s 59,9 47,6
Time petween overhaul TBO h 22 800 5 80

Calculation of TBO

TBOtarget = Sref, calc / Starget, calc ¥ TBO

S
targe ref
=2,185 x 0,059 x 1 x 1 x 1797

= 0,254

Wik 3.4 Wtarget 3.4=2,185

Kh hrdness,target

ref

= 3,4 3,4
ref, cdic / Starget, calc = Wret / Wtarget x Plyet / I:’I-target x K ref / Km,target x K ref / Kt farget *

ef / I:’Ltarget = Cref / Ctarget x Kshape,ref / Kshape,target x Ksize,ref / Ksize,target x Khardne ss,ref /

176 O G667 | Ta T =~
YL O \>FAvAvE | Y U7

0,058 7

Assumptions:

e constant over the year

o K 1

size,ref / Ksize,target =

(grain size distribution in both cased is assumed to be the same)

=0,5

Khardness,ref/ Khardness,tar et

(based that the fraction of hard particles with Mohs hardness of 7 and higher is double in
the target turbine, as the runner is coated only the fraction of Mohs hardness above 7 is

used in accordance with 2.2.11)
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Km,ref / Km target = 1 (both coated)

Kt ret / Kftarget = 1 (for Francis)

TBOyarget = 0,254 x 22 800 h
=5800h

— 83 —
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.1

Annex |
(informative)

Background for hydro-abrasive erosion depth model

Fheoretical-model Model background and derivation

Please refer also to [21]. In order to demonstrate how different critical aspects impact the
particle—abrasion hydro-abrasive erosion rate in the turbine, the following formula is
considered:

ds/dt 3 f(particle velocity, particle concentration, particle physical properties| flow

pattern, turbine material properties, other factors)

Howeyer, this formula being of little practical use, several simplifications are.introducegl. The

first simplification is to consider the several variables as independent as follows:

ds/dt 3 f(particle velocity) x f(particle concentration) x f(particle’ physical propgrties,

turbine material properties) x f(particle physical properties) x f(flow pattern) x
f(turbine material properties) x f(other factors)

This pimplification is not proven. In fact, many examples” can be found wherg this
simplification was not strictly valid. Nevertheless, based onliterature studies and expelfience,

this simplification is considered to be justified for hydraulic machines.

The next simplification consists in assigning values\to the functions. In the following equations
the ndmerical values for the parameters, without units, have to be used. The units in|which

the v

lues should be based are given below:

f(plarticle velocity) = (particle velocity)®. In the literature abrasion is often consjdered
proportional to the velocity raised_to-an exponent, n. Most references give valuep of n
befween 2 and 4. In this document,we suggest to use n = 3,4. Particle velocity in m/qg,

f(plarticle concentration) = partiele concentration in kg/m3,

f(particle physical properties, turbine material properties) = K j;qness = function gf how
hafd the particles are_in relation to the material at the surface. At the present stage we
supgest to use Ky ,.45ess = fraction of particles harder than the material at the surfacg, see
12,

f(flow pattern) =K / RSP (K; = constant for each turbine component, RS = turbine refgrence
size in m, p2.exponent for each turbine component). K; considers impingement angje and

f(particle,s physical properties) = f(particle size, particle shape, particle hardngss) =
f(pacticle size) x f(particle shape) = Ko x Kghape- Note that in this simplificatioh it is
as i i i i i article
hardness is considered in the Ky ;,qness factor,

Ksize = median diameter of particles in mm,

Kshape = f(particle angularity). It is believed that Kgp,,e Will increase with the degree of
irregularity of the particles. Specific data is not available at present but several literature
references indicate that Ky, varies from 1 to 2 from round to-sha+p angular,

f(turbine material properties) = K,,. In this document we consider K,, = 1 for martensitic
stainless steel with 13 % Cr and 4 % Ni and K, = 2 for carbon steel. For coated
components K, should be smaller than 1,

f(other factors) = 1.

Again, these functions are engineering approximations in order to obtain useful results for
hydraulic machines. We then have the following formula:
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ds/dt = (particle velocity)®# x C x Kpardness * Ksize * Kshape * Ki/ RSP x Kpy

The final step is to integrate this formula with respect to time. When we do this we find three

dist

1)

2)

3)

inct different types of variables with respect to their variations in time:

particle velocity and K;: these variables vary with the water flow relative to the ind
component, which in turn may vary with the head and flow;

ividual

C, Khardness: Ksize aNd Kgpane: these variables vary with the particle properties. Integrated

over time these variables
Annex A for a sample calculation);

RS, p and K,,: these variables are constant in time.

ecome particle load, PL (see 2.2.89 for definition of PL and

To finfd a simple and reasonably accurate estimate of the time integral, the PL vatiabl

2.2.89) is introduced. PL integrates C, Ky 4 dness: K

and K

size

shape Over time. When-usi

the pgrticle velocity and K; can be considered approximately constant over a limited v

of he

as cal
particl
2.2.24

e velocity can be replaced with the characteristic velocity, W¢.-defined in 2.2

al
d and flow (see 1.2). Since these variables are considered constant, K{and p were[

bration factors to obtain good agreement between actual test data and-the formul

23.

b (see
ng PL,
iation
used
. The
20 to

final, time integrated formula becomes:

S:W3v4xPLmefo/RSp

he numerical value of the-abkasion hydro-abrasive erosion depth in mm.

1.2 Introduction to the Pk variable

n-thistcode-the PLvariable has been-introduced—which-hasnot been Sobheos ooig —ne
commpn-way-to-integrate abrasionove me-hasbeen-to-considerthe-totalweightof pa e

that ppss the turbine- However, this-approach has usually not considered the effect$ from
variation-in-flow-er-head-in-the turbine-and-could-therefore lead-to-erroneous-conclusiony

In thid documment the PL variable is used to quantify the particles that pass the turbife and
reflects the-felative hydro-abrasive erosion potential in a certain period. In the past a common
way t¢ ‘Wtegrate hydro-abrasive erosion over time has been to consider the total weljght of

particles that pass the turbine. The benefits of the PL variable include:
e The PL variable gives more accurate results considering variations in flow and head.
Please see example below for further details,

The PL will inherently consider variations in all particle properties, not only the particle
concentration,

The PL depends only on the water used and is independent of the turbine size and / or
discharge. It can thus be used directly to compare the conditions at different sites and for
different configurations.

To illustrate the first point above, consider the following example. A Pelton injector (see
Figure 1.1) operates for one day. Assume the head is 800 m and the abrasive particle
concentration is 0,1 kg/m3.
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Case 1: At full opening (top half of Figure 1.1) the water with particles flows over the seat ring
with a velocity of (2 x g x H)9:5> = 125 m/s. In one day the-amount mass of particles that pass
the injector is 2 m3/s x 3 600 s/h x 24 h/day x 0,1 kg/m3 x 1 day = 17 tons.

Case 2: At 10 % opening (bottom half of Figure 1.1) the water with particles flows over the
seat ring with the same velocity as in case 1 (125 m/s). In one day the—amount mass of
particles that pass the injector is 0,2 x 3 600 x 24 x 0,1 x 1 = 1,7 tons.

In both cases the seat ring has been subject to—abrasion hydro-abrasive erosion with the
same particle concentration, the same water velocity and the same amount of time. Therefore,
the expected—abrasion hydro-abrasive erosion damage is the same. The PL variable also
ht has
ted to
pss of

particles that has passed the seat ring.

Rull opening Q = 2 m3/s

10 % opening Q = 0,2 m3/s

Figure I.1.—\Example of flow pattern in a Pelton injector at different load

The spme typeyof reasoning can also be applied to other components subject to-abfasion
hydro{abrasive erosion. In the following is a condensed summary of such analysis.

e Peltanneedle tip

Very good correlation between PL and-abrasien hydro-abrasive erosion damage with minor
influence of turbine discharge or head is expected. Some influence from the turbine flow since
the water velocity is lower further inside the injector, where the needle tip is located at high
flows. Some influence from turbine head since the water velocity is proportional to the square
root of the head. With head and flow variations that are normal in Pelton projects this
influence is disregarded in the interest of simplicity.

e Pelton runner

Good correlation between PL and—abrasien hydro-abrasive erosion damage with minor
influence of turbine discharge or head is expected. Some influence from the turbine flow since
the water film is thicker at higher flows and therefore more particles may be pressed towards
the outside surface due to centrifugal forces. Some influence from turbine head since the
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relative water velocity in the runner depends on the head. With head and flow variations that
are normal in Pelton projects, this influence is disregarded in the interest of simplicity.

e Francis and Kaplan guide vanes and covers / facing plates

Good correlation between PL and—abrasien hydro-abrasive erosion damage with minor
influence of turbine discharge or head is expected. Some influence from the turbine flow since
the water velocity is higher at low discharge and the pressure difference between the two
sides of the guide vane varies with flow. In particular, if the unit is at standstill with
pressurized spiral case the leakage flow through the guide vanes has high velocity. Some
influence from the turbine head since the relative water velocity in the guide vanes depends
on the head. With head and flow variations that are normal in Francis and Kaplan projects,
this influence 1s disregarded in the interest of simplicity.

e Francis runner seals / labyrinths

Very good correlation between PL and-abrasion hydro-abrasive erosion damage with|minor
influence of turbine discharge or head is expected. Some influence is expected from the
turbing flow and head since they influence the pressure before and after the'seal and thus the
leakage flow through the seal. With head and flow variations thathdare normal in Hrancis
projects, this influence is disregarded in the interest of simplicity.

e Francis runner blade inlet

Good | correlation between PL and—abrasien hydro-abrasire erosion damage with [minor
influence of turbine discharge or head is expected. Somé€ influence from the turbine disgharge
is expected since the water velocity is higher at low) discharge. Moreover, the préssure
differgnce between the two sides of the guide vanes. varies with opening, resulting in more
leakage between the guide vanes and the covets which in turn results in more unfavourable
flow donditions at the runner inlet. Also discharge and head variations from the opftimum
operaling point, will result in more unfavourable flow conditions at the runner inlet. With head
and flpw variations that are normal in Francis projects this influence is disregarded, as long as
inlet cpvitation is not present, in the interest of simplicity.

e Francis runner blade outlet

Reasqnable correlation between-PL and-abrasion hydro-abrasive erosion damage with|minor
influence of turbine dischargé or head is expected. At part load there are two[ main
phenogmena that influence.the-wear hydro-abrasive erosion. One is that the average vglocity
(defingd as the total flew*divided by the flow passage area) will decrease with decrg¢asing
dischgrge. The othergis that the degree of turbulence will increase and the flow distributipn will
lose upiformity at lew.discharge (typically below 50 % to 80 % of maximum discharge). [These
two phenomena)influence the—wear hydro-abrasive erosion in opposite ways, buf it is
expecfed that the turbulence effect will dominate and thus that the—wear hydro-abrasive
erosion willsnerease at partial load. However, due to lack of supporting data this influghce is
disregarded’in the interest of simplicity.

e Kaplan runner blade

Very good correlation between PL and-abrasien hydro-abrasive erosion damage with minor
influence of turbine discharge or head is expected. With head and flow variations that are
normal in Kaplan projects this influence is disregarded in the interest of simplicity.

e Kaplan runner chamber

Good correlation between PL and—abrasien hydro-abrasive erosion damage with minor
influence of turbine discharge or head is expected. With head and flow variations that are
normal in Kaplan projects this influence is disregarded in the interest of simplicity.
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1.3

Surveytresults Calibration of the formula

A questionnaire was sent to plant operators at sites known for their exposure to—particle
abrasien hydro-abrasive erosion problems. The purpose of this questionnaire was to collect
and analyse data on-particle-abrasion hydro-abrasive erosion rates on as many combinations
of water quality, operating conditions, component materials, and component properties as
possible.

This data was analysed and the factor K; and the exponent p determined for each component
to get the best possible correspondence between the calculated and observed amount of
hydro-abrasive erosion. The average K; and p was then determined for all observations with

compg

TTEMS o the same LyPE. — a3 cioW—SHOWS tHe—TeStitiig—y—atta—p—oi v

:

The r4
was d
deviat]

Table 1.1 —DBata—analysis-efthe supphed-guestionnaire Analysis of the calibrati

itio between the measured and calculated values of the hydro-abrasjve erosion
etermined and the standard deviation calculated. Table .1 belog\Shows the stg
on in this analysis as well as number of observations for each type of component.

constant K¢ and p

DN

Component K Exponentp Number of Standard
e observations deviation
%
Frafcis guide vanes 1,06 %10% 0:25 7 42
Francis facing plates 0,86-%x10° 025 7 38
Francis labyrinth seals 0,38 % 10% 0,75 7 30
Frafcis runner inlet 0,90 % 10¥¢ 0,25 6 26
Frapcis runner outlet 0,54 %406 L 6 41
Althodgh the values of standard deviation in the table above shows that the formula] gives
reasomable accuracy, it. should be kept in mind that the amount of observations is limitgd and
that further observations/may improve the formula.
It is oply for Francis turbines that enough data has been available for a meaningful anplysis.
Not enjough data‘is available for Kaplan and Pelton turbines to give detailed guidelines.
In gerjeral,-it is challenging to obtain complete and unambiguous observations from exkisting
measurements. It is hoped that additional observations can be made in the future to further

calibrate and revise the hydro-abrasive erosion model.
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Annex J
(informative)

Quality control of thermal sprayed WC-CoCr

J.1  Specification

The quality of this hard coating strongly depends on several influencing factors like the
technical specification of the coating process, the preparation of the surface to be coated, the
process parameters and the consumables used. Also the qualification of the personnel

applyiphg the coating plays an important role. A

. . . . N |
Hard foatings which are used to protect hydraulic machines from hydro—ab{se e efosion
should meet certain demands on quality to ensure proper functionality. Seme guide line
referepce values for WC-CoCr (86/10-4) are listed below: (19
e sufface roughness Ra should be < 8um; (b(bb‘
e adhesive bond strength should be > 60 MPa; (1,

 avprage hardness over ten measurement points of the coatip§ should be > 1 000 HVp 3.

O
J.2 | Quality control (@)

L

It is rgcommended to coat test specimens during thQ ting of the part, applying exacfly the
same process (e.g. surface preparation, pre-heati@coating etc.) as used on the compdnents
to be ¢oated.

A
Measyrements and inspections should be sﬁe by trained personnel. Evidence of qualification
should be provided. Table J.1 lists som ms recommended to be included in an insplection
report 4\
xO
Table J.1 - Recon@&ended items to include in HVOF inspection
AN
Characteristics uni To be measured by Measured on Measured on|test
<\§ component specime
Surfade roughness C) Ra ISO 4288 X
C) or related
Coatirg thickness @ um ASTM B499 — 09 or X
A ISO 2178
Bond ;trengt@J MPa ASTM C633 — 13 or X
O EN 14916
Vickeqs‘é\éﬂjness HV ISO 6507-1 X
U,s

The coated area should be visually inspected by 100 %. The coated surface, as defined in the
drawings, shall not show any defects like cracks, pores or uncoated areas.

If the coating is ground dye penetrant test can also be an indication of cracks in the coating.
Note that dye penetrant test is not applicable for non-ground (as sprayed) surfaces.



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019 -90 -

(1]

(2]

(3]
(4]

[5]

(6]

[7]

(8]
(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Bibliography

IEC 60193:1999, Hydraulic turbines, storage pumps and pump-turbines — Model
acceptance tests

IEC 60609-2:2004 1997, Cavitation pitting evaluation in hydraulic turbines, storage
pumps and pump-turbines — Part 2: Evaluation in Pelton turbines

IEC TR 61364, Nomenclature for hydroelectric powerplant machinery

1ISO /IQRL'\:’)ﬂﬂR, |iqllif‘| flow in open channels Sediment-in—streams—and—canals —

Determination of concentration, particle size distribution and relative density

ISO 11657:2014, Hydrometry — Suspended sediment in streams and' carjals -
Determination of concentration by surrogate techniques

ASTM G76:1995, Standard test method for conducting erosionctests by solid pjarticle
impingement using gas jets

Gray, Aunemo and Rommetveit:2004, Recent developments in silt erosion coatings,
IAHR 22nd Symposium on Hydraulic Machinery and Systems

Wedmark:2006, Recent progress in silt erosion research, Hydro 2006

Dr. Y. C. Agrawal, Mr. H. Chuck Pottsmith:2005, Turbine erosion: Lasers wprn of
abrasive sediments, Hydro 2005 Conference, Villach, Austria

Mann B.S., Arya V., Dadu V., Manea'L:2001, Hydro Project Equipment: Solutigns for
Common Challenges, HRW/July .2001

Mann B.S., Arya V.:2001, Abrasive and erosive wear characteristics of plasma nifriding
and HVOF coatings: their application in hydro turbines, Wear 249 (2001) 354-36(

Mann B.S., Arya V:, Maiti A.K., Rao M.U.B., Joshi P.:2006, Corrosion and efosion
performance of HVOF/TIAIN PVD coatings and candidate materials for high prg¢ssure
gate valve application, Wear 260 (2006) 75-83

Engelhardt'W., Oechsle D.:2003, Countermeasures to Reduce Hydro Abrasive Wear at
Hydro Turbine Parts, Proceedings, Hydro 2003, Vol. I, Croatia

Gummer J.H.:2009, Combating Silt Erosion in Hydraulic Turbines HRW / March 2009

Proceedings of the Oslo Workshop:2003, Erosion and Sediment Transport
Measurement in Rivers: Technological and Methodological Advances, Proceedings of
the Oslo Workshop, June 2002, IAHS Publ. 283, 2003

Nozaki T.:1985, Nuevo Metodo Para La Decision de la Capacidad y dimension del
desarendador, considerando el desgaste de la turbina por el material solido flotante
(only available in Spanish)

Bishwakarma M.B:2008, Research on optimum sediment exclusion,
www.waterpowermagazine.com, 2008

Duan C.G., Karelin:2002, Abrasive Erosion & Corrosion of Hydraulic Machinery,
Imperial College Press


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 RLV © IEC 2019 -91 -

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

Proceedings of ,Silting Problems in Hydropower Projects*, 3" International
Conference, 2008, India

M Meng and Ludema:1985 1995, Wear models and predictive equations: their form
and content 181-183: 443-457, WEAR 1985 1995

Wedmark, Winkler and Dekumbis:2010, Finding a way to estimate abrasion amount,
Hydro 2010 conference, Lisbon, Portugal

Norwegian Water Resources and Energy Administration, Hydrology Department:1997,
Manual on Procedures in Operational Hydrology, Volume 5, Sediment Transport in

Streams — Sampling, Analysis and Computation, Second edition

Mei, Zu-Yan:1996, Protecting hydro turbines in silt-laden rivers, Hydropower &|Dams
magazine, issue 4, 1996

IEC 60041, Field acceptance tests to determine the hydraulic perfprnfance of hydraulic
turbines, storage pumps and pump-turbines

ISO 4288, Geometrical Product Specifications (GPS) — Surface texture: Profile njethod
— Rules and procedures for the assessment of surface téxfure

ISO 2178, Non-magnetic coatings on magnetic substrates — Measurement of cjoating
thickness — Magnetic method

ISO 6507-1, Metallic materials — Vickers hafdness test — Part 1: Test method

ASTM B499-09, Standard Test Methad for Measurement of Coating Thicknesges by
the Magnetic Method: Nonmagnetici€oatings on Magnetic Basis Metals

ASTM C633-13, Standard TestyMethod for Adhesion or Cohesion Strength of Thermal
Spray Coatings

ISO 14916:2017, Thermal spraying — Determination of tensile adhesive strength



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019-01(en-fr)

1EC IEC 62364

o
®

INTERNATIONAL
STANDARD

N )
INTERNATIONALE S

‘],Q colour

inside

Edition 2.0 2019-01

o\

Hydtaulic machines — Guidelines for dealing \Qgﬁ hydro-abrasive erosion
in kgplan, francis, and pelton turbines Q

QO
Machines hydrauliques — Lignes dire es relatives
au trgitement de I'érosion hydro-ab&géwe des turbines kaplan, francis et gelton

¥



https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

-2- IEC 62364:2019 © IEC 2019

CONTENTS

L@ T T @ ] = I L 5
LN I @ 7 1 L 1 ] S 7
s oo ] o [ PP PPUPPPPTPN 8
2  Terms, definitions and SYMbDOIS. ..o 8
3 Prediction of hydro-abrasive eroSion rate. ..o 12
3.1 Model for hydro-abrasive erosion depth ... 12
3.2 R £ eI NCE OO Ay e e 1 13
3.3 Simplified hydro-abrasive erosion evaluation ............cc.coooiiiiiii 0 14
N D (1] o | o PRSP PTPRPEPIPRUPRPRUIE O o iy R 15
4.1 GeNeral. .. I 15

4.2 Selection of materials with high resistance to hydro-abrasive erosion and
[odaF- 1 1] o Lo PPN | o UPRURPRRIY R 16
4.3 Stainless steel overlays ......ccoccvvvveiiiiiiiiniii S 16
4.4 Water conveyance SYSIem ......ccovveviiiiiiiiniiineeeeeee WO 16
4.5 ValVE Lo S e 17
415.1 GeNeral ..o N e e 17
415.2 Protection (closing) of the gap between housing and trunnion..................|..... 17
415.3 Stops located outside the valve ........... {0 e 17
415.4 Proper capacity of inlet valve operators........coocoovveiiiiniiiiiniinieee e, 18
415.5 Increase bypass size to allow higherguide vane leakage .............ccoeoee . 18
415.6 Bypass system design ........occmfhiniiiiii e 18
4.6 TUIDINE L e e ettt e e e 18
416.1 General ..ot S e e 18
416.2 Hydraulic deSign .. ..ot e 18
416.3 Mechanical deSIgN ..o v e eeenes e 20
5 Jperation and MaintenanCe ... ..o iiu ittt e 26
5.1 (O] o 1=1 2= 14 [0 o P PR PEPRPRPRURIY RS 26
5.2 Spares and regular iNSPECLIONS .......vvuiiii e e 28
5.3 Particle samphing and MONItOriNgG .....ovviiiiiiiie e e 28
6  Materials with high resistance to hydro-abrasive erosion ..........cc.coooiiiiiiin o 29

6.1 Guidelines concerning relative hydro-abrasive erosion resistance of

materials including hydro-abrasive erosion resistant coatings ................ccooooefonn 29
6]1.1 GBNEIAL e e 29
6112 Discussion and CONCIUSIONS ..vuuieeuiieiieiiiiiieiiei it e, 30

6.2 Guidelines concerning maintainability of hydro-abrasive erosion resistant
COALING MALEIIAIS ... e 30
6.2.1 Definition of terms used in this subclause ... 30
6.2.2 Time between overhaul for protective coatings ........ccoovvivviieiiiiiiiiineeeeen, 30
6.2.3 Repair of protective COatiNngs ........oiuiiiiii e 31
7  Guidelines on insertions iNt0 SPECIfiCAtIONS........viuiiiiiii e 32
7.1 LT T=] = | PPN 32
7.2 Properties of particles going through the turbine ... 33
7.3 Size distribution of PartiCles .. .. oo 34
Annex A (informative) PL calculation eXxample.......ooooiiiiiii i 35
Annex B (informative) Measuring and recording hydro-abrasive erosion damages ............... 37

B.1 Recording hydro-abrasive erosion damage .........c.ooeiiuiiiiiiiiiieie e 37


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 © IEC 2019 -3 -

B.2 Pelton runner WithOUt COAtiNg.....c..oiniiiiii e 37
B.3 Needle tip and mouth piece without Coating ..........ccooiiiiiiiiii e 38
B.4 Pelton runner with hardCoating.. ..o 38
B.5 Needle tip, seat ring and nozzle housing with coating .............ccoccoeiiiiiviiinenen 38
B.6 Francis runner and stationary labyrinth without coating ..............c..cooiiiiiiinn. 39
B.7 Francis runner with coating and stationary labyrinth...............oooi i 39
B.8 Guide vanes and facing plates without coating..........ccocoviiiiiiiiieee 39
B.9 Guide vanes and facing plates with coating..........cccovviviiiiiiiiie e 40
o TS - 1YY 7= 1 1= 40
B.11 Erancis labyrinth seals UNCOALE M ey £+ 40
B.1U2 Kaplan Uncoated ........ccccuiiiiiiiiiii e e e 40
B.U3 Kaplan coated.........oooiiniiiiii e St 41
B.14 Sample data Sheets ....c.covviiiiiiiii e e T e e 41
B.15 Inspection record, runner blade inlet...........coooovviiiiiii @ N 42
B.16 Inspection record, runner blade outlet............cooooiiiiii D 43
B.47 Inspection record, runnerband ...........cccooiiiiiiiiii ST 44
B.18 Inspection record, guide vanes .........ccooeeveviiniieeneenee SO 45
B.19 Inspection record, facing plates and covers ............. e hdeviviiiiiiiiiinee o 46
B.20 Inspection record, upper stationary seal............co. b N 47
B.21 Inspection record, upper rotating seal .............4.. 5 48
B.22 Inspection record, lower stationary seal ...... < .0 i 49
B.23 Inspection record, lower rotating seal..... .. % i 50
B.24 Inspection record, runner bucket........ 82 e 51
B.25 Inspection record, Pelton runner sSphtter...........ccovvviiiiiiiiiieieeeeeeeeee o, 52
Anney C (informative) Monitoring of particle concentration and properties and water
SE=Tag] o] | [aTo l o] folod=To [ U] £ e e PR RPRPRPTRY RPN 53
C. LT 1= = | T PP UPEPRPRPRRIY RN 53
C. Sampling before building a power station...........ccooceviiiiiiiciceeee e 53
C. Sampling in existingPOWer StatioNS ........ccovviiiiiiiiec e e 54
C. LogQging Of SAmMPIES T e | 54
AnneX D (informative) Procedures for analysis of particle concentration, size,
hardn@ss and Shape . . e | 55
D. LT =T = 1 PP PEPRPRPRURIY R 55
D. PartiGle-CoNCeNtration ..........couuiiiiieie e e | 55
D. Particle size disStribution ....... ..o e 55
D. Mineralogical COMPOSITION .......iuii e e e 55
D. PartiCle gEOMELIY ... e e 55
Annex E (informative) Frequency of sediment sampling ........ccooviiiiiiiiiinii e 58
Annex F (informative) Typical criteria to determine overhaul time due to hydro-
oY o] = B AV I =T o 1= o o TP 59
F.1 LCT=T =T = | PP 59
F.2 Parameters which are observable while the unit is in operation........................... 59
F.3 Criteria that require internal inspection of the unit............cooviiiii i, 60
Annex G (informative) Example to calculate the hydro-abrasive erosion depth..................... 61
Annex H (informative) Examples to calculate the TBO in the reference model...................... 63
Annex | (informative) Background for hydro-abrasive erosion depth model .......................... 66
.1 Model background and deriVation...... ... 66
1.2 Introduction to the PL variable..........ccooiiiiii e 67

1.3 Calibration of the fOrMUIAL........oei e 69


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

-4 - IEC 62364:2019 © IEC 2019

Annex J (informative) Quality control of thermal sprayed WC-COCr........coeviiiiiiiiiiiieeeneen, 71
J.1 SPECITICALION L. e 71
J.2 L@ 10 -1 11V oo 1 014 | 71

27T o]V TeTo | = o] 1| V2P 72

Figure 1 — Estimation of the characteristic velocities in guide vanes, ng, and runner,

Wrun, @s a function of turbine specific speed .............ccciii 13
Figure 2 — Simplified evaluation of risk of hydro-abrasive erosion for first assessment.......... 15
Figure 3 — Example of protection of transition area ...........c.cooiiiiiiiiii 17
Figurg 4 — Runner blade overhang in refurbishment project ...........cocoviiiiin A 19
Figurg 5 — Example of cavitation on runner band due to thicker blades ..................«.a5. ... 20
Figurg 6 — Example of design of guide vane trunnion seals..........c.cocovvveeenna S o, 21
Figurgd 7 — Example of fixing of facing plates from the dry side (bolt to the leff)...............]..... 23
Figurg 8 — Head cover balancing pipes with bends..........c.oooia8 24
Figurg 9 — Step labyrinth with optimized shape for hardcoating.........c0 .o o, 26
Figurg 10 — Sample plot of particle concentration versus time......~...0ccooovviieieiveneenenn o, 28
Figurg D.1 — Typical examples of particle geometry ...........c.c. 808/ i e 57
Figurd 1.1 — Example of flow pattern in a Pelton injector at different load ........................]..... 68
Table |1 — Values of K¢ and p for various components..........cccceeeeiieeniiiiiiiiiinnncneen o, 13
Table [2 — Overview over the feasibility for repair €on site.........ccoovevviiiiiiiiciinne o, 31
Table [3 — Form for properties of particles going-through the turbine........................ ) 33
Table |4 — Form for size distribution of particles............ccoooooviiiiiiiin e 34
Table |[A.1 — Example of documenting sample testS .....occvviviiiii i e 35
Table |[A.2 — Example of documentingesample results ........cccooeeviiviiviiiiiicie e e, 36
Table [B.1 — Inspection record, tunner blade inlet form ... 42
Table [B.2 — Inspection recotd;-runner blade outlet form ... e 43
Table [B.3 — Inspection récord, runner band form..........ccooieiiiiiiin e e 44
Table [B.4 — Inspectian récord, guide vanes form.........ccoovieiiiiiiiiiin e e 45
Table |B.5 — Inspettion record, facing plates and covers form..........ccooooovviiiiiniineinenn o, 46
Table [B.6 — InSpection record, upper stationary seal form............coooiiiiiiiiiii o, 47
Table [B.7 & Inspection record, upper rotating seal form ............cocovviviiiiiciciiceee e, 48
Table [B.8/4 Inspection record, lower stationary seal form ............cooovviviiiiiiiiinenen o, 49
Table B.9 — Inspection record, lower rotating seal form ..o 50
Table B.10 — Inspection record, runner bucket ....... ... 51
Table B.11 — Inspection record, Pelton runner splitter........ccooeiiiiiiiiiii e 52
Table G.1 — CalCUIALIONS ... i 62
Table H.1 — Pelton turbine calculation example. ... 63
Table H.2 — Francis turbine calculation example ... 64
Table I.1 — Analysis of the calibration constant Kfand p .........ccoooooiiiiiin, 70

Table J.1 — Recommended items to include in HVOF inspection .........ccccovveiii i, 71


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 © IEC 2019 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The|International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comprising
all |nhational electrotechnical committees (IEC National Committees). The object of IEC is\to promote
intefnational co-operation on all questions concerning standardization in the electrical and electtonic figlds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical, Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to gds “IEC
Pubjication(s)”). Their preparation is entrusted to technical committees; any IEC Nationak€ommittee inferested
in the subject dealt with may participate in this preparatory work. International,, governmental ard non-
governmental organizations liaising with the IEC also participate in this preparation. /EC collaborates|closely
with| the International Organization for Standardization (ISO) in accordance with;~eonditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an interpational
congensus of opinion on the relevant subjects since each technical committee has representation {from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for internationalyuse 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 fof the way in which they are used or for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC NationaNCommittees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in theif\national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the |atter.

5) IEC]itself does not provide any attestation of egnformity. Independent certification bodies provide copformity
asse¢ssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
ser(ices carried out by independent certification bodies.

6) All §sers should ensure that they have thelatest edition of this publication.

7) No liability shall attach to IEC or its_ directors, employees, servants or agents including individual expgrts and
members of its technical committees and IEC National Committees for any personal injury, property darhage or
othdgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expenses arising out of the, publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indispensable for the _cotrect application of this publication.

9) Attgntion is drayvn.to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights.(IEC shall not be held responsible for identifying any or all such patent rights.

Interngitional 'Standard IEC 62364 has been prepared by IEC technical committee 4: Hydraulic
turbings:

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.


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

-6- IEC 62364:2019 © IEC 2019

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.

A 3 e Fe—¢ cH o e S til the
stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data reldted to
the specific document. At this date, the document will be
e reg¢onfirmed,

e withdrawn,

e replaced by a revised edition, or

e anjended.

IMPQRTANT — The 'colour inside' logo on the cover{page of this publication indigates
that [ it contains colours which are considered) to be useful for the cofrect
undgrstanding of its contents. Users should therefore print this document using a
colotir 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

Based
found,

10 be done.

on this evaluation of the hydro-abrasive erosion, an optimised solution ean t
by analysing all measures in relation to investments, energy productio

maintg¢nance costs as decision parameters. Often a more hydro-abrasive(erosion-re

desigr

, instead of choosing the turbine design with the highest efficiency; will lead to

revenyie. This analysis is best performed by the overall plant designer.

en be

and
bistant
higher

With fegards to the machines, owners should find the means tocommunicate to potential

suppli
turbin
abrasi

Limite
could
compd
led so
metho

brs for their sites, their desire to have the particular attention of the designers
b design phase, directed to the minimization of the “severity and effects of
Ve erosion.

nents when they are operated under severe  hydro-abrasive erosion service. Th
Ime owners to write into their specifications, conditions which cannot be met with
ds and materials.

at the
nydro-

0 consensus and very little quantitative datacexists on the steps which the designer
and should take to extend the useful life_ before major overhaul of the turbine

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

Scope

This document gives guidelines for:

a)

b)

c)
d)

e)

f)

It is assumed in this document that the water is not chemically aggressive. Since ch
aggressiveness is dependent upefi) so many possible chemical compositions, an
materials of the machine, it is beyond the scope of this document to address these issue

It is assumed in this document that cavitation is not present in the turbine. Cavitatig
hydro{abrasive erosion eanh reinforce each other so that the resulting erosion is large
the sum of cavitation _erosion plus hydro-abrasive erosion. The quantitative relationship
resulting hydro-abrasive erosion is not known and it is beyond the scope of this docun

présenting data on hydro-abrasive erosion rates on several combinations of water d

uality,

oplerating conditions, component materials, and component properties collected from a

variety of hydro sites;
developing guidelines for the methods of minimizing hydro-abrasive erosig

n by

madifications to hydraulic design for clean water. These guidelines dofnot include @etails

such as hydraulic profile shapes which are determined by the hydraulie ‘design exp€
a given site;

rts for

dejveloping guidelines based on “experience data” concerning(the relative resistapce of

materials faced with hydro-abrasive erosion problems;

developing guidelines concerning the maintainability of ¢materials with high resistahce to

hydro-abrasive erosion and hardcoatings;

dejveloping guidelines on a recommended approach;ywhich owners could and shoulf take

to|ensure that specifications communicate the néed for particular attention to this
of |hydraulic design at their sites without establishing criteria which cannot be s
belcause the means are beyond the control of'the manufacturers;

developing guidelines concerning operation mode of the hydro turbines in wate
particle materials to increase the operation life.

spect
tisfied

r with

emical
d the
S.

n and
r than
of the
ent to

assess it, exceptto suggest that special efforts be made in the turbine design phase to

minim|ze cavitation.

Large|solids (e.g. stones, wood, ice, metal objects, etc.) traveling with the water can
turbing~€omponents and produce damage. This damage can in turn increase th
turbule ' Ttati - T T

mpact
flow
ydro-

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.

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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e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE 1 Terms and definitions are also based, where relevant, on IEC TR 61364.

NOTE 2 The International System of Units (S.l.) is adopted throughout this document but other systems are

allowed.
Sub- Term Definition Symbol Unit
clause
221 QlJC\.a;f;\.a QlJC\.a;f;\.a CHCiyy Uf VVGtUI aval:ab:c IL‘Jl:tvvl:l:ll t:IC :IIU:I (llll.dI E J g
hydraulic low pressure reference sections 1 and 2 of the machine
energy of a
machine . .
Note 1 to entry: For full information, see IEC 60193.
2.2.9 acceleration local value of gravitational acceleration at the place of g mls2
due to gravity testing
Note 1 to entry: For full information, see IEC 60193.
2273 turbine head available head at hydraulic machine terminal H N
pump head
H = E/g
2.2.4 reference reference diameter of the hydraulic machine D N
diameter
Note 1 to entry: For Pelton turbine$ this is the pitch
diameter, for Kaplan turbines this is_the& runner chamber
diameter and for Francis and\ Francis type pump
turbines this is the blade low pressure section diameter
at the band
Note 2 to entry: See IEC\60193 for further information.
225 hub diameter the diameter of runner,hub for Kaplan turbines D, mm
226 hydro-abrasive | depth of material removed (measured perpendicular to S mm
erosion depth the original surface) from a component due to hydro-
abrasive erosion
227 characteristic characteristic velocity defined for each machine W mis
velocity component and used to quantify hydro-abrasive erosion
damage
Note 1 to entry: See also 2.2.20 to 2.2.24.
228 particle mass concentration of particles, i.e. the mass of solid c kgjm3
concehtration particles per volume of water-particle mixture
Note 1 to entry: In case the particle concentration is
expressed in parts per million (ppm) it is recommended

L r } L r L
U UST T TifadsS UT partivics Yo vuiuthic Ut wdatlct, SU iatl

1 000 ppm approximately corresponds to 1 kg/mS3.
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Sub-
clause

Term

Definition

Symbol

Unit

2.2.9

particle load

the integral of the modified particle concentration over
time:

size (t) x Kshape (t) x Khardness (t)dt

PL = }C(t) x K

PL

kg x h/m3

N
(z ch x Ksize,n x Kshape,n X Khardness,n ><Ts,n)
J

NEE!
C(t) = 0 if no water is flowing through the turbine.

Note 1 to entry: For Francis turbines C(t) = 0 when
calculating PL for runner and labyrinth seals, if the unit
is at standstill with pressurized spiral case, but C(t) # 0
when calculating PL for guide vanes and facing plates.

2.2.10

size factor

factor that characterizes how the hydro-abrasive erosion
relates to the size of the abrasive particles = median
particle size dPg, in mm

size

2.2.11

shape factor

factor that characterizes how the hydro-abrasivéerosion
relates to the shape of the abrasive particles

Note 1 to entry: See Annex D.

shape

2.2.12

hardness
factor

factor that characterizes how the hydro*abrasive erosion
relates to the hardness of the abrasive particles

for 13Cr4Ni stainless steel: K fraction of
particles harder than Mohs4,5.

hardness

for hard coated surfaces: K
harder than Mohs 750~

hardness — fraction of particles

Khardness

2.2.13

material factor

factor that chataeterizes how the hydro-abrasive erosion
relates to the-material properties of the base material

2.2.14

flow coefficient

coefficient that characterizes how the hydro-abrasive
erosion relates to the water flow around each
component

34

kg x i} X m«

2.2.15

sampling
interval

time interval between two water samples taken to
determine the concentration of abrasive particles in the
water

2.2.19

yearlyparticle
load

Total load (PL) for 1 year of operation, i.e. PL for T =8
760 h calculated in accordance with 2.2.9

PL

year

kg x|h/m3

2.2.17

maximum

maximum value of the integrand in the PL integral

PL

kgfm

particlie 1oad

durmng a specitied tume tervar, 1.e. the maximum vaiue
of the following expression

PLmax = C(t)x Kgjze(t) x Kshape(t)>< Khardness(t)

2.2.18

particle
median
diameter

median diameter of abrasive particles in a sample, i.e.
such diameter that the particles with size smaller than
the value under consideration represent 50 % of the
total mass of particles in the sample

dPg,

2.2.19

impingement
angle

angle between the particle trajectory and the surface of
the substrate
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Sub- Term Definition Symbol Unit
clause
2.2.20 characteristic flow through unit divided by the minimum flow area at W m/s
velocity in the guide vane apparatus at best efficiency point v
Francis guide
vanes
characteristic W, = Q
velocity in W ax Zo % By
Kaplan guide
vanes
2221 | characteristic speed of the water flow at injector location W m/s
velocity in n
Pelton injector
Wini = V2>< E
2.2.22 characteristic relative velocity between the water and the runner blade W s
velocity in estimated with below formulas at best efficiency point run
turbine runner
2 2
Wi = YUy +C;
Uu,=nxzxD
x 4 .
C, = Q—Z(Franms)
zxD
x 4
C, = Qz -— (Kaplan)
7x(D°-D,")
characteristic relative velocity between the watef and the runner
2.2.23 cte Y W, ny/s
velocity in bucket
Pelton runner
Wiun =05 xX42 < E
2.2.24 discharge volume of water per unit\time passing through any Q mb/s
section in the system
2.2 29 guide vane average shortest ~distance between adjacent guide a h
opening vanes (at a specified section if necessary)
Note 1 .terv"entry: For further information, see
IEC 60293.
2.2.26 number of totals-number of guide vanes in a turbine z
guide vanes 0
2.2.27 distributor height of the distributor in a turbine B N
height 0
2.2.28 rotational number of revolutions per unit time n s
speed
2.2.29 specific\Speed commonly used specific speed of a hydraulic machine n rgm
e S
_ 60xnx+P
S H 5/4
P and H are taken in the rated operating point and given
in KW and m respectively
2230 output output of the turbine in the rated operating point P KW
2231 hydr_o-abrasive estimated actual depth of metal tha_t will be remoyed Starget mm
erosion depth from a component of the target turbine due to particle
of target unit hydro-abrasive erosion
Note 1 to entry: For use with the reference model.
2.2.32 hydro-abrasive | hydro-abrasive erosion depth of metal that has been Sref mm

erosion depth
of reference
unit

removed from a component of the reference turbine due
to hydro-abrasive erosion

Note 1 to entry: For use with the reference model.
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Sub- Term Definition Symbol Unit
clause
2233 number of number of nozzles in a Pelton turbine Zjer
nozzles
2234 bucket width bucket width in a Pelton runner B, mm
2.2.35 number of number of buckets in a Pelton runner Z,
buckets
2.2.36 time between time between overhaul for target unit TBOtarget h
overhaul for
target unit )
Note 1 to entry: For use with the reference model.
2237 time between time between overhaul for reference unit TBO, ¢ h
reference unit .
Note 1 to entry: For use with the reference model.
2.2.38 turbine reference size for calculation curvature dependent RS h
reference size effects of hydro-abrasive erosion
Note 1 to entry: For Francis turbines, it is the
reference diameter, D (see 2.2.4).
Note 2 to entry: For Pelton turbines it is the inner
bucket width, B,,.
Note 3 to entry: For further information in, the, inner
bucket width, B,, see IEC 60609-2.
2.2.39 size exponent exponent that describes the size dependant effects of p
hydro-abrasive erosion in evaluating RS
2.2.40 exponent numerical value of 0,4-p that balances units for K; o

3 Prediction of hydro-abrasive erosion rate

3.1 |Model for hydro-abrasive erosion depth

The fql

S =W34 x PL x K, x K¢ / RSP

lowing formula can be used to estimate the hydro-abrasive erosion depth in a Hrancis
turbing:

e Thee characteristic velocity, W, is defined in 2.2.20 to 2.2.23. If detailed data to calcujate W
is pot available it can be estimated based on Figure 1,

o PL|

Ky 2adhRS are defined in 2.2.9, 2.2.13 and 2.2.38 respectively,
e Foy uncoated components of Francis turbines K; and p are taken from Table 1 below

For additional information of the background for this formula please refer to Annex I. A sample
calculation is found in Annex G.
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N
[

W,y = (0,25 + 0,003 x ng) x (2 x g x H)0.5

N

=
3]

Characteristic velocity coefficient Wg,, W,

=
)|
f

0 ) -
0 100 200 300 400 500 600 700 800
Turbine specific speed, ng (using m,[kW)

IEC

NOTE [Values of n, and H in this figure refer to the ‘rated operating point while the characteristic velocifies are
given fdr the points noted in Clause 2.

Figure 1 — Estimation of the Characteristic velocities in guide vanes, Wy,
and runner, W, ,,”a@s a function of turbine specific speed

Table 1 —(Values of K; and p for various components

Component K¢ Exponent p
(for RS)
Francisyguide vanes 1,06 x 107 0,25
Fraficis*facing plates 0,86 x 10°® 0,25
Francis labyrinth seals 0,38 x 10°® 0,75
Francis runner inlet 0,90 x 10 0,25

roncic runonar outlat

faliwd =~

a-La 10-6
Orod——To

3.2 Reference model

In the reference model presented in this document the TBO of two turbines are compared to
each other. To do this the TBO of one turbine (here called reference turbine) and the
differences in the influencing parameters to another turbine (here called target turbine) have
to be known to calculate the TBO of the target turbine. Note that the same overhaul criteria

have to be applied for both the target and reference turbines.

The aim of the reference model is not to calculate the hydro-abrasive erosion depth (S).
Therefore a calibrated model for the depth is not necessary. The criteria for the TBO can be
the relative amount of damage, the efficiency loss or some other criteria but has to be the

same for both turbines.
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There are a few differences in the way the formula is built up between the reference model
and the absolute model as follows:

e since the reference model does not calculate the hydro-abrasive erosion depth of
individual components, constants valid for the whole turbine are used instead of different

co

nstants for different components;

e a larger turbine can normally withstand more hydro-abrasive erosion depth than a small
turbine before it needs overhaul. For this reason the exponent for turbine reference size,

P,

is chosen as 1 in the reference model;

o for Pelton turbines, it is assumed that the critical component for overhaul is the runner. In
addition to the factors described above, the K; for Pelton runners is assumed to be

proportional to the number of nozzles and the speed and Inversely proportional

nu

The T

TBOtanget / TBOref = Wrefg’4 / Wtarget3'4 X I:’I-ref / PItarget X Km,ref / Km,target 3 Kf,ref / Kf,t
Rstargetp / RSrefp

In this

Pelton turbines:

Franc

Size gxponent: p=1

mber of buckets;

BO for the target turbine can be calculated as follows:

equation, we use the following values for the relationships;

Kt ref / Ky, target = Zjet,ref X 22 targét / (Zjet,target X 2 ref)
s and Kaplan turbines:  Kg 1o / K target = 1

to the

hrget %

The dccuracy of the reference model might decrease when the differences betwegn the

refere

The s
studie

3.3

In add
have
disady

As a (
site it
Figurse

If C x

hce and target turbines become large.

ensitivity of the calculated TBO valug to variances in the input variables can a
d with the same formula. A sample(alculation is found in Annex H.

Simplified hydro-abrasive erosion evaluation

ition to the formulas in~3.1 and 3.2 other methods to estimate hydro-abrasive ¢
peen proposed, such .as”in [15] and [22]1. Each method may have its advantage
antages.

uick and easy“rule of thumb to make a first assessment of the severity at a par
is recommended to evaluate the following expression, which is shown graphic
2.

HL5'<150 then the hydro-abrasive erosion may not be significant.

so be

rosion
s and

ticular
plly in

If 150

< C x H15 < 1500 then the hydro-abrasive erosion may be significant.

If C x H15 > 1 500 then the hydro-abrasive erosion may be severe.

Of course this rule of thumb is approximate, but it may help decide whether further analysis is
advisable.

1 Numbers in square brackets refer to the Bibliography.
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Fi

4

4.1

E A
T
1000

900 T — C x H15= 150
800 —— C x H15 =1 500
700

High—+Hsk—oi-hydro-abrasive—eresion:
600 L—-Analysis of particles is mandatory

- Concentration over year

- Hardness
500 - size 1

shape |
400 1)
|
300 ~V
200 Significant risk of NV
hydo-abrasive erosion:
Analysis of particles is recommended
100 " e
0 No significant risk of hydro-abrasive erosion -

0 0,1 0,2 0,3 0,4 05 0,6 0,7 0,8 0,9 0,1
Anfiual average of particle concentration C (kg/m3)
IEC

gufe 2 — Simplified evaluation of risk of hydro-abrasive erosion for first assessient

Dgesign

General

The following guidelines explain some recommended methods to minimize hydro-abfrasive

erosion and the effects thereof, by modifying the design for clean water.

It sholild beUnderstood that every design of a hydro powerplant is a compromise bdtween
several reguirements. While it is possible to design a unit to be more resistant against hydro-
abrasive/erasion this may adversely affect other aspects of the turbine. Some examples|are:

thicker runner blades may result in decreased efficiency and increased risk of vibrations
from von Karman vortices;

fewer runner blades (in order to improve the access to the blade surfaces for thermal
spray surface treatment) may result in reduced cavitation performance;

coatings against hydro-abrasive erosion may initially result in increased surface
roughness, which may reduce the efficiency. The initially increased surface roughness
may be reduced due to the polishing effect of operating with particle laden water. Of
course, over time the coated turbine will maintain a higher efficiency compared to the
uncoated turbine;

reduced runner blade overhang may result in reduced cavitation performance, which in
turn may reduce the output that can be achieved for a turbine upgrade;

many design features to reduce the impact of a high particle concentration will increase
the total cost of the power house.
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The optimum combination of design features to reduce the impact of a high particle
concentration should be considered and selected for each site based on its specific
conditions, taking the economic impact for the lifetime of the powerplant into account.

As a general rule for the design, the area exposed to the abrasive water should be as small
as possible. Discontinuities and sharp transitions or direction change of the flow should also
be avoided.

4.2 Selection of materials with high resistance to hydro-abrasive erosion and coating

The selection of materials and possible coatings with high resistance to hydro-abrasive

erOSi o tmnartant Can alen Claoyicn o
HSHHRpP e Dt eSSt orattdSt—o-

Because corrosion would increase the hydro-abrasive erosion rate, stainless teé€l [is the
preferfed selection. Weldable stainless steel materials are preferred.

In cade coatings resistant to hydro-abrasive erosion are not applied in_the beginning, it is
recommended to make a hydraulic and mechanical component design-where such cdatings
can easily be applied at a later stage.

Labyrinth seals made of aluminium bronze have in general lower resistance against phydro-
abrasive erosion than stainless steel. There are also examplgs.\with relative good behav|our of
labyringth seals made of aluminium bronze.

4.3 |Stainless steel overlays

Stainlgéss steel welded overlays with sufficientsthickness may be used instead of solid
stainlgss steel components, if the cost of the gverlay welding is lower than the cost of solid
stainlgss steel components.

4.4 |Water conveyance system

An important consideration for the water conveyance system is to remove as many pafticles
as pogsible already before they. enter the high velocity zones in the machinery.

Large|reservoirs may be very useful for this purpose. Often a very large amount of pdfrticles
can be¢ removed from the“water. The negative side of this is that reservoirs can fill up fast.
This Will have the result that more and more particles and also larger ones will rea¢h the
intake| and pass through the turbine. Sedimentation can be reduced by different methods,
even if it cannothécompletely prevented. Possibilities are extensive flushing and also using a
bypasp channet/tunnel during the high flood season to divert the highest particle laden|water
aroundl the «eservoir downstream of the hydro power plant. Maintaining the active sjorage
capac|ty ,of reservoirs is one possibility of keeping also the turbine operation and the |repair
costs felatively constant.

If a large reservoir is not available, sand traps (also called desilting basins/ chambers),
possibly with preceding gravel traps and other facilities to exclude mainly coarse sediment at
intakes may be built. It appears that the minimum particle size that can be removed by these
structures is in the order of 0,1 mm to 0,3 mm unless the cost and size of the structures
becomes prohibitive. The detailed design of desilting chambers is outside the scope of this
document.

It is also important that any transient conditions that the powerplant may experience do not
disturb the sand in sand traps, or other places where sand may accumulate, so that it is
drawn into the turbine. Therefore, the design of sand traps should also consider possible
transient conditions.

Even small amounts of large particles, such as stones, can cause severe damage since they
may not be able to pass the turbine until they have been crushed into smaller pieces. This is
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due to the centrifugal force in the rotating water between runner and guide vanes. It is
therefore important that tunnels and penstocks are clean and tidy at initial startup and after
maintenance work. At the end of unlined tunnels, rock traps should be provided and deposits
should periodically be removed

Due to generally low velocity the water conveyance system itself seldom sees significant
hydro-abrasive erosion damage and normal coating paint on the steel structures of the system
is usually enough to protect it.

4.5

4.5.1

Valve

If hyd
flow a
valve
disc o
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4.5.2

The a
Since
valves
overla|
examy
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o-abrasive erosion is expected, as a general rule all mechanical disturbarnees

a butterfly valve is continuously exposed to the abrasive water flow.

edges and big changes in the flow direction.

it possible to do maintenance of the downstream ‘'seal while the other units

aY

gate is a special type of valve and similar censiderations apply to the ring gate a
hlet valve.

Protection (closing) of the gap hetween housing and trunnion

ea between trunnion and housing is especially susceptible for hydro-abrasive e
the transition of the trunnion‘tg-the rotor is one of the highly stressed areas of th

y protected trunnions ,afe”recommended. Several design can be proposed,
le, the transitions can be protected against the direct attack of hydro-abrasive e
re-labyrinth (see Figure 3).

in the

e subject to high hydro-abrasive erosion attack. Therefore the choice betwé&en bdtterfly
and spherical valve should be discussed by customer and supplier because the gealing

hape of the housing around the sealing of the rotor or disc shall be smooth without

e of several units on a single penstock and with a spherical valve or a butterfly valve as
alve, it is preferable to have a maintenance seal in addition to the service seal. This will

are in

nd the

osion.
e inlet

this area has to be especially protected. Completely stainless or welded stdinless
As an
Fosion

4.5.3

Figure 3 — Example of protection of transition area

Stops located outside the valve

In hydro-abrasive erosion conditions, it is recommended that stops, which limit the angle of
rotation of the rotor, are placed outside of the flow in the servomotor or adjacent to the lever.
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4.5.4 Proper capacity of inlet valve operator

Normally inlet valves (rotors) will be opened or closed with an approximately balanced
pressure (eg. 100:75) that is established by the bypass or the movable sealing rings.

If excessive hydro-abrasive erosion occurs at the guide vanes, the differential pressure for the
closing or opening of the inlet valve may be bigger than allowed or fixed in the layout. It is
therefore recommended that the design takes into account a higher differential pressure for
opening or closing. If the inlet valve is designed as an emergency shutoff valve it may already
be able to open against a higher differential pressure.

4 5 5 lnecranca hyvynace cion t0 Allowy hinhaor anida vyana Inaaleana
fo T eTrCastoy P S—ST2e—to—tovr gy oo t—varrcrcarkagt

As alfeady mentioned in 4.5.4 above, due to the excessive hydro-abrasive erosion jat the
guide |vanes the leakage water flow may increase to such an extent, that the halance|water
flow through the bypass of the inlet valve is not sufficient to achieve the pressure balance
betwepgn the inlet pipe and spiral casing.

It is thlerefore recommended to increase the capacity of the bypass sysiem.

4.5.6 Bypass system design

It is rgcommended to use an external bypass system insteadoftan internal one.

4.6 Turbine
46.1 General

Theseg| guidelines do not include details suchtas hydraulic profile shapes which shotild be
determined by the hydraulic design experts for-a given site.

4.6.2 Hydraulic design
4.6.2.1 Selection of type of machine

It is aplvantageous to select @ type of machine that has low relative water velocity, that can
easily| be serviced and that can easily be coated with hydro-abrasive erosion registant
coatings. Some general guidelines are as follows:

e in the choice between a vertical shaft Kaplan and a Bulb, the Kaplan will normally have
lower relatives-velocity (see Figure 1). The serviceability and ease of coatlng is
approximately equal between the two;

e in [the choice between a Kaplan and a Francis, the Francis will normally have|lower
relative-velocity. On the other hand, the Kaplan runner has better access for apgplying
hyfire*abrasive erosion resistant coatings. The serviceability is approximately |equal
between the two;

e in the choice between a Francis and a Pelton the Francis will normally have lower relative
maximum velocity, which leads to less hydro-abrasive erosion in the Francis turbine.
However, the parts in a Pelton turbine that are subject to the relative maximum velocity
(i.e. the needle tips and seat rings) are small and have better access for applying
coatings. The Pelton turbine is also easier to service.

4.6.2.2 Specific speed

For the same plant lower specific speed machines are normally bigger and have lower water
velocities in the runner outlet. However, the water velocities are not lower in the guide vanes
and in the runner inlet. For Kaplan, Bulb and low head Francis turbines, most of the hydro-
abrasive erosion damage will be in the runner so the specific speed is important. For high
head Francis turbines much of the hydro-abrasive erosion damage will be in the guide vane
apparatus, so the specific speed is not so important.
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For Pelton turbines, the relative water velocity does not depend on the specific speed.
However, a lower number of jets is beneficial for a Pelton turbine since the buckets will be
larger which in turn gives less water acceleration in the buckets and thus less hydro-abrasive
erosion damage. A lower number of jets also reduces the time that each bucket is filled with
water.

4.6.2.3 Variable speed

Even though variable speed machines are not frequent, they are less prone to cavitation,
even under a wide head range operation. Due to this characteristic, the variable speed
machine may better resist hydro-abrasive erosion.

4.6.2.4 Turbine submergence

Cavitgtion and hydro-abrasive erosion may mutually reinforce each other. For this‘reas¢n it is
recommended that the turbine submergence is higher for plants where hydro-abrasive efosion
is expgcted.

4.6.2.% Runner blade overhang

During the refurbishment of a Francis turbine, the turbine output“is sometimes significantly
increased. One way to do this is to extend the runner band inside-the draft tube cone, inf order
to incfease the blade area and therefore improve the cavitation performance, see Figure 4.
Howeyer, this creates additional turbulence at the entrance“of the draft tube cone that will
increase metal removal if particles are present in the” water. A secondary effect pf the
overhanging blades is to create a lower pressure zone downstream of the runner band seal,
thus greating higher seal leakage and more hydro-abrasive erosion at the band seal. [These
negative effects are always present if a runner iscdesigned with overhang.

—

)
E 1 | Existing draft tube Iinej

IEC

Figure 4 — Runner blade overhang in refurbishment project

4.6.2.6 Thicker runner blades

Increased runner blade thickness, particularly at the outflow edge, gives some extra margin
before the removal of material on the runner blades becomes critical for the structural integrity
of the runner. Designing a thicker blade should be done with care. A thicker blade may reduce
the turbine efficiency and increase the risk for issues with von Karman vortices. Also, the risk
of cavitation damage on the runner band, downstream of the blade may increase (see Figure
5). In this context, it can be mentioned that hydro-abrasive erosion resistant coatings may
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provide a means to design thin profiles with only a marginal increase in the thickness due to
the coating.

oA,
e, f’,

Y

IEC
Figure 5 — Example of.cavitation on runner band due to thicker blades

4.6.2.Y Guide vane overhahg

When|guide vane overhang exists, the area underneath the guide vane will experiencg high
turbul¢nce and high recirculation and hydro-abrasive erosion may be significant in that region.
The hjgh turbulence ‘'may also influence the runner inlet at the band. It is recommengled to
make the overhang-as small as possible.

4.6.3 Mee€hanical design

4.6.3.1 General

If hydro-abrasive erosion is expected and the turbine type is defined, not only the hydraulic
design but also the mechanical design can take some precautions to reduce the hydro-
abrasive erosion rate and to allow easy maintenance or replacement of the eroded parts. In
this subclause some features are mentioned.

If a special coating is foreseen, the design of the coated parts shall allow the coating
application.

The following subclauses are divided into direct measures to reduce hydro-abrasive erosion
and measures to allow an easy maintenance to dismantle the abraded components.
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4.6.3.

2 Direct measures to reduce hydro-abrasive erosion or increase lifetime under

abrasive attack

4.6.3.2.1 Guide vane seals

There are three different types of seals: end seals, seals between the inlet and trailing edge
of two neighbouring guide vanes, and seals between the trunnion of the guide vane and
turbine head cover and bottom ring.

End seals may be provided in the end faces of the guide vanes. This type of seal is effective
in all operation modes. Another type of end seal is located in the adjacent headcover and
bottom_ring. This type of seal is only effective if the guide vane is closed. Both seal types

reduc

the leakage water flow through the small end gaps and reduce the hydro-abrasive
erosion of the adjacent components. However, the seals themselves are subject to, attack by
hydroqabrasive erosion and the lifetime of these seals may be limited.

The upe of guide vane end seals to avoid hydro-abrasive erosion is only~feasonable,| if the

seal lifetime extends over the time between overhaul or if it is possible toreplace them

pasily.

With deals located in the head cover and bottom ring, replacement is gaSier than with s¢als in

the g

Seals
closed
effecti

Figure

ide vane ends.

ve when the unit is closed without a closed inlet valve.

between the inlet and trailing edge of the guide vane «will' reduce the leakage [of the
distributor. The principle here is the same as for the end seals. This type of geal is

6 shows one example of seals between the guide vane trunnion and head covér and

bottonm ring. These seals reduce the leakage wateriin open as well as in closed position|of the

guide
seal r
coateq

stainless steel.

1N

vanes and have a positive effect on the hydro-abrasive erosion rate. The material|of the
ngs should be solid steel with relativelychigh resistance to hydro-abrasive erogion or

All seals should have a stainless steel or a hydro-abrasive erosion resistant

N

IEC

Figure 6 — Example of design of guide vane trunnion seals

counterpart.

coating
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A more effective method for reducing leakage at standstill is prestressing the guide vanes in
closed position. In addition, the trailing edge could be manufactured in a cambered shape, to
compensate for the guide vane deformation under pressure, that results in a closed gap with
the headwater pressure acting on the closed guide vanes.

4.6.3.2.2 Location of runner seals

The right location of the labyrinth rings in Francis turbines could also reduce the abrasive
attack on the labyrinth rings. Collecting abrasive particles in front of the labyrinth rings and an
increase in particle concentration should be avoided.

F aditim Aand hinh cnnacifin cnand tarhinac tha Iabhyvrinth rinmac cauld Arafarahhvy ha 1o t d
or meeir—and-high specific-speed-turbines—thelabyrinth-rngs—could—preferablybelocate

directly at the transition between the head cover and bottom ring and the outer rim |of the
runnef crown or band. This could help to avoid collecting particles in front of the labycinths.

If, du¢ to this position of the labyrinth rings, unbalanced axial forces oceur; this shall be
compgnsated in the layout of the balancing pipes or thrust bearing.

4.6.3.2.3 Protection of concrete with longer steel lining

In normal operating conditions, without abrasive particles, a st€el lining or other additional
protedtion should be provided if the flow velocity is higher than,6 m/s to 7 m/s. If the|water
contaips abrasive particles the protection should be extendéd to protect the concrete spurface
againgt hydro-abrasive erosion. In this case, the limit of the’flow velocity is recommenfed to
be 4 m/s to 5 m/s.

4.6.3.2.4 Shaft seal with clean sealing water

Shaft seals in units which are operated with.water which contains abrasive particles hpve to
be fed with clean sealing water. It should bé avoided that the contact surface or wpearing
surface comes into contact with abrasiveparticles.

The water has to be cleaned by applicable filters or cyclones which can sometimeq be a
challepge.

A stamdstill seal is recommended to protect the seal at standstill against the ingresgion of
water jcontaining abrasive. particles. If no standstill seal is provided and the tailwater pr¢ssure
is acting on the shaft.seal, the shaft seal should be fed with clean sealing water also during
standgtill.

The shaft seal'should also be easy to replace without having to dismantle other parts.

4.6.3.2.5 Facing plates on the head cover and bottom ring

Facing plates on the head cover and bottom ring at the ends of the guide vanes are effective
to reduce hydro-abrasive erosion. They are fixed on the head cover and bottom ring and are
removable.

If the expected hydro-abrasive erosion is high and if the accessibility allows it, and the facing
plates have to be changed often, it is recommended to fix the facing plates with bolts from the
dry side of the head cover or bottom ring. The bolts have to be sealed accordingly.
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Figure 7 — Example of fixing of facing plates from the dry side (balt\to the left

Normally the facing plates are bolted to the head cover or bottom_ring’ with stainlesy steel
bolts from the water side. The bolt heads have to be machined flush/with the surface |of the
facing|plates and a gap should be avoided. Changing this type of-facing plate takes morg time
than dhanging the facing plates from the dry side and is also{mote complicated if the [facing
plates|are coated. Please refer to Figure 7. If coated facing plates are used the bolting $hould
be from the dry side.

Accorgling to the expected hydro-abrasive erosion rate an alternative is possible. Instgad of
removiable facing plates a stainless steel overlay.-may also be used. If the guide vangs are
large ¢nough to access the stainless steel overlay.the repair could also be done in situ.

4.6.3.2.6 Stainless steel overlay in ruaner chambers

In Kaplan and tubular turbines, it iss\*recommended that the runner chamber is |either
completely made of stainless steel@r protected with thick stainless steel overlay. THis will
increase the lifetime of the runnerlchamber. The repair of any eroded surface can be d¢ne by
a new welded stainless steel.overlay, welding on of stainless steel tiles or a thermal|spray
coating.

4.6.3.2.7 Stainless sSteel overlay on head cover and bottom ring

Also the water exposed surfaces of the head covers and bottom rings are subject to pydro-
abrasive erosiofi~Applying a stainless steel overlay or stainless steel protection pldtes is
recommended, especially in areas of discontinuities or flow changes. Repair of stainles$ steel
overla[/ncan be done by new welded stainless steel overlay, welding on stainless steel tjles or
a thermal, spray coating.

4.6.3.2.8 Increase of wall thickness

Increasing the wall thickness is one of the methods to increase the time between the
overhauls of a component due to hydro-abrasive erosion. Increasing the thickness of
hydraulic components such as runner blades, is discussed in 4.6.2.6.

For structural components, which do not influence the efficiency, the wall thickness can be
increased in critical areas to avoid early failure of the component due to higher stresses.
Typical components are guide vane trunnions, increased wall thickness at discontinuities in
head covers, bottom rings, guide vanes and stay vanes.

One important item is to have enough wall thickness in embedded steel pipes — especially if
pressure relief or balancing pipes from head covers are used. The bends of these pipes are
particularly subject to strong abrasive attack due to sudden changes in water flow direction.
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Therefore these pipes should have increased wall thickness, and pipe bends with a greater
radius should be used. Please see Figure 8 for typical balancing pipes.

When such balancing pipes are used, they should also be designed for low water velocity,
taking into account any increased leakage of the labyrinth seals. It may be reasonable that
the total area of the balancing pipes is at least three times the clearance area of worn
labyrinth seals. It is, of course, also possible to accomplish the balancing with holes in the
runner instead of separate balancing pipes.

IEC

Figure 8 — Head covernbalancing pipes with bends

4.6.3.2.9 Thrust bearing

In Frahcis turbines, the axial thrust may depend on the amount of leakage over the lalyyrinth
seals pnd therefore the clearance of the labyrinth seals. If hydro-abrasive erosion is present,
the thfust bearing may be designed to handle additional load so that the unit can be opgrated
with spme hydro-abrasive ‘erosion of the labyrinth seals.

4.6.3.8 Design concepts to allow easy maintenance or replacement
4.6.3.8.1 Geuqneral

If the pomponents are damaged by hydro-abrasive erosion and have to be replaced, it is very
imporfant  that the replacement or repair can be carried out quickly and easily to neduce
downt ion | i i i i i during
the concept stage of planning of the powerplant and the design has to take this into account.

4.6.3.3.2 Component removal

The main components which have to be replaced or dismantled for repair in Francis turbines
are the runner, the guide vanes, the labyrinth seals and the facing plates. The removal of the
runner and lower cover from the bottom enables a quick dismantling without removing the
generator, operating mechanism and headcover.

If, for specific reasons, the dismantling from the bottom of the unit is not possible, a
“dismantling from the middle” in the direction of the turbine floor also makes the removal of
the runner easier because the generator could remain in place. However, the headcover and
operating mechanism have to be removed.
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To facilitate the dismantling of the runner, the coupling between the runner and turbine shaft
should be easy to assemble and disassemble. Especially, if the maintenance management is
planning to use two runners (one in operation, one in service) for one unit (one shaft). Friction
type couplings or couplings without necessary mechanical joint machining on site are possible
solutions.

4.6.3.3.3 Appropriate design for coating

The resistance of the components against hydro-abrasive erosion can be considerably
improved through appropriate hydro-abrasive erosion resistant coating. The extension of the
service life of a coated component which can be achieved depends on several factors, for

example:
e component and turbine type;
e hepd and discharge;
e pafticle concentration and composition;
o flow conditions around the component.
Hydrotabrasive erosion resistant coatings are usually not effeCtive against cavitation.
Depending upon the intensity of cavitation, the coating may be locally destroyed after & brief
period.
The fgllowing main components, classified according to the(type of turbine, can be consjdered
for copting, either fully or partially according to the présent status of technology. Specific
coating schemes should be decided based on th€ ‘wecessity for hydro-abrasive efosion
protegtion, accessibility and economy:
Franc]s turbine, pump, pump turbine:
e Runner
— | labyrinth seals
— | if possible the entire flow,_channel. If access for coating is difficult the coated|areas
may be limited to the suction side of runner outlet, the band and runner inlet. Note that
the part limiting the Francis runner lifetime is normally the runner blade pressure [side
— [ runner crown and band
e Guide vanes — complete blade, trunnion seal rings
e Hdadcover — labyrinth seals, facing plates
e Bottom ring-xtabyrinth seals, facing plates
Pelton turbine:
e Runner — internal surface of the hucket except root area if non-destructive testing is
required
e Needle tip
e Seatring

e Nozzle housing

e De

Kapla
e Ru
e Ru

flector (if used for long time)
n, propeller and bulb turbines:

nner blades

nner hub (in extreme cases)

e Guide vanes (in extreme cases)

e [a

cing plates (in extreme cases)
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The application of thermal spray should be carefully considered for components, which are
subjected to greater expansions conditioned by their function. In the case of a seat ring, at
head greater than 1 000 m, the expansion of the seat ring can lead to cracks in the coating
and thus the failure of the component.

The coating layer thickness and the tolerance of the coating layer thickness should be taken
into consideration in all the components, whose function places high requirements on strict
tolerances. This is, for example, the case for labyrinth seals, as well as between facing plates
and guide vanes.

The residual stresses in thermal spray layers may lead to chipping off and cracks at sharp

edgesmmmmWWQes is
recommended to be minimum 0,5 mm and in corners minimum 1 mm at present-status of

technglogy.

4.6.3.3.4 Exceptional use of carbon steel as base material

In general, stainless steel is recommended. However, the use of carpon ‘steel can also be
considered for economic reasons (with possible increased risk of_Cerrosion and adlesion
failurej).

4.6.3.8.5 Accessibility for thermal spray coating

A minjmum space is required for the application of a thermal spray coating. Hydraullc and
mechanical design should consider the limitation for accessibility for thermal spray coatipg.

Fingel labyrinths have small space between the fingers thus special solutions may be adopted
such @s concentrically split seals. For step labyrinths it could be an advantage to |use a
straiglt gap or to optimize the shape of the~Step regarding accessibility for thermal|spray
coating. However, this may influence the sealing performance of the labyrinth. See Figure 9
below

120°

5

IEC

Figure 9 — Step labyrinth with optimized shape for hardcoating

5 Operation and maintenance

5.1 Operation

The following actions are recommended for consideration during operation of the units.
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e Temporal shut down of the units and closure of the intakes in periods of high
concentrations and/or coarse particles. The switch-off concentration is typically above 1
g/l or several 10 g/l. The switch-off concentration results from a site-specific economic
optimization, typically based on operation and maintenance records. This may prevent
excessive hydro-abrasive erosion on the unit for a small amount of production loss. This
strategy can be particularly useful for run of river schemes, where a significant variation in
particle concentration can occur in a short time. It is recommended to install an early
warning system to measure the upstream particle concentration manually or automatically,
and to stop the unit before the water with large particle concentration reaches the intake.

e In case water with high particle concentration has been standing in the penstock for a long
time, particles may deposit at the bottom of the penstock. It may then be difficult to open
th arve A S ‘;” ray—10€ ‘G”i’ Het O v, v ', peCial
sygtem, and open the penstock drainage valve to flush out particles immediately in\ffont of

¢ inlet valve. In this case it is important to analyse the possible consequenges-on main

gafes, if any, due to large amount of air into the penstock.

v v, O Oty

e Mipimize the amount of debris passing through unit. Large solid items, for ‘example logs,
gravel (larger than 2 mm), etc. may damage the hydraulic surfaces- and any hydro-
abrasive erosion resistant coatings. Damage to hydraulic surfaces™may increage the
turbulence of the flow, which will, in turn, increase the hydro-akrasive erosion damage.
This is especially important for high head Francis and Peltonunits, since the|water
velocities are very high and these units rely on smooth hydraulic surfaces to ke¢p the
turpulence low.

e Dg not operate the unit in case the hydro-abrasive erosioh damage jeopardizes the [safety
of |operation. As the hydro-abrasive erosion damage’ progresses the unit will eveptually
befome unsafe to operate. This could for example\be due to the seal leakage incrgasing
so| much that the axial thrust exceeds allowable limits or that the remaining mpterial
thickness of some component falls below. acceptable minimum thickness. Rggular
ingpections of critical components should (he’ made at least every year and inspection
regults compared to predefined acceptance criteria and with the results of the latept and
eaflier inspections.

e For Pelton turbines the best ratio of \produced electricity to hydro-abrasive erosion is|at full
opening of one or more nozzles,€ontrary to other turbine types, Pelton turbines allpw for
reducing the hydro-abrasive erosion with reduced load by fully closing individual nqzzles,
if dllowed by the mechanical.design of the turbine.

e For Pelton turbines leakage flow through closed nozzles may cause severe |ocally
copcentrated hydro-abrasive erosion in seat rings. Closing the upstream spherical jalves
at |standstill avoids ‘this problem. In severe conditions it can be favourable to|avoid
operation of someé nozzles while others are closed (operation restriction at part load)

e Fof other types:of turbines the best ratio of produced electricity to hydro-abrasive efrosion
is |obtained~at the largest opening. Avoid no load or low load operation as much as
popsibleNo load and low load operation are the worst operating conditions with réspect
to hydro-sabrasive erosion for most components and turbine types.

water
leaking past the guide vane clearances will have very high velocity, close to the free
spouting velocity. This will cause hydro-abrasive erosion in the guide vane apparatus. By
closing the inlet valve this hydro-abrasive erosion is eliminated. Closing the inlet valve is
especially important for high head units.

e Hardcoatings are very sensitive to cavitation. Thus, in machines with such coatings all
operating conditions that lead to cavitation should be avoided:

— Strictly stick to the recommended operating range for the turbine;
— Pelton turbines: Watch for good condition of the interior surface of the nozzle,
including nozzle tip and seat and for proper alignment.

See comment in Clause 7 regarding cavitation requirements.
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5.2 Spares and regular inspections

e Keep additional spares in stock for parts subject to hydro-abrasive erosion. In case of

severe hydro-abrasive erosion a complete set of exchangeable parts (for example
vanes, facing plates or head covers, bottom rings and runner) may be kept and exch

guide
anged

at regular intervals. The parts taken out can then be repaired without influence on the

downtime.

e Inspect critical components at least once per year and compare inspection results to
predefined acceptance criteria and to the results of the latest and earlier inspections.

Keep adequate records of the amount of hydro-abrasive erosion damage for

each

component. It is recommended that the depth of maximum metal loss be measured and

recorded together with pictures of each component subject to hydro-abrasive e

rosion

damage. Please see also Annex B.

5.3 |Particle sampling and monitoring

It is important to keep permanent records of the concentration and propetties of ab
particles in the water. Water samples can be taken at predetermined intervals-and analy
a labgratory. In addition, several types of instruments for continuous monitoring of the p

rasive
sed in
article

conceptration have become available, but the accuracy for nparticle concenfration
measurements under site conditions is very low. They can be used for making opgration
decisipns to avoid periods with extreme high particle concentratiens:’If it is to be used fpr this
purpose the measuring station should be carefully selected to/give sufficient warning tp stop
the unfit before the high particle concentration reaches the intake.
It is important to distinguish between the particle conCentration in the river and the pparticle
concepntration in the water that passes the turbine. Atumany sites, especially if there is g large
reservoir, there can be a significant difference between the two. This can in some cases| make
it necgssary to install two different sampling systéms.
Normally a powerplant will have a period(s) with high particle concentration and| other
period(s) with low particle concentrationy,;See Figure 10. As can be seen the concenfration
may change in a very short time.
> A Measured particle concentration
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Figure 10 — Sample plot of particle concentration versus time
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In the low particle concentration period, where there are only small absolute variations in the

conce

ntration, the sampling can be done once per day or week.

In the high particle concentration period the sampling has to be done with a frequency
between 1 h and 6 h, depending on the concentration difference between consecutive
measurements. The final interval should be selected so that at least three measuring points
are defining each peak of particle concentration.

If historical data on particle properties is already available a calculation for the sampling
interval is given in Annex E. Please see also Annex C for further information.

For the measurement of shape, hardness and size, it is recommended to take at lea

sampl
Ksize I
of the

e per month for the first year of operation. If the variation of the Ky 3 qness: Ksha
5 less than 10 % the sampling interval can be doubled after the first year. If the“val
Khardness' Kshape @nd K, is more than 20 % the sampling interval should’be hal

soon as this variation is detected.

It is al
minim

e OU

so recommended to keep continuous records of operating parameéters of each uni
Lim the following parameters should be recorded:

fput;

e didcharge (if available);

. hy
e tai

° gu

fraulic specific energy (or head);
water level elevation (TWL);

de vane angle or servomotor stroke;

e runmpner blade angle (if applicable);

e Nnu

mber of nozzles in operation (for Pelton-units);

e wdter pressure on the head cover (fefFrancis units).This gives an indication of the

ab

rasive erosion of the labyrinths;

o digcharge of the headcover halancing pipes (if applicable). This can give an ind

ab

e a

X

but the wear of the labyrinth seals;

al thrust (if applicable or‘available).

It shquld be possible™to relate the operating parameters to the records of p

conce
obser

Vibrat

htration and particle properties. This information can be used to correlate wi
ed damages:

on and\neise could also be an indication for hydro-abrasive erosion.

6 Miaterials with high resistance to hydrn-ahrr—ici\/p erosion

6.1

6.1.1

5t one
e and
[iation
ed as

. At a

nydro-

cation

article
th the

Guidelines concerning relative hydro-abrasive erosion resistance of materia
including hydro-abrasive erosion resistant coatings

General

Is

Several comparative tests of materials against hydro-abrasive erosion have been performed.
It is however, difficult to compare the results of different tests to each other. The results can
therefore be confusing. It was chosen not to report any such tests in this document.

In addition to the resistance against hydro-abrasive erosion several other factors should be
considered when selecting a hydro-abrasive erosion resistant coating, such as:

e how easy it is to apply the coating;
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e how easy it is to repair the coating;

e how thick is the coating layer. A thick layer of a material with a lower hydro-abrasive
erosion resistance index may have longer lifetime than a very thin layer of a material with
a high hydro-abrasive erosion resistance index;

e the dimensional tolerance of the coating;

e how easy it is to remove the coating.

6.1.2

Discussion and conclusions

Protection of hydro power plant equipment by using materials with high resistance to hydro-

abrasive _erosion or hydrao-abrasive erosion resistant coatings can often increase the i

etime

betwe

At pre
machi
variou

The th
abrasi
Franc
coatin

note that substantial variations in hydro-abrasive erosion&resistance are present be

differg
enviro

Some
tolera
Kapla

Stainl
erosio
steel

abrasi
coatin
impro

electrgdes, such as Co-Cr:C alloys.

Other
hydro

6.2

En major overhauls.

hes is thermal sprayed tungsten carbide cobalt chromium, WC-CoCr_Sometime
S5 types of polymer coatings (sometimes referred to as “soft coatings")are used.

ermal spray coating, often referred to as “hardcoating”, can be’applied to most
Ve erosion prone components. One important exception is-small and mediun
s runners, where it cannot be applied to certain surfaces due to access limitationg
g shows very good hydro-abrasive erosion resistance, if applied properly. It is w

nt thermal spray versions. This is due to yariations in powder compo
nmental conditions during application and spray parameters.

imes polymer coatings may also be an optien;, but only on surfaces not requirin
nces. These coatings, if used, are thereforevrestricted to water passages in Franc
h turbines.

bss steel facing plates or stainless(steel overlay welds can increase the hydro-ab
n resistance compared to carbon steel. It is common to protect, for example, d
head covers and bottom rings-with stainless steel at sensitive locations. The

j. Abraded stainless steelfacing plates are relatively easy and quick to replace. H
ement in hydro-abrasive erosion resistance is achieved by special hard overlay

turbine components, but are less common.

Guidelines concerning maintainability of hydro-abrasive erosion resistant cq
matepials

sent, the most common hydro-abrasive erosion resistant coating material in hydraulic

5 also

nydro-
N size
. This
brth to
tween
sition,

y tight
s and

rasive
arbon
nydro-

Ve erosion resistance of stainless steel is far from the level of thermal spray or pelymer

urther
weld

coating materials different from those reported in this clause have been applied to

ating

6.2.1

Defimtom of terms used T this subcause

1) Overhaul: Restoration of entire part to the original geometry and quality level including

ne

w protective coating.

2) Repair: Localized treatment of parts at worn areas to the following extent:

6.2.2

Repair A: Improve hydraulic shape just by grinding;
Repair B: Restore hydraulic shape by welding and grinding;

Repair C: Re-apply coating on prepared surface, after A or B.

Time between overhaul for protective coatings

Protective coatings that have been deposited onto part surfaces will also be subject to hydro-
abrasive erosion but at a considerably lower rate than the underlying steel. After a certain
period of operation the coating will be worn off and the underlying steel will appear. From this
moment on, the hydro-abrasive erosion progresses at a higher rate on such stripped areas,
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leading to a modification of the geometry of the hydraulic profile. At a certain stage of
damage, the owner has to stop the production and replace the worn parts by new or
overhauled ones.

The level of hydro-abrasive erosion at which the overhaul is necessary is basically the same

as for

unprotected hydraulic parts and given by the following points:

1) As soon as safe operation is no longer possible, the overhaul has to be carried out: for
example, when the wall thickness of a part is reduced to a level where mechanical
integrity of the part can no longer be assured and injury to people or substantial damage

to

the entire turbine is possible.

2) Pr
ha

These

Prope
optimi

H| l £ . HIT| ] 1 H ! H H ) 1 1L
UVIUcCU :alcty LIS) Dtlll Clriourcu, tllc cLuriarrical UIJtIIIILIIII IIItCIVCAI UCtVVCCII uvcTritauls

s to be found. Delaying the overhaul/repair will result in

additional risk for unplanned stops and related production loss;

reduced efficiency;

increased overhaul cost and overhaul time because of accelerated, base-material

items should be balanced against the cost of the overhaul / repais.

[ planning of repair and overhaul will help the owner to avoid unplanned stops an
e production. Before the powerplant is built the optimum’ time between overhat

be estimated using a model cited in 3.1 or 3.2.

Once
consid

6.2.3
In ord

specis
accurg

During

the plant has been operated for some time_a\more refined estimate can be
ering previous experience.

Repair of protective coatings

er to achieve best quality it is recammended to execute overhauls and repair
lized workshop with the neces$ary equipment and the space for clean, saf
ite access to all areas of the patt.

extend
it fro

the time between overhauls. In-situ repair means treating the part without withd
the turbine. In some cases (mainly horizontal Pelton) also an in-situ repair

coating should be discuSsed as it might be feasible and could be the best solution. EX
care ghould be taken-te-protect all relevant parts (including generator) from the dust, ¢
suitabje ventilation«during the works. Please see also Table 2.

In cade of repairs the amount of damage and the necessity of welding and heat trea

plays

signifieant role in the decision if the repair of the coating can be done on-site.

grindipgwithout welding or only minor welding repairs are necessary, re-applying the c
may b ‘done on-site with mobile equipment.

pairs

loss.

d thus
| may

made

5 in a
e and

short standstill periods.in=situ repairs of types A and B may be envisaged in onder to

awing
of the
treme

.g. by

Ltment
f only
oating

On-site reapplication of hard coating may be done for fully coated Francis runners or Pelton
runners. For these components the amount of damage is in most cases very small compared

to the

whole coated area.

Table 2 — Overview over the feasibility for repair C on site

Coating type Feasibility Remarks
Hardcoating Possible, but poor quality Poor bond strength on remaining coating. Poor operator
safety if manual spray in narrow spaces (e.g. in Francis).
Polymer coating Possible Clean and humidity controlled environment necessary to
achieve good quality.
Weld overlays Possible for easily Pre-heating may be required. No stress relief heat treatment
accessible locations possible and thus, for certain alloys, risk of cracking.
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In-situ repairs of type B and C are particularly recommended for Pelton runners in order to
reduce unwanted flow turbulence due to hydro-abrasive erosion induced shape changes of
the cutting edge and the inlet edges.

7 Guidelines on insertions into specifications

7.1

General

This clause presents a recommended approach which owners could and should take to
ensure that specifications communicate the need for particular attention to different aspects
such as machine type, hydraulic design, mechanical design, etc. at their sites without

establjshing criteria which cannot be satisfied because the means are beyond the cantrol of

the m

Cavitg
4.6.2 4
cavita
cavita
can, f
plant g

The fq
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year §
(see

particl
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recom
repres
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The s
in the
accorg
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If a hy
should

criteria. Also the)récording needed to measure the actual PL and how this data sho

comm

nufacturers.

L. Also some popular hydro-abrasive erosion resistant coatings are-more sensi
ion damage than stainless steel. For this reason, it is recommended’that more st
ion requirements are used for plants where hydro-abrasive erosion is expected
br example, mean that sigma plant should be higher than sigma’incipient and th
hould be operated accordingly.

reseen philosophy for overhaul and repair / replacement of abraded parts sho
Lnicated. A suggestion for how to define criteria for,overhauls is in Annex F. The t
nd duration when maintenance is allowed should{be stated. Desired design fe
Clause 4) should be specified. It is important™\t0 communicate clearly the da
s expected to pass through the turbine (which may be different from the parti
er) at different periods of the year and the corresponding operating conditions
b, It shall be possible to calculate PL based on this data. The following tables
mended format. The time periods inxthe tables should be chosen to give the
entative picture of the particle contents and operation. Special attention should b
ods with high particle concentratiof.

pecification should require the“supplier to provide a report, based on the data pr
specification. The reportushould estimate the expected hydro-abrasive erosi
ance with the guidelinésyin this document, and estimate the required overhaul i
erhaul scope for safe’operation of the unit.

dro-abrasive erosion guarantee is agreed between the owner and the turbine supq
specify the RLthat is guaranteed between overhauls, based on some agreed ov

Lnicated between the parties shall be agreed.

tion and hydro-abrasive erosion may mutually reinforce each other as“explaiped in
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Properties of particles going through the turbine

7.2
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Table 3 — Form for properties of particles going through the turbine
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In column “Period” select the appropriate inferval.
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Refer to Annex D for further details.

b
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Annex A
(informative)

PL calculation example

This annex gives an example of how to calculate PL. In order to illustrate the process we
consider only a short time duration and a small number of particle measurements.

Assume that we have a turbine that started operation on May 5 at 22 h and stopped on May
10 at 15 h. During this time 8 water samples were taken and analyzed for particle
conceptration—One—of the samples—was—in—addition—analyzed for particle—size—and particle
hardness. The particles had similar shapes as in Figure D.1 b). The results were as-shpwn in
Table|A.1.

Table A.1 — Example of documenting sample tests

ID Date, Event Particle concentration Particle size, dP50 Fraction harden than

Time Mohs hardness|> 4,5
kg/m?3 mm %

0 May 5, Start - P -
22:00 turbine

1 May 6, Sample 4,5 - -
06:00 taken

2 May 6, Sample 4,9 - -
10:30 taken

3 May 7, Sample 4,7 - -
04:30 taken

4 May 7, Sample 4,1 - -
16:30 taken

5 May 8, Sample 3,8 - -
08:00 taken

6 May 9, Sample 4.4 0,069 73
01:00 taken

7 May 9, Sample 4,6 - -
14:00 taken

8 May 10, Sample 4,9 - -
00:30 taken

9 May 10, Stop - - -

15:00 turbine

The fgrmdla to calculate PL with discrete samples is:

N
PL = zcn x Ksize,n x Kshape,n X Khardness,n ><Ts,n

n=1
where
Ch is the particle concentration in kg/m3 for each sample;
Ksize is the same numerical value as the median particle size, dPgg, in mm. Since only

one sample was analysed for particle size we use this value for all samples;

Kshape = 1,5, see Annex D (only the shape of the abrasive particles is relevant);
Khardness 1S the same numerical value as the fraction of particles harder than Mohs 4,5. For

components in 13Cr4Ni stainless steel this will be the hardness of the steel on the
Mohs scale. Note that the value should be the fraction, not the number of percent.
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Since only one sample was analyzed for particle hardness we use this value for all

samples;

Ts.n is the time interval to consider for each sample. For n = 1 we use the time from
turbine start until half the time between the first and second sample. Likewise, for
n = 8 we use the time from half the time between the seventh and eigth sample
until turbine stop. For n = 2 to n = 7 we use the time from half the time between
samples (n - 1) and n to half the time between samples n and (n + 1);

N is the number of samples = 8.

On the basis of this data we can now establish the following Table A.2.

Table A.2 — Example of documenting sample results

n C, Ksize.n Kshape,n Khardness,n Tsn PL,
kg/m3 h kg x h/m?3

1 4.5 0,069 1,5 0,73 10,25 3,48
2 4,9 0,069 1,5 0,73 11,25 4,16
3 4,7 0,069 1,5 0,73 15 5,33
4 4,1 0,069 1,5 0,73 13,75 4,26
5 3,8 0,069 1,5 0,73 16,25 4,67
6 4.4 0,069 1,5 0,73 15 4,99
7 4,6 0,069 1,5 0y73 11,75 4,08
8 4,9 0,069 1,5 0,73 19,75 7,31

Total 113 38,2

This $hows that during the 113 h of:eperation this turbine was exposed to a|PL
38,28 [kg x h/m3.
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Annex B
(informative)

Measuring and recording hydro-abrasive erosion damages

B.1 Recording hydro-abrasive erosion damage

The following is a guideline to measure the hydro-abrasive erosion of the individual parts of

machines.

differgnt power plants in such a way that the measurement is always the same so. ths
can b¢ compared to each other. Based on this hydro-abrasive erosion damage, togethe
measurements of the particle load, the goal is to get reliable predictions of safe Operatic
inspegtion intervals for the future.

During an inspection of the parts, it is important to gather as much dnformation as pd

The %oal of this guideline is to get reliable results of the hydro-abrasive erosion\rpte of

t they
r with
n and

ssible

and the following should give a guideline for the minimum requirements during an inspection

for hy@lro-abrasive erosion damages.

In general, parts should be marked so that they can easily be identified before
photographed. The project name, blade / bucket number, ‘date of inspection and num
operafing hours should be written on the component. /nthe case of a picture series (6

being
ber of
.g. all

buckels of a runner) this information should be writfen” at least on the first bucket and the

other puckets have to be numbered. In this case the pictures should be named in such
that a|series can be identified. The pictures shoild’be taken electronically with at least
5 megfapixel camera, so that details can be seea:

For each component a log book should pe*made, starting with its commissioning and 4

a way
with a

ending

with its disposal. The following items.should be noted in the log book and be possible to

correlate with the operating parameters:
e paJt number (individual number stamped into the part, e.g. runner number). Thig

cldarly identify the part during its operation and to avoid mix-up of earlier collected d
e dafe of commissioningjincluding the meter reading of the total unit operating hours;

o dafe of inspectiopn; sincluding the meter reading of the total unit operating hours a
status of the part after inspection, for example

— | continuedin-operation,
— | extracted for repair,
— | extracted for standby,

is to
hta;

nd the

rcli al

vty oot =
- cAtattTCOToT arSpoSarn,

- etc.,

e observations and measurements made during inspection, in accordance with the following

clauses.

It can be noted that declining maximum output may indicate progressing hydro-ab
erosion damage.

B.2 Pelton runner without coating

At first, photos of all buckets should be taken in such a way that both halves can be
Camera position shall be above the centre of the bucket. Sketches of the hydro-ab

rasive

seen.
rasive

erosion damages or any other noticeable features like impact damages of stones should be

made in parallel, marking certain features on the bucket and photographing them.
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The bucket number has to be seen in every photo. In addition, the first bucket should have the
following information: project, hours, date of inspection.

At least four buckets, randomly selected, have to be examined as described below:

— Measure the bucket hydro-abrasive erosion from original profile by using templates at
minimum 5 points per half bucket and at least 3 locations (front, middle, back). The gap
between runner and template has to be measured and also a sketch of the section
showing the measured points should be made.

— While the template is being held in the bucket, photos should be taken so that the gap
between template and bucket can be seen and a ruler should be held in such a way that

the

B.3

Photo
seat ri

If the
defect

If poss
book.

Photo
see g4

B.4

All bu
the fol

Templ
there

map 1
local ¢

If the

.g. the one with the highest hydro-abrasive erosion rate.

e splitter width on top has to be measured at the position of the 3 templates;-Ad
btos to show special features should also be taken with a ruler held next to) the fe
See the dimensions.

Needle tip and mouth piece without coating

5 should be taken in closed needle tip position to see anygaps between needle
ng; use ruler to document dimensions as described earli€y for the runner.

bieces are disassembled, individual photos of parts,should be taken. In both casg
s should be photographed individually.

ible a measurement of the leakage with closed injectors should also be noted in t

5 should be taken to give an overview of parts (if taken apart) and in closed posi
Ips between the parts.

Pelton runner with hardeoating

kets have to be photographed. The procedure is the same as for uncoated runne
lowing exceptions:

ates are notwneeded for the hydro-abrasive erosion measurement as in most
s enough,coating left so that the original contour is still visible. It is thus advisa
najor defects and make individual depth measurements along with pictures of
efects.

ucket,

itional

ptures

p and

bs any

he log

ion to

s with

cases
Dle, to

ypical

coating on the splitter edge has been completely eroded measurement of the §

plitter

width should also be made.

B.5

Needle tip, seat ring and nozzle housing with coating

The procedure is the same as for uncoated runners with the following exceptions:

Measurement of areas where coating failed with a sketch, a depth measurement and photos
should be included. The transition from coated to uncoated areas should be photographed
and possible height of steps as well as possible width of gaps between the seat ring and
nozzle housing should be recorded.
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B.6 Francis runner and stationary labyrinth without coating

The measurement of the hydro-abrasive erosion should be done as follows:

1) the trailing edge thickness should be measured at 8 points equally spaced over the length
of the trailing edge. This should be recorded together with a sketch with exact location
descriptions;

2) the hydro-abrasive erosion depth of the blade at the transition to the band at the entrance
edge should be measured.

At least three blades should be measured e.g. the most worn, the least worn and an average
blade.

In addition to the overview photos, close-up photos of areas with hydro-abrasive €roSidn with
a skefch of the location of photos should be supplied in the report. At least(all areafs with
major |damages have to be photographed. The transition area band-blade and the blad¢ near
the band is where the highest hydro-abrasive erosion usually occurs and should be|given
specidl attention. A mirror could be helpful e.g. at the pressure side of the outlet.

On argas of major hydro-abrasive erosion damage the depth shouldbe measured and photos
taken |to see how it was measured. A description of the measurement technique shopld be
given.

In the|dismantled condition, the complete outside of theSrunner and the rotary and stationary
labyrinth, as well as overview and details should be photographed and recorded in sketdghes.

The gap between the runner and the facing platesishould be measured and photographgd.

B.7 |[Francis runner with coating and stationary labyrinth

For al| blades a sketch should be made of the areas with damaged coating with locatign and
sizes pf the areas.

The depth of the eroded areas’ on the blades should be measured and the maximum values
should be recorded. The method of the measurement (e.g. with curved ruler/template) $hould
be explained, if possible.with a sketch. Photos of the measurements should also be incfuded.
Detailgd pictures where-more information is gained may be added.

If the|coating iS/eroded away at the trailing edge: see measurements for Francis without
coating.

The gap'between the runner and the facing plates should be measured and photographdd.

B.8 Guide vanes and facing plates without coating
Overview photos and detail photos should be taken and their location indicated in a sketch.

If the damage is so high that no reference point exists anymore only pictures to show
damages may be taken.

If reference points still exist the hydro-abrasive erosion measurements on facing plates
consist of measuring the biggest gaps between guide vanes and facing plates at minimum 4
vanes.

A simple indication of the hydro-abrasive erosion damage to the guide vane apparatus
consists of measuring the spiral case pressure at standstill with closed guide vanes and MIV
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closed but open main inlet valve bypass. This may be logged automatically during normal MIV
opening together with HWL, TWL, date and time.

An additional indication can also be logged by recording the time it takes for the turbine to
stop after a shutdown with the MIV open. The hydro-abrasive erosion in the guide vanes will
cause leakage in the guide vanes when they are fully closed. This will cause the unit to use
longer time to stop when shutting down.

B.9 Guide vanes and facing plates with coating

Overv'n\u nhotos and datail nhatae chauld ha talkan and tha lacatian markad in o clkkatoh Each
W-pHeteS—ahe—aeaH—pPHetesSSHethe—Be—taxeiahaHe+ocattohi-HatkeatHh—a-Sketch

guide lvane should be photographed and all damages recorded together with a sketch.stowing
the exjact location and extent of each damage.

The depth of hydro-abrasive erosion for every case of damage should be measured apd the
maximum value for each case recorded. The way of measuring should be explained and some
photog$ given (e.g. curved ruler, template).

B.10 | Stay vanes

Hydrotabrasive erosion is normally not an issue on the stay vanes due to lower veldcities.
Howeyer, failure of stay vanes can have dramatic conseguences and stay vanes should also
be inspected regularly. No particular inspection records-for the stay vanes are included [in this
clausqg, but a simple note stating if damage has oecurred or not, together with pictufes, is
recommended.

If hydfo-abrasive erosion has occurred the thiekhess should be measured using templgtes of
the stay vane geometry. If the stay vane thickness is reduced by 20 % or more, the stay vane
should be checked by carrying out a stress*analysis.

B.11 | Francis labyrinth seals uncoated

It is rgcommended to carry out measurement of the leakage flow rate from the upper geal (if
possiljle) once a week in the ‘wet season and once a month in the dry season.

B.12 | Kaplan un¢odted

The mleasurement of the hydro-abrasive erosion should be done as follows:

The trpiling edge thickness should be measured at 5 points equally spaced over the length of

the trﬂlllnn adaa Thic chaould ha roacor daod tocaothaor aagth o cleatolhh agth Aot | nation
Illllu \.uy\.. LR =] EARAvAT A | L= A~ rcevurucu LUH\;LII\'I vvierT «“ SINCLUTT LAALY A “AUUL T

descriptions.

At least three arbitrarily selected blades have to be inspected.

A report with several kinds of photos should be made. In addition to the overview photos,
photos of areas with hydro-abrasive erosion with a sketch showing the location of photos
should be supplied in the report. At least all areas with major hydro-abrasive erosion have to
be photographed.

On areas of major hydro-abrasive erosion damage the depth of hydro-abrasive erosion should
be measured and photos taken to see how it was measured. A description of the
measurement technique should be given.
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Additionally the gaps between the outer diameter of the blade and the discharge ring have to
be documented.

B.13 Kaplan coated

For all blades a sketch should be made of the areas with damaged coating with location and
sizes of the areas.

The depth of the eroded areas on the blades should be measured and the maximum values
should be recorded. The method of the measurement (e.g. with curved ruler/template) should

be ex lainad if haccihla wwith o clkateh Dhnatac of tha maoacuramant chaould alen hgo ine uded
....... P OSSTEe— Y HtH—a—S Kk eteH— 1Ot 8S— O+ e HreaSure eSO tHa—rS e .

Detailgd pictures where more information is gained may be added.

If the poating is completely eroded at the trailing edge: see measurements for Kaplan without
coating.

Additipnally the gap between the outer diameter of the blade and the discharge ring should be
docunjented.

B.14 | Sample data sheets

The dpta sheets for recording hydro-abrasive erosion damage should necessarily be specific
to eadh project, taking into account the specific desigf of the unit, the actual hydro-abrasive
erosion pattern and what measurements are easily accessible.

If possible the records should directly show the hydro-abrasive erosion depth of the pgarts in
mm. Jometimes this is not possible since thére is no convenient undamaged surface {o use
as a reference to measure from. In such cases other measurements can be taken from|which
hydroqabrasive erosion depth can be cal¢ulated with help from the turbine design drawings.
Sketches that explain the measurements should be included in the data sheets.

Hydraplic machines often contain several design elements with multiple componepts of
exactly the same shape. Examples are runner blades and guide vanes. As explained [above
the hyldro-abrasive erosion depth and location in the turbine of several individual compgnents
should be recorded in such cases. It is normal for the hydro-abrasive erosion depth tp vary
significantly between the)individual components.

The hydro-abrasive*erosion depth on the same component usually varies with location pn the
compg@nent. It7is recommended to record hydro-abrasive erosion depth in a few fypical
locatigns on-the component. In each location the maximum hydro-abrasive erosion|depth
should be'considered.

Enclosed below, are a set of sample data sheets for recording damage in a high head Francis
turbine and a Pelton runner, see Tables B.1 to B.11. The data sheets may need to be
modified to fit the actual damage and component shape. Inspection records should be
suitable for the areas with maximum hydro-abrasive erosion and areas that may affect the
safe operation of the unit.
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Table B.1 — Inspection record, runner blade inlet form

Plant

Unit Nb

Date

Sign

Hub

Band

IEC

Blade number

Hub erosion depth, D,

Band erosion depth, D,

1

O || N[l |bd]wW]|N

ey
()

[
[

-
N

=
w

[N
N

=
(&)]

=
(o]

[y
~
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B.16 Inspection record, runner blade outlet

Table B.2 — Inspection record, runner blade outlet form

Plant Unit number Date Sign

N S

IEC

Blade number Thickness at hub, T, Thickness\at middle, T Thickness at band, T,

1

Ol (N[O |d]jlw|DN

=
o

[N
[N

=
N

=
w

RS
p

H
q1

-
]

17

NOTE Template locations T, T
templates.

m and T, can be taken at the same locations as existing runner blade
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B.17 Inspection record, runner band
Table B.3 — Inspection record, runner band form
Plant Unit number Date Sign
[\ |
AW
B L IEC
Measuring point Thickness, T
1
2
3
4
NOTE| Measuringyoints are 90° apart.
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B.18
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Inspection record, guide vanes

Table B.4 — Inspection record, guide vanes form

Plant Unit number Date Sign
S4
-
i | {
[ = =
a1l —— N
Downstream side Upstream side
[32]
w
w | - ) "iff‘é
IEC

Guide vane number

Face towards
head cover, S1

Facetowards
bottom cover, S2

Face around
bottom stem, S3

Guide vaneg
stem, S

top

O[N] | d>|]W|IN|F

=
(@]

=
[

-
N

=
w

[N
N

=
(&)]

-
]

[y
~

=
[ee]

-
©

N
o
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B.19 Inspection record, facing plates and covers

Table B.5 — Inspection record, facing plates and covers form

Plant Unit number Date Sign
Head cover
Y Y —
A ~—_
m: i ~<_ ~ ~ N Facing plate
=1 ~ ~N
%
IEC
Measpring point | Upper facing plate, Head cover; Lower facing plate, Lower coyer,
number Siu Scu S S¢
1
2
3
4

NOTE|1 S_, and S are only measuregdin-case there is no more facing plate material remaining.

NOTE|2 Measuring points are 90% apart.
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B.20 Inspection record, upper stationary seal
Table B.6 — Inspection record, upper stationary seal form
Plant Unit number Date Sign
F1
R
/,_lEC
Location 1 Location 2 Location 3 Location
Figjger 1, F1
Finger 2, F2
NOTE| Measuring points are 90° apart.
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B.21 Inspection record, upper rotating seal

Table B.7 — Inspection record, upper rotating seal form

Plant Unit number Date Sign
LN
_|F1 | | F3 |
| F2
IEC
Location 1 Location 2 Location 3 Location| 4
Finger 1, F1
Finger 2, F2
Finger 3, F3

NOTE| Measuring points are 90° apart.
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B.22 Inspection record, lower stationary seal
Table B.8 — Inspection record, lower stationary seal form
Plant Unit number Date Sign
h
N
N
IEC
Lecation 1 Location 2 Location 3 Location
Syirface 1, S1
Syrface 2, S2
Syrface 3, $3
Styirface-4,"S4
Strface 5, S5
Surface 6, S6
NOTE Measuring points are 90° apart.
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B.23 Inspection record, lower rotating seal

Table B.9 — Inspection record, lower rotating seal form

Plant Unit number Date Sign

S2
S3 |
S6
- > IEC
Location 1 Location 2 Location 3 Location f#

Sufface 1, S1
Sugface(2,,32
Sufface’3, S3

Surface 4, S4

Surface 5, S5

Surface 6, S6

NOTE Measuring points are 90° apart.
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B.24 Inspection record, runner bucket
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Table B.10 — Inspection record, runner bucket

Plant

Unit number

Date

Sign

B

AYAN

B,

ip B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11 B/11 //

113

1/3

1/3

1/1

IEC

Tempilate ‘'gap

Bucklet
numier

6 7 8

10

11

O |l |IN|lO|lOa|[dM|wW]|DN

=
o

[N
[N

=
N

-
w

[N
N

=
(&)]

-
]

[En
~

-
[ee]

=
©

N
o

N
[y

N
N
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B.25 Inspection record, Pelton runner splitter

Table B.11 — Inspection record, Pelton runner splitter

Plant Unit number Date Sign

.,

X

.

AR

[ =
‘FN

Bugdgket number T1 T2 Ah
1

Ol (N[Ol | |W|DN

-
o

=
=

(1
N,

=
w

[
i

-
[¢)]

=
(o]

[y
~

=
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-
©

N
o

N
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N
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C1

Annex C
(informative)

Monitoring of particle concentration and properties
and water sampling procedure

General

Sampling in connection with hydro turbine installations can be divided in two distinct phases

with d

ifferent requirements as follows.

Phasg 1. Sampling in natural rivers to estimate the amount and properties of particles p

future
minim

ze abrasion, such as desilting basins, abrasion resistant coatings, turbine selé

mainteénance intervals, etc.

Phasg 2. Sampling in existing hydro turbine installations to document the amour

prope

ties of particles actually passing the hydro turbine unit. The #esult of this samplin

be us¢d to evaluate the effectiveness of various strategies to reduce abrasion damage
overhqul and maintenance, etc. In particular, concentration measurements can be us
operafional decisions, such as temporary turbine shut-offs during floods.

The hest way for recording particle concentration is™a “continuous” online measur

syster

calcul
experi

htions. Some commercial automatic systems.are available, but there is still littl
nce with these. Such online measurement-systems are strongly recommended

calibrated before use with the future range.eflparticles (size, shape, concentration,
etc.) that will actually pass the measurement-system. It is preferred to use actual sed

from
once
seaso

If the
chang

C.2
Sever

The s

he river for this calibration. The measured concentration should be checked a
per week during high discharge\"season and once per month during low disg
n. This check should be done against a manual filtration measurement (see Annex

measurement is not donev“continuously”, the measurement frequency depends
e of particle concentratien over time as explained in Annex E.

Sampling before building a power station
bl publicatiens and manuals describe the procedures. See for example [22].

ampling should be done at least over 2 years, preferably longer. It is import

hSsing

installations. The result of this sampling can be used to plan various-strategies to

pction,

t and
g can
, plan
ed for

ement

N, so that the concentration changes can be Sseen in great detail and used for {urther

b field
to be
olour,
ments
least
harge
D).

bn the

ant to
ful for

measuredthe particle concentration. Data on the river’s sediment load are less meaning

turbiné

nnnnnnnnnnnnnnnnnnnnnn

mTyOTroaoTa STV G- CTOSTOUTTS

When using the sampling results to estimate the amount of particles that will pass a hydro
turbine, several additional factors need to be taken into account.

e be

dload should not enter the water conveyance system of the hydro turbine;

e if a reservoir is planned, the geometry of the reservoir and the discharge of the river will
influence the sedimentation in the reservoir. To estimate particle retention in reservoirs is

ve

e (e

ry complicated and should be performed by specialists;

sander, if planned, has to be taken into account.

The above points should also be taken into account when measuring upstream of an existing
power plant for the purpose of getting an early warning of very high particle concentration.
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Sampling in existing power stations

Water sampling during this phase is relatively easy, if means for sampling are properly
prepared during the construction of the facility. Suitable sampling locations are

e draft tube cone, for example at the inspection man door.

Other

possible locations are

e in the water conveyance system downstream of the desander to control the efficiency of
the desander;

e in

If the
water
to flus

To av
contin
would

C4
It is im

Physig
labellg
taking
locatid

1 1 I Dk - Lo
allrat© CIrialitict TUT FEItUIT tUrulrics.

oid misinterpretation, it is advisable not to take any samplesxunless therg
pous flow in the water conveyance system. Such samples could-be misleading ap
be influenced by the internal particle settling in the water conveyance system.

Logging of samples

the sample. Sketches and pictures aré’ useful for good understanding of sa
ns.

sampling is intermittent and water is not flowing continuously, it is important\io |et the
run for a suitable time (not less than 2 min) before collecting the sample~This inf order
h away any accumulated sediment in, or in the vicinity of, the sampling_system pipling.

is a
they

portant to document the procedure for taking thersamples and include it into the report.

al samples should be collected in suitablescontainers (e.g. bottles) and immediately
d. A record should be established which-\clearly identifies the time and Iocatllinon of

pling
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D.1

Annex D
(informative)

Procedures for analysis of particle concentration,
size, hardness and shape

General

The analysis of the particles in the water going through the turbine should include all

param

eters, which are necessary to evaluate the hydro-abrasive erosion action the pa

rticles

in the
- mi

— fraction of organic matter, if applicable.

D.2

Partic
It may

D.3

As diff
on theg
made
data.

The p
(> 0,0
analys

Sievin

D.4

The n

water can have on the turbine parts. The particle analysis should include:

rticle concentration;
rticle size distribution;
neralogical composition;
rticle geometry;

Particle concentration

e concentration is non-dissolved particles in the water. For the definition refer to
be analysed in accordance with ISO 4365:2005.

Particle size distribution

erent particle sizes have different behaviour in the flow of water this also has an
ir type of damage on the turbine parts. Due to this particle size distributions sho
with adequate intervals. Also here the method of measurement should be given w

article size distribution has to be done in two steps. For the large particle fi
53 mm) sieving is ,a° good way. The small particle fraction (< 0,05 mm) has
ed with laser granulometry.

g is described. in ISO 4365:2005.

Mineralogical composition

2.2.8.

mpact
uld be
th the

action
to be

pinefal composition should be done by X-ray diffraction (XRD) of a representative

sample of the particles. If the grain size distribution is very wide, the different particle size
fractions from the particle size distribution should be used for an analysis of each fraction to
determine the mineralogical composition, as due to the different hardness of minerals the
impact on hydro-abrasive erosion differs considerably. A petrographic analysis is not enough

as the

D.5

inaccuracy may be too high.

Particle geometry

Microscope pictures of the different fractions should be taken and added to the report so that
the form of typical particles can be seen. The aim is to see if either rounded particles or

particl

es with sharp edges mainly are present in the sediment.
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The following Figure D.1 gives three typical examples of such images, designated rounded,
sub-angular and angular from top to bottom. Pictures should be chosen in such a way that a
representative choice of particles can be clearly seen.
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200 pm

a) Rounded particle geometry, KShape =1 (1/

200 pm

<z$:. IEC

A\
b)CSubanguIar particle geometry, K

shape

=1,5

c) Angular particle geometry, KShape =2

Figure D.1 — Typical examples of particle geometry
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Annex E
(informative)

Frequency of sediment sampling

In the case where the PL measurement procedure is based on discrete samples, and not
continuous monitoring, the issue of the time interval between two samples will soon arise.
Measurement intervals should be small enough to capture all significant fluctuations in
concentration of particles with a minimum threshold of inaccuracy. The duration of the
sampling interval can be different in periods of high particle concentration and periods of low
concentration. A rule of thumb estimate of a reasonable sample interval is:

As a gractical example this formula could give the following sample intervals

° uH
PL

Pl ax = 0,12 kg/m3
then:
T¢|- 0,01 x85/0,12 h = 8 h for “high particle” period
e ‘“low particle” period:
PLcar = 85 kg x h/m3
PL{,ayx = 0,002 5 kg/m3
then:
Ts|= 0,01 x 85/ 0,002 5 = 340 h = 14 days for “low particle” period

For pt

hour, pnce per day, once per weeky-once every two weeks and once per month. Selg

next Iq

For the measurement of shape, hardness and size, it is recommended to take at lea
sample per month for the-first year of operation. If the variation of the K, qness: Ksha

K
of the

soon as this variation is detected.

size IP

Ts = 0,01 x PLygq / PLiay

gh particle” period:
ear = 85 kg x h/m3

actical reasons, it is recommended to use the following sampling intervals; on

wer interval compared to, the calculation.

less than 10 %'‘the sampling interval can be doubled after the first year. If the va
Khardness: Kshape and Kg;,e is more than 20 % the sampling interval can be hal

e per
ct the

5t one
e and
[iation
ed as
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Annex F
(informative)

Typical criteria to determine overhaul time due to hydro-abrasive erosion

F.1

General

The optimum time to overhaul a unit is normally determined by economic criteria. It is a
combination of many factors specific to each powerplant such as

1) th¢ costof reduced efficiency,

2) the cost of the overhaul,

3) the¢ increased risk of unavailability,

4) the convenient time of year for overhaul,

5)

et¢.

As an|ultimate technical limit, a situation where it is no longer safe t6)operate the unit may be

considered.

Following are some typical criteria that may be used. It iscemphasized that the powgrplant
operafor will gain a lot of experience of how their particular unit functions and what |is the
optimal overhaul interval in their particular case. The listlelow only serves as a first oufline of

possiljle overhaul criteria.

The cfiteria have been divided in criteria that can-be observed while the unit is in opgration

and crjiteria that require internal inspection of.thé€ unit.

F.2

1

2)

3)

4)

5)

6)

Parameters which are observable while the unit is in operation

THe efficiency has deteriorated to'an extent that it is economically beneficial to restqre the
unjit to its design efficiency. To determine the reduction in efficiency some dort of
efficiency test is required,»'Since only the relative efficiency decrease needs [to be
me¢asured some simple “system based on Winter Kennedy flow measuremgnt or
permanently installed.\ultrasonic flowmeter may be used instead of complete effigciency
tests per IEC 60041) Another possibility is continuous efficiency monitoring based on
opleration data.

Rgduction ofyoutput at some defined opening. Note, however, that the discharge for the
same opening may change as a result of hydro-abrasive erosion. This method $hould
blation

good
indication of Iabyrmth seal hydro-abrasive erosion is the water dlscharge in the balancmg
pipes. This may then be used as a criterion for overhaul.

The axial thrust can also be an indication of labyrinth seal hydro-abrasive erosion, even
though it is less accurate than the discharge in the balancing pipes. It should be combined
with experience about the correlation between the measured axial thrust and
corresponding hydro-abrasive erosion damage before being used as a criterion for
overhaul.

The time it takes for the unit to stop, or alternatively the steady state speed it reaches,
after the guide vanes are closed and the inlet valve kept open. This correlates to the
hydro-abrasive erosion of the guide vanes and covers.

The spiral case pressure with closed inlet valve and open bypass. This correlates to the
hydro-abrasive erosion of the guide vanes and covers.
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7) Wear of main shaft seal may bear correlation with the hydro-abrasive erosion of the unit,
although this depends on the shaft seal design. This criterion should therefore be used
only after some further experience is gained about the correlation between the seal wear
and corresponding hydro-abrasive damage.

F.3 Criteria that require internal inspection of the unit

1) Thickness of runner blade outlet is abraded more than two thirds (for large turbines) or is
completely abraded (for small turbines). Note that a reduction of blade thickness will
reduce the strength of the blade and that a blade crack would of course override any
blade thickness measurement.

2) Facimgptates, of teadToOver and pottonm ring compietety apraded——————_ |
3) Clgearance of runner labyrinth seals is more than doubled.

4) For components coated with hydro-abrasive erosion resistant coating, the area of cpating
removed exceeds 5 % to 10 % of the total coated area.

Iltems [1) to 3) above refer to Francis turbines, while item 4) refers to all types”of turbineg.
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Annex G
(informative)

Example to calculate the hydro-abrasive erosion depth

Assuming a Francis unit with the following main data:

n =300 rpm
P = 255 MW
H=428m

D=R$=2507m

The alm is to calculate the expected hydro-abrasive erosion depth for the guide vanes, [facing
plates] runner inlet, runner outlet and labyrinth seals that is caused by the PL as’calculgted in
AnneX A, i.e. PL = 38,28. The parts are all manufactured from martensitic stainless steel.

The basic formula for calculating hydro-abrasive erosion depth is

S = W34 x PL x K, x K¢ / RSP

The fifst step is to calculate the characteristic velocities. The,spécific speed for this unit|is
ng = nx P%5/ H1.25 =300 x 255 000%% / 4281.25 = 77,8

Accordling to Figure 1:
W,,, = (0,25 + 0,003 x ng) x (2 x g x H)9:3-/(0,25 + 0,003 x 77,8) x (2 x 9,81 x 428)0:5 =
4413 m/s

Wy = 0,55 x (2 x g x H)95 =0,55 x (2% 9,81 x 428)%5 = 50,4 m/s

Accorgling to I.1 K, for martensitic stainless steel is 1.

Accorgling to Table 1 K; and p’for the various components are as follows:

Guide|vanes: K; = 1,06 %10, p = 0,25
Facing plates: K; = 0(86-% 106, p = 0,25
Runngr inlet: K; =:0,90 x 10°%, p = 0,25
Runngr outlet{K¢'= 0,54 x 106, p = 0,75
Labyrinth seals: K; = 0,38 x 106, p = 0,75

For the gnidn vanes the hydrn_nhmci\/n erosion dppfh is thus
S =W34x PL xK, x K¢/ RSP = 50,43.4 x 38,28 x 1 x 1,06 x 106 / 2,5070:25 = 20 mm

For the other components, calculations are shown in Table G.1 below.
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Table G.1 — Calculations
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Component w PL Kn K; p S
mm

Guide vanes 50,4 3,84 1 1,06 x 10°° 0,25 20
Facing plates 50,4 3,84 1 0,86 x 1076 0,25 16
Runner inlet 50,4 3,84 1 0,90 x 106 0,25 17
Runner outlet 44,3 3,84 1 0,54 x 106 0,75 6,5
Labyrinth seals 44,3 3,84 1 0,38 x 106 0,75 4,6

The standard deviation for the guide vanes is 42 % according to Table I.1. ThisUmeans that
with a|probability of 67 % the actual value of S for the guide vanes will be between 11 mm and
28 mn). This may not seem very accurate, but it is the best estimate that can~be supported by
the ddta received at this time. It is hoped that in the future more data can|be gathergd in a
suitabje format so that the formula can be revised in order to make more aecurate estimates.
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Annex H
(informative)

Examples to calculate the TBO in the reference model
Table H.1 below shows how the calculation should be done for a Pelton turbine.

Table H.1 — Pelton turbine calculation example

Reference Planned
turbine turbine

Type Pelton Peltop
Coatefl / uncoated Coated Coatqd
Buckeft width B, mm 700 365
Number of nozzles Zjey 1 6
Numbegr of buckets Z, 21 22
Average particle concentration C kg/m?3 0,220 0,09
Fractipn of particles with Mohs hardness 5 to 5,4 % 0 0
Fractipn of particles with Mohs hardness 5,5 to 5,9 % 22 25
Fractipn of particles with Mohs hardness 6 to 6,9 % 0 0
Fractipn of particles with Mohs hardness 7 to 7,9 % 40 55
Fractipn of particles with Mohs hardness > 8 % 0 0
Shapq factor (1 = round, 1,5 = sub-angular, Kshape - 1 1,5
2 = anjgular)
Charafteristic velocity (runner) W.in m/s 67 46
Time between overhaul TBO h 13 600 550

Calculation of TBO

TBOtanget = Sref, calc / Starget, calc X TBOref

Sref, cglc / Starget, calc = Wref?”4 / Wtargets'4 X F)Lref / F)Ltarget X Km,ref / Km,target X Kf,ref / Kf,target X
B2,targ bt / B2,ref
=3,59x%x1,19 x4 x 0,180 x 0,521

=0,401

with:

W

e ST W, 34 =359
ds target

I:)Lref / I:)Ltarget = Cref / Ctarget X Kshape,ref / Kshape,target X Ksize,ref / Ksize,target X Khardness,ref /
Khardness,taret =4

Assumptions:

e constant over the year

o Ksizeref ! Ksize target = 1 _
(grain size distribution in both cased is assumed to be the same)

*  Khardness,ref / Khardness,target = 0,73 _ _ -
(as both runners are coated only the fraction of Mohs hardness above 7 is used. Ratio of

both fractions is 0,73)
Km,ret / Km target = 1 (both coated)

Kf,ref / Kf,target = [Zjet,ref / Z2,ref] / [Zjet,target / Z2,target] =0,180
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Table H.2 — Francis turbine calculation example
Reference Unknown

turbine turbine
Type Francis Francis
Coated [ uncoated Coated Coated
Refergnce diameter m 1,279 2,52
Average particle concentration kg/m?3 0,126 0,714
Fractipn of particles with Mohs hardness 5 to 5,4 % 0 0
Fractipn of particles with Mohs hardness 5,5 to 5,9 % 2 2
Fractipn of particles with Mohs hardness 6 to 6,9 % 16 3,3
Fractipn of particles with Mohs hardness 7 to 7,9 % 38 75
Fractipn of particles with Mohs hardness >8 % 0 0
Shapdq factor (1 = round, 1,5 = sub-angular, KShape - 1 1,5
2 = angular)
Charafteristic velocity (runner) Wr,, m/s 59,9 47,6
Time between overhaul TBO h 22 800 580

Calculation of TBO

TBOga et = S x TBO

ref, calc / Starget, calc

targe ref

=2,185x 0,069 x1x1x 1,97
= 0,254

W L 34 Wtarget 34°=2,185

ref

= 3,4 3,4
ref, cdic / Starget, calc = Wrer™ ™ / Wiarget™™ * Plyes / PLiarget X Km,ref / Km target X Kt ref / Kt farget %

I:)Lref / F)Ltarget = Cref / Ctarget X Kshape,ref / Kshape,target x Ksize,ref / Ksize,target X Khardnr: ss,ref /

ardness,target
=(0,176.%x 0,667 x 1 x 0,5
=058 7

Assumptions:

e constant over the year

o K 1

size,ref / Ksize target =

(grain size distribution in both cased is assumed to be the same)

Khardness,ref/ Khardness,tar et ® 0,5

(based that the fraction of hard particles with Mohs hardness of 7 and higher is double in
the target turbine, as the runner is coated only the fraction of Mohs hardness above 7 is

used in accordance with 2.2.11)
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Km,ret / Km target = 1 (both coated)

Kt ref / Kt target = 1 (for Francis)

TBOiarget = 0,254 x 22 800 h
=5800h
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Annex |
(informative)

Background for hydro-abrasive erosion depth model

Model background and derivation

Please refer also to [21]. In order to demonstrate how different critical aspects impact the
hydro-abrasive erosion rate in the turbine, the following formula is considered:

dS/dt 5 f(particle velocily, particle concentration, particle physical properties}, flow

pattern, turbine material properties, other factors)

Howeyer, this formula being of little practical use, several simplifications are introduceg¢l. The

first simplification is to consider the several variables as independent as followss

dS/dt 3 f(particle velocity) x f(particle concentration) x f(particle{physical propgrties,

turbine material properties) x f(particle physical properties) x f(flow pattern) x
f(turbine material properties) x f(other factors)

This pimplification is not proven. In fact, many examples‘-can be found wherg¢ this
simplification was not strictly valid. Nevertheless, based on literature studies and expeifience,

this sinplification is considered to be justified for hydraulic machines.

The ngxt simplification consists in assigning values t@the functions. In the following equjations
the nymerical values for the parameters, without units, have to be used. The units in|which

ues should be based are given below:

rticle velocity) = (particle velocity)™\In the literature abrasion is often consjdered
proportional to the velocity raised to-an exponent, n. Most references give valuep of n
befween 2 and 4. In this document we-suggest to use n = 3,4. Particle velocity in m/g,

rticle physical properties( turbine material properties) = K, ;;qness = function gf how

sufjgest to use K, ,qness = fraction of particles harder than the material at the surfacg, see

f(flow pattern) = K¢ { RSP (K; = constant for each turbine component, RS = turbine ref¢rence

rticle \physical properties) = f(particle size, particle shape, particle hardngss) =
rticle'size) x f(particle shape) = K, x Kgnape- NOte that in this simplificatiop it is
aspumed that there is no influence from the particle hardness for this function. The pfarticle
hardrmesstsconsideredmthe "\hardness factor;

K

size = Median diameter of particles in mm,

Kshape = f(particle angularity). It is believed that K., Will increase with the degree of

irregularity of the particles. Specific data is not available at present but several literature
references indicate that Ky, varies from 1 to 2 from round to angular,

f(turbine material properties) = K,,. In this document we consider K, = 1 for martensitic
stainless steel with 13 % Cr and 4 % Ni and K, = 2 for carbon steel. For coated
components K,,, should be smaller than 1,

f(other factors) = 1.

Again, these functions are engineering approximations in order to obtain useful results for
hydraulic machines. We then have the following formula:
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ds/dt = (particle velocity)®# x C x Kp,rdness * Ksize * Kshape * Kf/ RSP x Ky

The final step is to integrate this formula with respect to time. When we do this we find three
distinct different types of variables with respect to their variations in time:

1) particle velocity and K;: these variables vary with the water flow relative to the individual
component, which in turn may vary with the head and flow;

2) C, Khardness: Ksize @Nd Kgpape! these variables vary with the particle properties. Integrated
over time these variables become particle load, PL (see 2.2.9 for definition of PL and
Annex A for a sample calculation);

3) RS, pandK_.: these variables are constant in time.

To finl a simple and reasonably accurate estimate of the time integral, the PL vatiablg (see
2.2.9)|is introduced. PL integrates C, Kpagness: Ksize @Nd Kgpape Over time. When-using PL,
the particle velocity and K; can be considered approximately constant over a limited vafiation
of hegd and flow (see 1.2). Since these variables are considered constant, K{and p wer¢ used
as callbration factors to obtain good agreement between actual test data and-the formulp. The
particle velocity can be replaced with the characteristic velocity, W¢-defined in 2.2/20 to
2.2.23

So thq final, time integrated formula becomes:

S = W34 x PL x K, x K¢ ,RSP

where

S is the numerical value of the hydro-abrasive ergsion depth in mm.
1.2 Introduction to the PL variable

In thi§ document the PL variable is used’to quantify the particles that pass the turbifje and
reflects the relative hydro-abrasive erosion potential in a certain period. In the past a common
way t@ integrate hydro-abrasive erosion over time has been to consider the total weight of
particles that pass the turbine. The benefits of the PL variable include:

Plg¢ase see example below for further details,

e The PL will inherently consider variations in all particle properties, not only the particle
cofpcentration,

. Th{ PL variable gives more accurate results considering variations in flow and|head.

e The PL depénds only on the water used and is independent of the turbine size and / or
digcharge.\lt/ can thus be used directly to compare the conditions at different sites gnd for
different gonfigurations.

To illustrate the first point above, consider the following example. A Pelton injectol (see
Figure 1.1) operates for one day. Assume the head is 800 m and the abrasive particle
concentration is 0,1 kg/m3.

Case 1: At full opening (top half of Figure 1.1) the water with particles flows over the seat ring
with a velocity of (2 x g x H)9:5> = 125 m/s. In one day the mass of particles that pass the
injector is 2 m3/s x 3 600 s/h x 24 h/day x 0,1 kg/m3 x 1 day = 17 tons.

Case 2: At 10 % opening (bottom half of Figure I.1) the water with particles flows over the
seat ring with the same velocity as in case 1 (125 m/s). In one day the mass of particles that
pass the injector is 0,2 x 3 600 x 24 x 0,1 x 1 = 1,7 tons.

In both cases the seat ring has been subject to hydro-abrasive erosion with the same particle
concentration, the same water velocity and the same amount of time. Therefore, the expected
hydro-abrasive erosion damage is the same. The PL variable also gives the same value in
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both cases. However, the total mass of particles that has passed the unit is 10 times higher in
case 1 compared to case 2. So, PL is expected to correlate better with hydro-abrasive erosion
damage than the total mass of particles that has passed the seat ring.

Full opening Q = 2 m3/s

10 % opening Q = 0,2 m3/s

Figure 1.1 — Example of flow pattern in a\Relton injector at different load

The spme type of reasoning can also be applied to other components subject to hydro-
abrasiyve erosion. In the following is a condensed summary of such analysis.

o Pefton needle tip

Very dqood correlation between PLgand hydro-abrasive erosion damage with minor influence of
turbing¢ discharge or head is expected. Some influence from the turbine flow since the|water
velocity is lower further insidé_the injector, where the needle tip is located at high flows.|Some
influece from turbine head since the water velocity is proportional to the square root|of the
head.|With head and flow variations that are normal in Pelton projects this influepce is
disregjarded in the interest of simplicity.

e Pelton runner

Good |correlatien between PL and hydro-abrasive erosion damage with minor influe
turbing discharge or head is expected. Some influence from the turbine flow since the|water
film i «thicker at higher flows and therefore more particles may be pressed towargs the
outside f . f i i lative
water velocity in the runner depends on the head. With head and flow variations that are
normal in Pelton projects, this influence is disregarded in the interest of simplicity.

e Francis and Kaplan guide vanes and covers / facing plates

Good correlation between PL and hydro-abrasive erosion damage with minor influence of
turbine discharge or head is expected. Some influence from the turbine flow since the water
velocity is higher at low discharge and the pressure difference between the two sides of the
guide vane varies with flow. In particular, if the unit is at standstill with pressurized spiral case
the leakage flow through the guide vanes has high velocity. Some influence from the turbine
head since the relative water velocity in the guide vanes depends on the head. With head and
flow variations that are normal in Francis and Kaplan projects, this influence is disregarded in
the interest of simplicity.

e Francis runner seals / labyrinths
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Very good correlation between PL and hydro-abrasive erosion damage with minor influence of
turbine discharge or head is expected. Some influence is expected from the turbine flow and
head since they influence the pressure before and after the seal and thus the leakage flow
through the seal. With head and flow variations that are normal in Francis projects, this
influence is disregarded in the interest of simplicity.

e Francis runner blade inlet

Good correlation between PL and hydro-abrasive erosion damage with minor influence of
turbine discharge or head is expected. Some influence from the turbine discharge is expected
since the water velocity is higher at low discharge. Moreover, the pressure difference between
the two sides of the guide vanes varies with opening, resulting in more leakage between the
guide [vanes and the covers which In turn resulis in more uniavourable flow conditions |at the
runnefr inlet. Also discharge and head variations from the optimum operating point, Wil[result
in mofe unfavourable flow conditions at the runner inlet. With head and flow vafiatior|s that
are nqrmal in Francis projects this influence is disregarded, as long as inlet cawtation|is not
preseIt, in the interest of simplicity.

e Francis runner blade outlet

Reasdnable correlation between PL and hydro-abrasive erosion damage with minor influence
of turbine discharge or head is expected. At part load there are two main phenomenfa that
influence the hydro-abrasive erosion. One is that the averagég, velocity (defined as the total
flow djvided by the flow passage area) will decrease with decreasing discharge. The other is
that tHe degree of turbulence will increase and the flow disthibution will lose uniformity |Jat low
dischgrge (typically below 50 % to 80 % of maximum<{discharge). These two phen¢mena
influence the hydro-abrasive erosion in opposite waysybut it is expected that the turblilence
effect|will dominate and thus that the hydro-abrasive erosion will increase at partial load.
However, due to lack of supporting data thisc«influence is disregarded in the interest of
simpligity.

e Kaplan runner blade

Very qood correlation between PL and-hydro-abrasive erosion damage with minor influence of
turbing discharge or head is expected. With head and flow variations that are norfal in
Kaplan projects this influence is disregarded in the interest of simplicity.

e Kaplan runner chamber
Good [correlation between* PL and hydro-abrasive erosion damage with minor influepce of

turbing discharge or~head is expected. With head and flow variations that are norfal in
Kaplan projects this.influence is disregarded in the interest of simplicity.

1.3 Calibration of the formula

A qugstiohnaire was sent to plant operators at sites known for their exposure to hydro-
abrasive erosion problems. The purpose of this questionnaire was to collect and analyse data
on hydro-abrasive erosion rates on as many combinations of water quality, operating
conditions, component materials, and component properties as possible.

This data was analysed and the factor K; and the exponent p determined for each component
to get the best possible correspondence between the calculated and observed amount of
hydro-abrasive erosion. The average K; and p was then determined for all observations with
components of the same type. The results are in Table 1 in the main part of the document.

The ratio between the measured and calculated values of the hydro-abrasive erosion depth
was determined and the standard deviation calculated. Table 1.1 below shows the standard
deviation in this analysis as well as number of observations for each type of component.
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Table 1.1 — Analysis of the calibration constant K; and p

Component Number of Standard deviation
observations

%
Francis guide vanes 7 42
Francis facing plates 7 38
Francis labyrinth seals 7 30
Francis runner inlet 6 26
Francis runner outlet 6 41

Althoygh the values of standard deviation in the table above shows that the formulal gives
reasomable accuracy, it should be kept in mind that the amount of observations-is\limitgd and
that fyrther observations may improve the formula.

It is oply for Francis turbines that enough data has been available for a méaningful anplysis.
Not enough data is available for Kaplan and Pelton turbines to give detaited guidelines.

In general, it is challenging to obtain complete and unambiguoudsjyobservations from existing
measurements. It is hoped that additional observations can ke made in the future to further
calibrate and revise the hydro-abrasive erosion model.
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J.1

Annex J
(informative)

Quality control of thermal sprayed WC-CoCr

Specification

The quality of this hard coating strongly depends on several influencing factors like the
technical specification of the coating process, the preparation of the surface to be coated, the
process parameters and the consumables used. Also the qualification of the personnel

applying the coating plays an important role.
Hard foatings which are used to protect hydraulic machines from hydro-abrasive efosion
should meet certain demands on quality to ensure proper functionality. Seme guide line
referepce values for WC-CoCr (86/10-4) are listed below:
e sufface roughness Ra should be < 8um;
e adhesive bond strength should be > 60 MPa,;
e avprage hardness over ten measurement points of the coating should be > 1 000 HV}, 3.
J.2 | Quality control
It is rqgcommended to coat test specimens during the ¢coating of the part, applying exactly the
same process (e.g. surface preparation, pre-heatingy coating etc.) as used on the compgnents
to be ¢oated.
Measyrements and inspections should be done by trained personnel. Evidence of qualification
should be provided. Table J.1 lists some-items recommended to be included in an insplection
report
Table J.1 — Recommmended items to include in HVOF inspection
Characteristics Unit To be measured by Measured on Measured on| test
component specime
Surfade roughness Ra ISO 4288 X
or related
Coatinlg thickness um ASTM B499 — 09 or X
ISO 2178
Bond gtrength MPa ASTM C633 — 13 or X
EN 14916
Vicker|s hardness HV ISO 6507-1 X
U,o

The coated area should be visually inspected by 100 %. The coated surface, as defined in the
drawings, shall not show any defects like cracks, pores or uncoated areas.

If the coating is ground dye penetrant test can also be an indication of cracks in the coating.

Note t

hat dye penetrant test is not applicable for non-ground (as sprayed) surfaces.
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MACHINES HYDRAULIQUES -
LIGNES DIRECTRICES RELATIVES
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nermg
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n des conditions fixées par accord entre les deux organisations.
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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

aboutira+apprebation-de—cette-horme-

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.
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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
5 tation
hnt la

t étre

trouvéle, en considérant toutes les mesures liées a l'investissement, a la praduction d’énhergie
et au¥ colts de maintenance comme parametres de décision. Bien souvent, une conception
adaptee pour résister a I’érosion hydro-abrasive sera plus rentable qu'une conception visant a
atteingire un rendement maximal de la turbine. Cette analyse est plus efficace lorsqu’e]le est
réalisg¢e par le concepteur de la centrale.

Il revignt aux propriétaires de machines de communiquer auprés des fournisseurs potgntiels
des machines destinées a leurs sites, sur le fait quedles concepteurs doivent portgr une
attention toute particuliére, lors de la phase de conception de la turbine, a la minimisatjon de
la grayité et des effets de I'’érosion hydro-abrasive.

Les étapes que le concepteur pourrait suivre, et,dont il convient qu'il les suive effectivgment,
de maiere 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 gonsensus restreint et trés peu d€’ données quantitatives existent. Cette situation a
condujt certains propriétaires a intégrer dans leurs spécifications des conditions qui ne
peuvept 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 dogumermntdonme des Hgmes diTectrices pour.

a) présenter les données disponibles concernant les taux d'érosion hydro-abrasive avec
diyerses combinaisons de qualité de I'eau, conditions d'exploitation, ~matériqux et
propriétés des composants; ces données ayant été obtenues sur_ différents| sites
hygdroélectriques;

b) développer des lignes directrices permettant de réduire au minimdm [|'érosion hydro-
abrasive en apportant des modifications & la conception hydraulique hormalement Jtilisée
en| I'absence de particules. Ces lignes directrices n'abordent pas’les détails tels gue les

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

d) développer des lignes directrices concernant ladnaintenabilité des matériaux résidgtant a
I'éfosion hydro-abrasive et des revétements dessurface durs;

e) développer des lignes directrices relatives .a fa recommandation d'une méthode, glue les
propriétaires pourraient appliquer, et dontcil*=convient qu'ils I'appliquent effectivemernt, afin
de| s'assurer que les spécifications maontrent la nécessité d'accorder une attention toute
particuliere & la conception des formes*hydrauliques propres a leur site sans imposgr des
critéres qui ne peuvent étre satisfaits dans la mesure ol les moyens a mettre en peuvre

f) développer des lignes directrices concernant le mode de fonctionnement des tugbines

cette

pour
objet de I'évaluer, sauf pour suggerer Iors de Ia phase de concepnon 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.
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2 Termes, définitions et symboles

Pour les besoins du présent document, les termes et définitions suivants s'appliquent.
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L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible & I'adresse http://www.iso.org/obp

NOTE 1 Ces termes, définitions et symboles s’appuient également, le cas échéant,

sur I'lEC TR 61364.

NOTE2| The systéme international d'unité (S.l.) est utilisé dans ce document mais d'autres systemes sont
autorisgs.
Para- Terme Définition Symbole uUnifé
grapheg
221 énergie énergie massique de l'eau existante entre les E 5
hydraulique sections de référence haute et basse pressions (
massique d'une et 2 de la machine
machine
Note 1 a l'article: Pour plus d’informations;/voir
I''EC 60193.
222 accélération due a | valeur locale de l'accélération de la pésanteur sur g 2
la pesanteur le site d'essai
Note 1 a l'article: Pour plus:\d’informations, voir
I''EC 60193.
223 hauteur de chute hauteur de chute dispenible aux bornes de la H
nette d'une machine hydraulique
turbine ou hauteur
nette de
H = E/
refoulement d'une g
pompe
224 diameétre de diametre de référence de la machine hydraulique D
référence
Note~I\a l'article: Pour les turbines Pelton, il
s'agit” du diamétre tangent, pour les turbines
Kaplan, il s'agit du diametre du manteau de roue et
pour les turbines Francis et les turbines pompes, il
s'agit du diametre de section basse pression des
aubes de roue au niveau de la ceinture.
Note 2 a l'article: Pour plus d’informations, voir
I''EC 60193.
225 diametre’du diamétre du moyeu de roue pour les turbines D L
moyeu Kaplan h
226 profondeur profondeur de métal érodé (mesurée S +h
d'érosion hydro- perpendiculairement a la surface d’origine) d'un
abrasive composant du fait de I’érosion hydro-abrasive
227 vitesse vitesse caractéristique définie pour chaque W mls
caractéristique composant d'une machine et utilisée pour
quantifier le dommage dd a I'érosion hydro-
abrasive.
Note 1 a l'article: Voir également 2.2.20 a 2.2.24
228 concentration en masse totale des particules solides par m® d'eau, I kg/m?3
particules c’'est-a-dire masse des particules solides par
volume de mélange eau-particules
Note 1 & [l'article: Si la concentration en
particules est exprimée en parties par million
(ppm), il est recommandé d'utiliser la masse des
particules par volume d'eau, de sorte que 1 000
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Para-
graphe

Terme

Définition

Symbole

Unité

ppm correspondent environ & 1 kg/m3.

2.2.9

charge en
particules

concentration en particules intégrée sur la durée T
considérée.

T
PL= _[C(t) * Kaille (t) X Kiorme (1) % Kgurets (t) x dt
0

PL

Kg x h/m3

N
(z ycn X Ktajﬂe n X Kfnrmp n X Kdurg;é n XTq nw
N J

C(t) = 0 en l'absence d'écoulement d'eau dans la
turbine.

Note 1 & [I'article: Pour les turbines Francis,
C(t)=0 pour le calcul de PL pour la roue et les
labyrinthes, si le groupe est a I'arrét avec la bache
spirale sous pression, mais C(t)#0 pour le calcul de
PL pour les directrices et les plagues d'usure.

2.2.10

facteur de taille

facteur qui caractérise le mode d'association~de
I’érosion hydro-abrasive et de la tailler \des
particules abrasives = diamétre meédian< des
particules dP;, en mm

K

taille

2.2.11

facteur de forme

facteur qui caractérise le mode d‘aSsociation de
I'érosion hydro-abrasive et deyMa forme des
particules abrasives

Note 1 a l'article: Voir Apnexe D.

forme

2.2.12

facteur de dureté

facteur qui caractérisé le mode d'association de
I'érosion hydro-abrasive et de la dureté des
particules abrasives,

Pour I'aciet inpxydable 13Cr4Ni: K, .. = fraction
des particules ayant une dureté Mohs supérieure a
4,5

Pour.les surfaces ayant un revétement dur: K, ...
— fraction des particules ayant une dureté Mohs
Supérieure & 7

K

dureté

2.2.13

facteur de
résistance du
matériau

facteur qui caractérise le mode d'association de
I'abrasion et des propriétés matérielles du
matériau de base

2.2.14

coefficient
di€coulement

coefficient qui caractérise le mode d'association de
I'érosion hydro-abrasive et de I'’écoulement autour
de chaque composant

mm x|s%4
kg x h|x m®

2.2.15

intervalle
d'échantillonnage

intervalle de temps entre deux échantillons d'eau
prélevés pour déterminer la concentration en
particules abrasives dans l'eau

2.2.16

charge annuelle
en particules

charge totale (PL) pour 1 année d'exploitation,
c'est-a-dire PL pour T = 8760 h calculée
conformément au 2.2.9

kg x h/m3

2.2.17

concentration
maximale

la valeur maximale de l'intégrande dans l'intégrale
de PL sur un intervalle de temps spécifié, c’est-a-
dire la valeur maximale donnée par I'expression
suivante:

PLinax = C(t)x Ktailie (t) X Kiorme (1) * Kgurete ()

kg/m3

2.2.18

diametre médian
des particules

diamétre médian des particules abrasives dans un
échantillon, c'est-a-dire que les particules d'un
diameétre inférieur a la valeur considérée

dPg,
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Para- Terme Définition Symbole Unité
graphe
représentent 50 % de la masse totale des
particules présentes dans I'échantillon
2.2.19 angle d'impact angle entre la trajectoire des particules et la o
surface du substrat
2.2.20 vitesse débit divisé par la section minimale d'écoulement W m/s
caractéristique au | au niveau des directrices pour le point de meilleur gv
niveau des rendement
directrices de
turbines Francis Q
ou Kaplan We,, =
~ ax Zo X BO
2221 vitesse vitesse de I'eau au niveau des injecteurs » m/k
caractéristique au n
niveau des
injecteurs Pelton Winj =42xE
2292 vitesse vitesse relative entre I'eau et les pales/aubes de la W m/k
caractéristique au | roue estimée a l'aide des formules ci-dessous au run
niveau de la roue meilleur point de rendement
de turbine
[2 2
Wrun = u2 + C2
u,=nxzxD
Qx4 .
¢, = ——— (Francis)
zxD
Qx4
C, = (Kaplan)
2 2
7 x(D%=D,")
22923 vitesse vitesse relative entré*l’'eau et les augets
caracteristique W mik
dans la roue run P
Pelton Wiun =0,5x+v2xE
2224 débit volume d'eau s’écoulant par unité de temps dans Q m3ls
toute-section du circuit
2295 ouverture du plus courte distance moyenne entre deux a m
distributeur directrices contigués (a une section spécifiée si
nécessaire)
Note 1 a l'article: Pour plus d’informations, voir
I''EC 60193.
2226 nombrede nombre total de directrices dans une turbine 7
difectrices 0
22927 Hauteur du hauteur du distributeur au niveau des aubes B m
distributeur directrices dans une turbine 0
2.2.28 vitesse de rotation | nombre de rotations de la machine par unité de n 1/s
temps
2.2.29 vitesse spécifique | vitesse spécifique communément utilisée pour les n rpm
machines hydrauliques s
_ 60xnx+P
s =—— 75—
H5/4
P et H correspondent au point de fonctionnement
nominal et sont exprimés en kW et m
respectivement
2.2.30 puissance puissance de la turbine au point de fonctionnement p KW

nominal
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Para- Terme Définition Symbole Unité
graphe
2231 profondeur profondeur estimée de métal érodé au niveau d'un Starget mm
d'érosion hydro- composant de la turbine cible du fait de I’érosion
abrasive évaluée hydro-abrasive
pour la turbine
cible N . . ST
Note 1 a l'article: A utiliser pour la modélisation
par analogie.
2232 profondeur profondeur de métal érodé au niveau d'un Sref mm
d'érosion hydro- composant de la turbine de référence du fait
abrasive observée | d’érosion hydro-abrasive
sur la turbine de
référence N . . e
NOULE L a Tdllitie. A UUISET pgour Ta TIMOUCsatlorn
par analogie.
2.2.33 nombre nombre d'injecteurs d'une turbine Pelton Zjey
d'injecteurs
2.2.34 largeur d'auget largeur d'auget d'une roue de turbine Pelton B, mrh
2.2.35 nombre d'augets nombre d'augets d'une roue de turbine Pelton Z;
2236 temps entre temps entre chaque révision de la turbine cible. TBOipie h
chaque révision
de la turbine cible N - i A
Note 1 a l'article: A utiliser pour la modélisation
par analogie
2.2.37 temps entre temps entre chaque révision de la turbine de TBO, ¢ h
chaque révision référence.
de la turbine de
référence N . - .
Note 1 a l'article: A utiliser powr la modélisation
par analogie
2.2.38 dimension de dimension de référence pourile calcul des effets de RS m
référence de la I'érosion hydro-abrasive,dépendant de la courbure
turbine
Note 1 a l'articler> 1l s'agit du diamétre de
référence D pour'les turbines Francis (voir 2.2.4)
Note 2 a l'atticle: Il s'agit de la largeur d'auget
interne Bjlpour les turbines Pelton.
Note 3" a l'article: Pour plus d’informations
concernant la  largeur d'auget B,,  voir
I"\EC 60609-2.
2.2.39 exposant de taile exposant du terme RS décrivant les effets de p
I'érosion hydro-abrasive liés a la taille de la
machine
2.2.40 exposant exposant égal a 0,4-p et permettant de compenser o

le coefficient K; au niveau des unités

3 Prédiction du taux d'érosion hydro-abrasive

3.1

La formule suivante peut étre utilisée pour estimer la profondeur d’érosion hydro-abrasive
pour une turbine Francis:

e la vitesse caractéristique, W, est définie de 2.2.20 a 2.2.22. Si les données nécessaires au
calcul du W ne sont pas disponibles, il est possible d’estimer W avec la Figure 1,

Modélisation de la profondeur d’érosion hydro-abrasive

S:W3'4><PL><Km><Kf/RSp

e PL, K, et RS sont respectivement définis en 2.2.9, 2.2.13 and 2.2.38,
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e pour les composantes de turbine Francis sans revétements, K¢ and p sont extraits du

Tableau 1 ci-dessous.

Pour plus d’'informations concernant cette formule, se référer a I'’Annexe |. Un calcul
d'échantillon est disponible a I'Annexe G.
s A
=25
>
(=]
=
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=}
g
@
5 2 Wrin — (0,20 + 0,003 X MgJ X (£ X § X H)°o
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NOTE |[Les valeurs de n, et de H données sur cette figure se référent au point de fonctionnement nomin

que les|vitesses caractéristiques sant celles décrites a I'Article 2.

et dans la raue, W,

Tableau 1 — Valeurs de K et p pour différents composantes

Vitesse spécifique de la turbine, ng (en utilisant m et

—igure 1 — Estimation des vitesses caractéristiques dans les directrices, Wyy
en fonction de la vitesse spécifique de la turbine

kW)
IEC

pl alors

Composante K; Exposant p
(pour RS)
Directrices des Francis 1,06 x 1078 0,25
Plagues d'usure des Francis 0,86 x 10°® 0,25
Labyrinthes des Francis 0,38 x 10°® 0,75
Entrée de roue des Francis 0,90 x 107 0,25
Sortie de roue des Francis 0,54 x 10 0,75

3.2 Modéle par analogie

Dans le modele par analogie présenté dans ce document, les TBO de deux turbines sont
comparés. Pour ce faire le TBO d’une turbine (appelée par la suite turbine de référence) ainsi
que les différences des parameétres ayant une influence sur I'érosion hydro-abrasive par
rapport & une autre turbine (appelée par la suite la turbine cible) doivent étre connus pour
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permettre de calculer le TBO de la turbine cible. On doit noter que les mémes critéres de
révision doivent étre considérés pour ces deux turbines.

Le but du modéle par analogie n’est pas de calculer la profondeur d'érosion hydro-abrasive
(S). Ce faisant, un modele étalonné d’évaluation de la profondeur n'est pas nécessaire. Les
criteres relatifs au TBO peuvent étre le degré d'endommagement, la perte de rendement ou
autres, mais doivent étre identiques pour les deux turbines.

Quelques différences concernant la méthode d'élaboration de la formule existent entre le
modéle par analogie et le modéle absolu:

N

L] da 1o :(1 mrecourtT Ul:! :C IIIUdC:C pcu Glla:Uu;C LLA~3 ua:bu:c pao :G pIUfUIIdCUI d.éIUD;UII ydrO-
abrasive des composants individuels, des constantes valables pour la turbine darns son
engemble sont utilisées en lieu et place de différentes constantes propres a chacunje des
composantes;

e ung turbine de plus grandes dimensions peut, a priori, tolérer une profondeur d'érosion
hyfiro-abrasive plus importante qu'une turbine de petites dimensions, avant de nécessiter
ung révision. De ce fait, I'exposant relatif a la taille de référence de-la turbine, p, ept pris
égpl a 1 pour le modele par analogie;

e popr les turbines Pelton, on considére que la roue est le~.composant critique ppur la
mgintenance. Outre les facteurs décrits dans le modele absolu, le terme K; pour les|roues
de| turbine Pelton est supposé proportionnel au nomhbred'injecteurs, a la vitesge, et
inJersement proportionnel au nombre d'augets;

Le TBD pour la turbine cible est alors évalué comme sdit:

TBO¢igie / TBOyef = Wref3'4 /Wcible3'4 x PLyet / PLjpie> Km, ref / Km,cible X Kf,ref / Kt cible X RScible”

/ RSref

Les rapports utilisés dans I’équation ci-dessus sont évalués de la maniére suivante:

Turbines Pelton: K¢ et / Ky ciple = Zjet.fer * 22,cible / (Zjet,cible * Z2,ref)
Turbines Francis et Kaplan: K (o+#K¢ cipje = 1
Exposjant de taille: p =1

La prdcision du modeéle par analogie est susceptible de se réduire si les différences enjre les
turbings de référence_ét cible deviennent importantes.

La sefsibilité de~la‘valeur TBO calculée aux variations des données d'entrée peut également
étre éfudiée al'aide de cette méme formule. Un calcul d'échantillon est disponible a I'Ahnexe
H.

3.3 Evdluation simplifiée de I'’érosion hydro-abrasive

En plus des formules décrites en 3.1 et 3.2, d’autres méthodes pour estimer I’érosion hydro-
abrasive ont été proposées en [15] et [22]1. Chagque méthode peut avoir ses avantages et ses
inconvénients.

Comme regle rapide et efficace et dans le but de réaliser une premiére évaluation de la
séveérité sur un site donné, il est recommandé d’évaluer I'expression suivante, comme décrit a
la Figure 2.

Si C x H1.5 <150 alors I'érosion hydro-abrasive n’est probablement pas significative.

1 Les chiffres entre crochets se référent a la Bibliographie.
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Si 150 <C x H 1.5 <1 500 alors I'’érosion hydro-abrasive peut étre significative.

Si C x H1.5>1 500 alors I'érosion hydro-abrasive peut étre séveére.

Cette regle est évidemment approximative mais elle peut étre utile pour décider si une
analyse plus approfondie est a envisager.

e
T
1 000 \
900 — C x H1.5 =150
800 — C x H15 =1 500 ¢
700 )
|

Risk élevé d'érosion hydro-abrasive: la
600 caractérisation des particules est obligatoire:

- Concentration tout au long de llannée

- Dureté
500 - Taille

Forme
400
300
200 Risque significatif
d'érosion hydro-abrasive:
100 la caractérisation 'des particules est recommandée
Risque non significatif,d"érosion hydro-abrasive -
0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Concentration annuelle moyenne de particules C (kg/m3)
IEC
Figbre 2 — Evaluation simplifiée de I’érosion hydro-abrasive
pour une premiére évaluation
4 Copnception

4.1 Généralités

Les lignes directrices ci-dessous expliquent certaines méthodes recommandées pour réduire
au minimum I'érosion hydro-abrasive et ses conséquences, et ce, en apportant des
modifications a la conception initialement utilisée lorsque l'eau n'est pas chargée en
particules.

Il convient de comprendre que chaque centrale hydraulique est le résultat d'un compromis
entre diverses exigences. Méme si la conception d'une turbine destinée a résister davantage
a I'érosion hydro-abrasive est possible, une telle conception est susceptible d'altérer d'autres
caractéristiques de cette derniére. Citons quelques exemples:

e une épaisseur plus importante des pales/aubes peut entrainer une diminution du
rendement et un risque accru de vibrations par les tourbillons de von Karman;
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e un nombre de pales/aubes réduit (afin d'améliorer I'accés aux surfaces des pales/aubes
en vue d'un traitement de surface par projection thermique) peut dégrader le
comportement en cavitation;

¢ les revétements de surface résistant a I'érosion hydro-abrasive peuvent engendrer une
rugosité de surface plus importante susceptible d’altérer le rendement. Cette
augmentation initiale de la rugosité peut étre réduite par effet de polissage par les
particules présentes dans I'eau pendant la phase d’opération. Evidemment, dans le temps,
une turbine ayant un revétement maintiendra un niveau de rendement supérieur comparé
a une turbine non revétue;

e un recouvrement réduit au niveau des aubes/pales peut pénaliser les performances en
cavitation ce qui, en conséguence, peut réduire la puissance envisageable dans le cas
d’Une réhabilitation de turbine;

e legq caractéristiques de conception en vue d’améliorer la résistance a I'érosien phydro-
abrasive conduisent souvent & augmenter le co(t total de la centrale.

Il conjient de considérer et de choisir la combinaison optimale des caractéristiques de
conception portant sur la résistance a I'érosion hydro-abrasive en pteffant comptp des
conditjons spécifigues a chaque site, de I'impact économique lié a-la durée de vie|de la

centrale.

Comnle régle générale pour la conception, il convient que la sutface exposée a I'eau abfrasive
soit |@ plus petite que possible. Il convient égalements, d’éviter les discontinuitép, les
transifions vives ou les changements brutaux de direction dée)l'écoulement.

4.2 |Sélection des matériaux et revétements présentant une forte résistance a
I’érosion hydro-abrasive

La sélpction des matériaux et des revétements possibles qui présentent une forte résistance a
I’érosipn hydro-abrasive est importante. Voir‘aussi I'Article 6.

Du fdit que la corrosion fait augmenter le taux d'érosion hydro-abrasive, les Jaciers
inoxydables sont recommandés. Des(aciers inoxydables soudables sont a privilégier.

Dans |e cas ou le revétementrésistant a I'érosion hydro-abrasive n’est pas appliqué lorg de la
fabricqtion initiale, il est recommandé d'adopter une conception hydraulique et mécanique

tenue
mples

isante
peuvent etre utilisés a la place de composants en acier moxydable massif, si le codt du
rechargement par soudage est plus faible que le colt du composant en acier inoxydable.

4.4  Systeme d'adduction hydraulique

Un point important a prendre en compte pour le systeme d'adduction hydraulique consiste a
éliminer le plus grand nombre de particules possible avant que celles-ci ne pénétrent dans les
zones a grande vitesse des machines.

Des réservoirs de grande taille peuvent étre trés utiles a cet effet. Souvent une trés grande
quantité de particules peut étre éliminée de I'eau. L'aspect négatif de cette solution est que
les réservoirs peuvent se remplir rapidement. Ceci aura comme conséquence que de plus en
plus de particules et aussi de taille plus importante atteindront la prise d'eau et passeront a
travers la turbine. La sédimentation peut étre réduite de plusieurs maniéres, méme s’il n’est
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pas possible de la prévenir complétement. Les possibilités sont une chasse d’eau compléte et
aussi l'utilisation d'un canal/tunnel servant de by-pass pendant la saison des crues afin de
dérouter l'eau la plus chargée en particules autour du réservoir aval de la centrale
hydroélectrique. Le maintien de la capacité de stockage active des réservoirs est une
possibilité afin de maintenir également le fonctionnement de la turbine et des codts de
réparation relativement constants.

En I'absence de tels réservoirs, il est possible d'installer des chambres appelées chambres de
dessablage (ou dessableurs) ainsi qu’en amont des pieges a gravier ou autres dispositifs
permettant d’exclure les particules les plus grossiéres de la prise d'eau. Il apparait que la
taille minimale des particules que ces dessableurs peuvent éliminer, se situe entre 0,1 mm et
0,3 mm,avant que le coiit et la dimension des structures ne deviennent trop impaortants. La
conception détaillée de ces dessableurs ne reléve pas du domaine d’application, de ce
document.

Il est |également important que les conditions transitoires auxquelles la centrale peyt étre
confrgntée ne perturbent pas les zones ou le sable a pu sédimenter (natunellement oy dans
les pigges du dessableur), afin d’éviter que ce dernier ne soit entrainé.dans la turljine. Il
convignt donc que la conception des piéges a sable du dessableunprenne égalemg¢nt en
considération les conditions transitoires potentielles.

Des guantités méme peu importantes de grosses particules,. telles que des pierres, pguvent
provoquer des dommages importants; ces particules peuvent étre bloquées et ne pas §tre en
mesure de traverser la turbine avant d’étre réduites en particules plus petites. Ce phéngmeéne
est pfovoqué par la force centrifuge affectant les particules, force qui est induile par
I’écoulement de I'eau entre la roue et le distributeur{Il*ést par conséquent important gue les
tunnels et conduites forcées soient propres et enxbon état lors de la mise en service| de la
turbing et aprés tout entretien. Il convient queldes pieges a cailloux soient installés en
extrémité des conduites d’amenée non blindées et que les gravats soient eplevés

périodiqguement.

Le sylstétme d'adduction proprement-dit ne fait généralement pas l'objet de dommage
imporfant par érosion hydro-abrasivé)car la vitesse de I'eau y est généralement faiblg. Une
peinture de revétement normale est habituellement suffisante pour protéger ce systeme.,

4.5 Vannes

45.1 Généralités

Lorsqlie I'on anticipe une érosion hydro-abrasive, toutes les perturbations a carpctere
mécanique de Pécoulement induisent en général une érosion-hydro abrasive importante. Il
convignt que_lechoix entre une vanne papillon ou une vanne sphérique soit discuté entre le
client et le_fournisseur parce que dans le cas d’une vanne papillon, la lentille d’étanchéjté est
exposgesde.maniére continue a I'’écoulement abrasif.

L'état du logement autour du joint de la lentille ou du disque doit étre lisse, sans arétes vives
et ne pas induire de changements importants dans la direction de I'écoulement.

Dans le cas ou plusieurs turbines sont alimentées par une seule conduite forcée et ou une
vanne sphérique ou une vanne papillon est utilisée comme vanne de garde, il est préférable
d'installer un joint de maintenance en plus du joint de service. Ce dispositif permet de
procéder a l'entretien du joint du c6té basse pression en gardant les autres turbines en
fonctionnement.

La vanne fourreau est un type de vanne particulier, des considérations similaires a celles
présentées ci-dessus s'appliquent également a ces derniéres.
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4.5.2 Protection (par obstruction) de I'espace entre le tourillon et son logement

La surface entre le tourillon et son logement est particulierement sensible a I'érosion hydro-
abrasive. La transition tourillon-obturateur constituant une des zones soumises aux
contraintes les plus élevées des vannes de garde, cette zone doit faire I'objet d'une protection
toute particuliére. Des tourillons massifs ou protégés par un rechargement par soudage en
acier inoxydable sont recommandés. Plusieurs conceptions peuvent étre proposées, a titre
d’exemple, la zone de transition peut étre protégée contre I'attaque directe de I'’érosion hydro-
abrasive par un pré-labyrinthe (voir Figure 3).

IEC

Figure 3 — Exemple de protection de‘la zone de transition

45.3 Butées extérieures a la vanne

Dans fes conditions d’érosion hydro-abrasive; il est recommandé que les butées, qui limitent
I'anglg de rotation de I'obturateur soient placées a I'extérieur au niveau du servomoteurfou de
fagcon contigué au levier.

4.5.4 Capacité appropriée del'organe de manceuvre des vannes de garde

L'ouvdgrture ou la fermeture des vannes de garde s'effectue habituellement avec une prgssion
quasi [équilibrée (exemple 100:75), pression établie a I'aide d’'une dérivation ou d’anneaux
d'étanchéité mobiles.

En cap d'érosion hydro-abrasive excessive des directrices, la différence de pression gour la
fermefure ou l'oOverture de la vanne de garde peut-étre plus importante que celle admjse ou
fixée [dans legs )plans. Il est par conséquent recommandé que la conception prenpe en
considération-une différence de pression pour la fermeture ou l'ouverture plus élevée} Si la
vanne| de,'garde a été concue comme une vanne d'arrét d'urgence, elle peut étre d¢ja en
mesure'de s'ouvrir sous une différence de pression supérieure.

4.5.5 Augmentation de la taille du circuit de dérivation pour prendre en compte un
débit de fuite plus élevé au niveau des directrices

Comme déja mentionné en 4.5.4 ci-dessus, une érosion hydro-abrasive excessive au niveau
des directrices contribue a une augmentation du débit de fuite a un niveau tel que le débit
d'eau d'équilibrage qui passe dans le circuit de dérivation de la vanne de garde ne permette
pas d'équilibrer la pression entre la conduite forcée et la bache spirale.

Il est par conséquent recommandé d'augmenter la taille du systéme de dérivation.

4.5.6 Conception du systeme de dérivation

Il est recommandé d'utiliser un systéme de dérivation externe et non interne.
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4.6 Turbine
46.1 Généralités

Ces recommandations ne comportent pas de détails concernant les profils hydrauliques. Il
convient que les spécialistes en conception hydraulique les déterminent pour chaque site.

4.6.2 Conception hydraulique
4.6.2.1 Choix du type de machine

Il est avantageux de choisir un type de machine présentant une vitesse d’écoulement peu
élevée
revéte

o Le
fai
1)| Les possibilités d’entretien et la facilité d’appliquer un revétement(sont sensiblement
éguivalentes pour ces deux types de turbines.

e Le|choix entre une turbine Kaplan et une turbine Francis doit prendre en compte [le fait
qug la turbine Francis fonctionne normalement avec une vitesseg)'d’écoulement inféfieure.
M4gis par ailleurs, il est plus facile d'accéder a la roue dlune turbine Kaplan ajin d'y
appliquer des revétements résistants a I'érosion hydte-abrasive. Les poss|bilités
d’gntretien sont sensiblement équivalentes pour ces deux\types de turbines.

e Le|choix entre une turbine Francis et une turbine Pelton doit prendre en compte le f3it que
la |[turbine Francis fonctionne normalement avetc™ne vitesse maximale d’écouol[ament

inférieure, ce qui réduit I'’érosion hydro-abrasive _pour les turbines Francis. Toutefajs, les
pigces d'une turbine Pelton soumises a la vitesse d’écoulement maximale (c'est-a-djre les
pojnteaux et les siéges) sont de petites dimensions et leur accés est plus aisé pour y
appliquer des revétements résistant a ‘f'érosion hydro-abrasive. La maintenance|de la
turlbine Pelton est également plus facile;

4.6.2.2 Vitesse spécifique

Pour yne méme installation, les.machines de plus faible vitesse spécifigue sont normalement
de plys grandes dimensions, les vitesses d’écoulement étant inférieures au niveau|de la
sortie roue. Cependant, les vitesses d’écoulement ne sont pas inférieures dans les dire¢trices
et au [niveau de l'entréevde la roue. Le dommage par érosion hydro-abrasive des turbines
Kaplan, bulbes et Franeis sous des chutes nettes peu élevées se rencontre principalemgnt au
niveay de la roue, d'otl I'importance de la vitesse spécifique. Le dommage par érosion hydro-
abrasiyve pour les, turbines Francis de haute chute se rencontre principalement au niveau des
directilices, d'ethune importance moindre de la vitesse spécifique.

Dans |lescas des turbines Pelton, la vitesse d’écoulement ne dépend pas de la \itesse
spéciflque’. Toutefois, un hombre réduit de jets constitue un avantage pour une turbine Pelton
dans la mesure ou les augets étant de plus grande dimension, I'accélération de l'eau y est
réduite, ce qui provoque un dommage par érosion hydro-abrasive moindre. Un nombre de jets
réduit entraine automatiquement une vitesse spécifique également réduite.

4.6.2.3 Vitesse variable

Les machines a vitesse variable, bien que peu courantes, sont moins sujettes a la cavitation,
y compris si la gamme de chutes nettes est importante. En raison de cette caractéristique, la
machine a vitesse variable est probablement plus résistante a I'érosion hydro-abrasive.

4.6.2.4 Enfoncement de la turbine

La cavitation et I'érosion hydro-abrasive se renforcent mutuellement. Il est donc recommandé
que I'enfoncement de la turbine soit plus important pour les installations susceptibles d'étre
soumises a de I’érosion hydro-abrasive.
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4.6.2.5 Aubes en porte a faux

Lors de la réhabilitation d'une roue de turbine Francis, la puissance de la turbine de maniéere
est parfois augmentée de maniere significative. Une méthode permettant d'y parvenir consiste
a étendre la ceinture de roue a l'intérieur du cdne d'aspirateur, de maniére a augmenter la
surface des aubes pour améliorer le comportement en cavitation, voir Figure 4. Ceci génére
toutefois des turbulences supplémentaires a I'entrée du céne d'aspirateur, turbulences qui
augmenteront la quantité de métal érodé en présence de particules dans I'eau. Une autre
conséquence des aubes en porte a faux est la création d’'une zone de plus basse pression a
I'aval du labyrinthe inférieur, ce qui engendre un débit de fuite plus important et donc une
érosion hydro-abrasive plus importante au niveau de ce labyrinthe.

4.6.2.

Une p
une n
pales/
le plug
peut r
tourbil
de l'a
mentiq

blindage de
I'aspirateur existant

Figure 4 — Aubes en pante a faux pour un projet de réhabilitation
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b Pales/aubes plus,épaisses

us grande épaisseur, des pales/aubes, notamment au niveau de l'aréte de sortie,
narge de sécurité\supplémentaire avant que la perte de matiére au nivea
aubes ne devienne critique pour l'intégrité de structure de la roue. Il convient d'ac
grand soin @ la conception des aubes/pales plus épaisses. En effet une aube é
Bduire le rendement de la turbine et accroitre le risque d’éventuels problemes li

ibe peut également étre plus important (voir Figure 5). Dans ce contexte, o

moyer

donne
I des
corder

paisse
S aux

lons de(von Karman. Le risque de cavitation au niveau de la ceinture de roue, en aval

peut

nper_que I'utilisation de revétements résistants a I'érosion hydro-abrasive peut tre un
pour concevoir des profils de moindre épaisseur, avec une augmentation marginple de

|'épaisseur due au revétement.
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Figurle 5 — Exemple de cavitation sur laeeinture de roue due a des aubes trop épajsses

4.6.2.7 Directrices en porte a faux

En cap de directrices en porte_a,faux, la face inférieure des directrices est soumise |a une
forte purbulence et a une (forte recirculation. L’érosion hydro-abrasive peut don¢ étre
imporfante dans ces zones. La forte turbulence peut également avoir une influenge sur
I'entrée de la roue au niveau de la ceinture. Il est recommandé de limiter le porte-a-faux au
minimpm.

4.6.3 Conceptioh mécanique

4.6.3.1 Généralités

Lorsqui'un ,phénoméne d'érosion hydro-abrasive est attendu et que le type de turbipe est
défini, et Se F 2 f ertette—mets—e Ha—eohree ption
mécanique, en adoptant certaines mesures de prévention; mesures qui peuvent réduire le
taux d'érosion hydro-abrasive et permettre un entretien ou un remplacement aisé des piéces
érodées. Ce paragraphe introduit certaines possibilités.

Lorsqu’il est prévu d'appliquer un revétement spécial, la conception des piéces a revétir doit
permettre I'application du revétement.

Les paragraphes suivants distinguent des mesures directes permettant de réduire I'érosion
hydro-abrasive et des mesures autorisant une maintenance et un démontage aisés des
composantes érodées.
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4.6.3.2 Mesures directes permettant, en présence d’érosion hydro-abrasive, de

réduire I'usure ou de prolonger la durée de vie

4.6.3.2.1 Joints d’étanchéité des directrices

On distingue trois types différents de dispositifs d’étanchéité: les joints d'extrémité, les
surfaces de contact entre le bord d’attaque et le bord de fuite des directrices, et les joints
entre le tourillon de la directrice et les deux flasques.

Les faces des directrices peuvent comporter des joints d'extrémité. Ce type de dispositif est
efficace dans tous les cas de fonctionnement. Un autre type de joint d'extrémité est fixe, il se
situe sur les flasques. Ce dispositif n'est efficace que si les directrices sont fermées. Ces

deux

et rédpisent donc I'érosion hydro-abrasive des composantes adjacentes. Cependant, |eS
eux-mémes sont également soumis a érosion hydro-abrasive, et, ce faisant, leur duree

peut &

L'utilis
que S

remplacement est facile. Le remplacement est plus facile lorsque le$s joints sont situé

les fla

Des |j

permettent de réduire le débit de fuite lorsque le distributeur est fermé. Généralem

princifg
type d
fermé

La Fig
flasqu

ouverfe ou fermée. lls ont par ailleurs uns-effet positif sur le taux d'érosion hydro-abras

convig
hydro-

pes de joint réduisent le débit de fuite qui s'écoule dans ces jeux de faible dimension,

re limitée.

i leur durée de vie est supérieure au temps entre chaqueOrevision ou 9
q

sques, et non aux extrémités des directrices.

pints d’étanchéité situés entre le bord d’attaque et¢evbord de fuite des dire

e qui s'applique aux joints d'extrémité est égalemént valable dans le cas prése
e joint est efficace lorsque la turbine est a Jarét sans que la vanne de gard

1)

ure 6 montre un exemple de joints entre’ le tourillon des directrices d'une part
bs d'autre part. Ces joints réduisent Tes fuites, que les directrices soient en p

nt d’utiliser des bagues d'étancheité en acier inoxydable massif résistant a I'é
abrasive ou en acier inoxydable,revétu.

joints
de vie

ation de ces joints d'extrémité pour éviter I'’érosion hydro-abrasive.'n’est raisopnable

i leur
dans

Ltrices
ent, le
ht. Ce
e soit

et les
Dsition
ive. Il
Fosion

Figure 6 — Exemple de conception de joints au niveau des tourillons des directrices

Il convient d'utiliser, pour les pieces placées en vis-a-vis de tous les joints, de l'acier
inoxydable ou un revétement résistant a I'érosion hydro-abrasive.
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Une méthode plus efficace pour réduire le débit de fuite, machine a l'arrét, consiste a
soumettre les directrices a une précontrainte en position fermée. De plus, le bord de fuite des
directrices peut étre fabriqué avec une certaine cambrure pour compenser la déformation
sous l'action de la pression de I'eau et permettre ainsi de ne pas avoir de jeux lorsque les
directrices sont en position fermée et soumise a la pression exercée par la chute.

4.6.3.2.2 Emplacement des labyrinthes de roue

Une position appropriée des labyrinthes dans les turbines Francis peut également réduire
I'érosion hydro-abrasive des labyrinthes. Il convient d'éviter tout captage des particules
abrasives a I'amont des labyrinthes, de méme que toute augmentation de la concentration.

Dans Je cas des turbines de vitesse spécifiqgue moyenne a élevée, les labyrinthes serpnt de
préférence situés directement au niveau de la transition entre les flasques et le plafond ou la
ceintufe de roue. Cela permettrait d’éviter une accumulation de particules en“amont des
labyripthes.

Lorsquie cette position des labyrinthes déséquilibre la poussée axiale, le phenomene ddit étre
compensé lors de la conception des tuyaux d'équilibrage ou du pivot.

4.6.3.2.3 Protection du béton par un blindage acier de pldsygrande dimension

Dans des conditions normales d'utilisation, en I'absence dé: particules abrasives, il cgnvient
de prévoir un blindage acier ou autre protection supplémentaire du béton lorsque la \itesse
de I'é¢oulement dépasse 6 m/s & 7 m/s. Si I'eau contient\des particules abrasives, il cgnvient
d'étendre cette protection afin de préserver le béton<bontre I'érosion hydro-abrasive. Dans ce
cas, 13 limite de vitesse recommandée est comprisé.entre 4 m/s et 5 m/s.

4.6.3.2.4 Arrosage du joint d’arbre aveerde I'eau «propre»

Dans [le cas de turbines opérant avec e I'eau chargée en particules, les joints d'arbres
doivent étre alimentés avec de l'eau propre. Il convient d’éviter que la face de contac{ ou la
face dfappui entre en contact avec lgS)particules abrasives.

Des filtres ou hydro-cyclones™appropriés doivent permettre d'épurer l'eau, cette épyration
peut parfois se révéler difficjle-

Un joint d'arrét est recommandé pour protéger le joint d’arbre contre la pénétration|d'eau
contenant des particules abrasives. En I'absence de ce joint d'arrét et lorsque la pressign aval
s’exerpe au niveau\du joint d’arbre, il convient d'alimenter ce dernier avec de I'eau gropre,
méme|lors de l'arrét de la turbine.

Il conyient _également de pouvoir facilement remplacer le joint d’arbre sans avoir a dérhonter
d‘autrtfs piéces.

4.6.3.2.5 Plaques d'usure au niveau des flasques

Des plaques d'usure disposées sur les flasques en regard des directrices permettent de
réduire I'érosion hydro-abrasive de maniere efficace. Ces plaques sont fixées sur les flasques
et sont démontables.

Lorsque l'usure par érosion hydro-abrasive prévue est élevée et que les plaques d'usure
doivent étre souvent remplacées, il est recommandé de fixer les plaques d'usure au moyen de
boulons implantés coté «sec» des flasques. Ces boulons doivent étre étanchéifiés en
conséquence.
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Boulonné par
I'intérieur (coté sec)

Flasque (

supérieure

‘ Roue

d LI A

N — VARERN \

1
Sens de /o \
I'écoulement — Plagque d'usure

Figure 7 — Exemple de fixation de plagues d'usure cbté sec
(élément de fixation a gauche)
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Classiguement, les plaques d'usure sont fixées aux flasques a laide de boulons en acier
inoxydable implantés c6té eau. Les tétes de boulons doivent étre-arasées au niveau| de la
surface des plaques d'usure, il convient en outre d'éviter toute discontinuité de surfage. Le
remplacement de plaques d'usure avec fixation c6té eau estiplus long que si cette fixatipn est
faite c[oté sec, de plus ce montage rend plus compliqué la mise en ceuvre d'un revétemgnt. Se
référef a la Figure 7. Si des plaques d'usures revétugs sont utilisées, il convient que la
fixatiop soit réalisée c6té sec.

Une golution alternative est possible selon levtaux d’érosion hydro-abrasive prévu. Un
revétgment en acier inoxydable peut égaleméent étre utilisé en lieu et place de plaques
d'usure amovibles. Si la hauteur des directrices est suffisamment importante pour permettre
l'acces a ce revétement en acier inoxydable, il peut également étre réparé sur site.

4.6.3.2.6 Revétement intérieurgn acier inoxydable des manteaux de roue

Il est [recommandé que le manteau de roue des turbines Kaplan et bulbes soit en| acier
inoxydable massif ou protégé,/cdté eau, par un revétement épais en acier inoxydable|l Ceci
permgt de prolonger la durée de vie du manteau de roue. La réparation de toute surface usée
peut g'effectuer par un-nouveau rechargement par soudage intérieur en acier inoxydable, par
soudapge de dalles en,dcier inoxydable ou par l'application d'un revétement par projection
thermigue.

4.6.3.2.7 Revétement intérieur en acier inoxydable sur les flasques suférigur et
inférieur

Touteg les surfaces exposées a I'eau des flasques supérieur et inférieur sont soumjses a
I’érosion hydro-abrasive. L’application d’'un revétement en acier inoxydable ou de plaques de
protection en acier inoxydable, notamment dans les zones présentant des discontinuités ou
des variations de direction de I'écoulement, est recommandée. La réparation du revétement
en acier inoxydable usé peut s'effectuer par un nouveau rechargement par soudage en acier
inoxydable, par soudage de dalles en acier inoxydable ou par l'application d'un revétement
par projection thermique.

4.6.3.2.8 Epaississement des parois

L'augmentation d’'épaisseur de parois d'une composante est une des méthodes permettant
d'augmenter le temps entre deux révisions suite a un phénomeéne d'érosion hydro-abrasive.
L'augmentation de [|'épaisseur de parois des composantes hydrauliques telles que les
pales/aubes, fait I'objet du 4.6.2.6.
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En ce qui concerne les composantes strictement liées a la tenue mécanique, et qui n'ont pas
d'influence sur le rendement de la turbine, I'épaisseur de paroi peut étre augmenté dans les
zones critiques pour éviter toute défaillance précoce sous I'action de plus fortes contraintes.
Les composantes typiquement concernées sont les tourillons des directrices ainsi qu'une
augmentation de I'épaisseur de paroi au niveau des raccordements des flasques supérieur et
inférieur, des directrices et des avant-directrices.

Un point important consiste a ce que I'épaisseur de la paroi des tuyaux en acier noyés dans
le béton soit suffisante — notamment les tuyaux d'équilibrage (ou de décharge plafond) au
niveau du flasque supérieur, si ce type de tuyau est utilisé. Les coudes de ces tuyaux sont
plus particulierement soumis a une érosion hydro-abrasive sévére en raison de changements
brusqnpq de direction de I'écoulement Par Pnnqéqnpnf il convient que I'élnaiccpur de paroi
de ceg tuyaux soit renforcée, tout comme il convient d'utiliser des coudes avec un plus|grand
rayon |de courbure. La Figure 8 représente des tuyaux d’équilibrage classiques.

une vitesse d’écoulement faible, prenant en compte toute augmentation de‘fuites au fiveau
des lapyrinthes. Il peut étre raisonnable de considérer que la surface d’ouverture des {fuyaux
d’équilibrage soit au moins trois fois celle de la surface au niveal’ des jeux entfe les
labyrinthes. L'équilibrage est bien entendu également possible en-pratique a I'aide dd trous
dans Ip plafond de la roue en lieu et place de tuyaux d'équilibrage externes.

Lorsqj'be de tels tuyaux d'équilibrage sont utilisés, il convient également de les concevoiyr pour

Nt

IEC

Figure.8 — Tuyaux d'équilibrage avec coudes au niveau du flasque supérieur

4.6.3.279 Pivot

Dans les turbines Francis, la poussée axiale peut dépendre du niveau de débit de fuite aux
labyrinthes et par conséquent du jeu de ces derniers. En cas d'érosion hydro-abrasive, le
pivot doit étre congu de maniére a supporter toute charge additionnelle, de sorte que la
turbine puisse fonctionner avec des labyrinthes présentant un certain degré d'usure.

4.6.3.3 Etudes conceptuelles pour faciliter la maintenance ou le remplacement
4,6.3.3.1 Généralités

Lorsque les composantes sont endommagées par érosion hydro-abrasive et doivent étre
remplacées, il est trés important que ces remplacements ou réparations puissent étre
effectués rapidement et facilement afin de réduire le temps d'arrét et l'interruption de
I'exploitation. Il convient que ceci soit pris en considération dés la phase d’avant-projet de la
centrale, et la conception doit le prendre en compte.
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4.6.3.3.2 Démontage des composantes

Les principales composantes des turbines Francis qui doivent étre remplacées ou démontées
pour réparation sont la roue, les directrices et les plaques d'usure. Un démontage par-
dessous de la roue et du flasque inférieur permet un démontage rapide sans démontage du
générateur, du cercle de vannage, du distributeur et du flasque supérieur.

Si, pour des raisons spécifiques, le démontage depuis la partie inférieure de la turbine n'est
pas possible, un "démontage intermédiaire" au niveau du plancher turbine facilite le retrait de
la roue sans démonter le générateur. Toutefois le flasque supérieur et le mécanisme de
manceuvre du distributeur doivent étre démontés.

Afin SE faciliter le démontage de la roue, il convient que le montage et le démontgge du
plate d’accouplement roue — arbre de la turbine puissent étre effectués facilgment.
Notanment si le programme de maintenance prévoit l'utilisation de deux reues (upe en
opérafion, une en attente) pour un groupe (une ligne d’arbre). Les accouplements par friction
ou leq accouplements ne nécessitant pas d’ajustage mécanique conjointsur site sont des
solutigns possibles.

4.6.3.8.3 Conception appropriée pour I'application de revétements

La régistance a I'érosion hydro-abrasive des composantes pgut-étre améliorée de mpniere
significative par I'application d'un revétement résistant approprie. La possibilité de projonger
la dur¢e de vie d'une composante revétue dépend de plusieurs facteurs, par exemple:
e de|la composante et du type de turbine;

e de|la chute nette et du débit;

e de|la concentration et de la composition desyparticules;

e dep conditions d'écoulement autour de la eomposante.

Les rgvétements résistant a I'érosion_hydro-abrasive ne sont habituellement pas efflcaces
contrgl la cavitation. Le revétement, peut étre détruit localement et rapidement duivant
I'intengité de la cavitation.

Les principales composantes’ suivantes, classées selon le type de turbine, peuvent
actuellement étre envisagées avec revétement, soit intégralement, soit partiellement,| selon
I'état actuel de la technigue. Il convient que les solutions spécifiques de revétements [soient
déterminées au vu (de~la nécessité d'une protection contre I'érosion hydro-abrasiye, de
I'accesgsibilité au niveau des composantes et des impératifs économiques.

Turbime Frangis, pompe, pompe-turbine:

e Rdue

— Habyrinthes
— si possible, I'ensemble du canal hydraulique. En cas d'acces difficile pour I'application
du revétement, les surfaces revétues peuvent étre restreintes au c6té aspiration de la

sortie de roue, a la ceinture et a l'entrée des aubes. Il est a noter que la partie
limitante d’'une durée de vie de roue Francis est normalement la face c6té pression
des aubes de roue

— plafond et ceinture de roue
e Directrices — profil dans son ensemble, bagues d'étanchéité au niveau du tourillon
e Flasque supérieur — labyrinthes fixes, plaques d'usure

e Flasque inférieur — labyrinthes fixes, plaques d'usure
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Turbine Pelton:

¢ Roue - surface interne de l'auget, a I'exception de la zone d’attache lorsqu'un contréle
non destructif est nécessaire

e Té&te de pointeau

e Be

¢ de buse d'injecteur

e Buse d'injecteur

e Dé

flecteur (si d’utilisation fréquente)

Turbines Kaplan, hélice et bulbe:

e Pdlles de roue
e Mayeu de roue (pour les cas extrémes)
e Dilectrices (pour les cas extrémes)

e Plaques d'usures (pour les cas extrémes)

Il conyient d'accorder une attention toute particuliere a la projection thermique po

compd
bague
bague
compd

Il con
soient
exiger
ainsi g

Les ¢

condujre & un écaillage et a des fissures'au niveau des arétes vives ou des angles vifs.

d’'exer
therm
angles

4.6.3.

En gé

carbope peut également étre envisagée pour des raisons économiques (mais

possih

4.6.3.

Un es

santes soumises a des dilatations importantes de par leur fonetion. Dans le cas
de siege d'injecteur, pour une chute nette supérieure a(l, 000 m, la dilatation
de siége peut provoquer des fissures dans le revétement et donc la défaillance
sante.

ur les
d'une
de la
de la

ces séveéres de tolérances dimensionnelles. ‘Tel est par exemple le cas des labyri
ue de la distance entre plaques d'usure et directrices.

bntraintes résiduelles présentes dans les couches projetées thermiquement pg

nple, et dans I'état actuel de “la technique, pour les revétements par proj
que, il est recommandé que lérayon des arétes soit au minimum de 0,5 mm, et pq

vifs de 1 mm.
B.4 Utilisation exceptionnelle d'acier au carbone comme matériau de bass
néral, on recommande I'utilisation d’acier inoxydable. Toutefois, I'utilisation d'ac

lement un risque possible accru de corrosion et de défaut d’adhérence).

B.5 Accessibilité pour I'application d'un revétement par projection thermi

bace minimum est requis pour 'application d'un revétement par projection thermi

ient que I'épaisseur de la couche de revétemént et la tolérance sur cette épisseur

prises en considération pour toutes les composantes dont la fonction implique des

thes,

buvent
A titre
ection
ur les

ier au
avec

jue

ue. Il

CONvieNMt gue ta CONCEeEpton Nydrautique et mecanque  Prenne emn COMmpte €S

d’accessibilité pour I'application d’'un revétement par projection thermique.

imites

Les labyrinthes a doigts présentent un espace réduit entre les doigts, des solutions spéciales
peuvent ainsi étre adoptées telles que des labyrinthes en plusieurs parties concentriques.
Pour les labyrinthes a étages, il peut étre avantageux d’utiliser un jeu ou d'optimiser la forme
de l'étage du point de vue accessibilité pour la projection thermique. Cependant ceci peut
influencer la performance des labyrinthes du point de vue étanchéité. Voir Figure 9 ci-
dessous.


https://iecnorm.com/api/?name=28196447ebfc5cb75a90e900acbb4914

IEC 62364:2019 © IEC 2019 - 101 -

120°

Figur

5 E

5.1

Il est
turbin

b 9 — Labyrinthe a étages de forme optimisée pour application d’un revéteme

ploitation et maintenance

Exploitation

recommandé de prendre en compte les actions suivantes lors de I'exploitatio
bS.

Nt dur

n des

Arféter temporairement les turbines et fermer les Yannes de garde pendant des péfiodes
de[concentration élevée en particules et/ou de présence importante en grosses partjcules.
Lal concentration déclenchant I'arrét est généralement comprise entre une et plusieurs
dijaines de g/l. La valeur de cette concentration de mise a l'arrét résulte |d’'une
oplimisation économique spécifique a.cchaque site, généralement basée suf des
enfegistrements d’exploitation et de maintenance. Cette opération peut éviter une érosion
hyfiro-abrasive excessive de la turbine avec une perte de production réduite.|Cette
strptégie peut se révéler utile notamment pour des installations au fil de I'eau gu une
vafiation importante de la concentration en particules peut se produire trés rapidement. Il
esf recommandé d'installer un/systéme de pré-alerte amont pour mesurer la concenfration
en| particules manuellement;éu automatiguement, et arréter la turbine avant quq I'eau
fontement concentrée en pafticules n’atteigne la prise d’eau.

Lorsque de I'eau fortement concentrée en particules est restée stagnante dans la conduite
foncée pendant uné Jongue période, les particules peuvent se déposer dans le Has de
cefte derniére. L'ouverture de la vanne de garde peut alors se révéler difficile. D4ns ce
cap, il peut étrerpossible d'injecter de l'air comprimé, par l'intermédiaire d'un sylsteme
spgcial, et d'ouvrir la vanne de vidange de la conduite forcée afin d’éliminer les parficules
se|trouvantjuste devant la vanne de garde. Dans ce cas, il est important d’analyger les
cohséquences possibles sur la vanne de téte, si elle existe, que peut engendrgr une
gralmde guantité d’air dans la conduite.

Réduire au minimum Ja quantité de deéebris traversant la turbine. Des corps solides
encombrants, par exemple, de gros morceaux de bois, du gravier (d'une dimension
supérieure a 2 mm), etc., peuvent endommager les surfaces hydrauliques et les éventuels
revétements résistants a I'érosion hydro-abrasive. Un endommagement des surfaces
hydrauliques peut augmenter les turbulences, ce qui, a son tour, renforce les dommages
par érosion hydro-abrasive. Ceci est particulierement important pour les turbines Francis
et Pelton de haute chute, étant donné que les vitesses d’écoulement y sont trés élevées et
gue ces turbines présentent des surfaces hydrauliques lisses afin de maintenir les
turbulences a un niveau réduit.

Ne pas faire fonctionner la turbine lorsque le dommage par érosion hydro-abrasive
menace la sécurité de fonctionnement. La progression du dommage par érosion hydro-
abrasive aboutit au fait que la turbine peut éventuellement devenir peu sire a exploiter.
Cette situation peut arriver, par exemple, lorsque, suite a une augmentation importante du
débit d’équilibrage, la poussée axiale dépasse les limites admissibles ou que I'épaisseur
résiduelle de matériau de certaines composantes se retrouve en dessous de I'épaisseur
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minimum acceptable. Il convient d'inspecter les composantes critiques de facon réguliere,
a savoir au moins une fois par an, et de comparer les résultats obtenus aux critéres
d'acceptabilité prédéfinis et aux résultats de la derniére inspection et des inspections
précédentes.

Pour les turbines Pelton, le meilleur rapport «électricité produite / usure par érosion hydro-
abrasive» est obtenu a ouverture maximale d'un ou de plusieurs injecteurs. Contrairement
aux autres types de turbine, ces turbines, si leur conception mécanique le permet,
permettent de réduire I'érosion hydro-abrasive en fonctionnant a charge partielle, en
fermant complétement certains injecteurs.

Pour les turbines Pelton, les débits de fuite au travers des injecteurs en position fermée
peuvent causer une érosion hydro-abrasive locale sévéere des becs de buse. La fermeture
de| la vanne sphérique amont lors des périodes d’arrét évite ce probléeme. Dars des
conpditions séveres, il peut étre favorable d'éviter de fonctionner avec un nombre [réduit
d’injecteurs alors que les autres sont fermés (restriction de fonctionnement-a ¢harge
partielle).

Pour les autres types de turbine, le meilleur rapport «électricité produite / usufe par
érgsion hydro-abrasive» est obtenu a Il'ouverture maximale. Eviterpdans la mesyre du
popsible un fonctionnement en marche a vide ou a faible charge-'\Le fonctionnemegnt en
m4drche a vide et le fonctionnement a faible charge sont les conditions de fonctionnement
le§ plus défavorables du point de vue de I'érosion hydro-abrasive pour la plupart des
composantes et des types de turbine.

Paur les turbines Francis, lors des phases d’'arrét et lersque le débit d’eau est [coupé
unjguement par les directrices, les fuites d'eau aw niveau des jeux de directrides se
produisent & une vitesse trés élevée, proche de lasvitesse d'un jet libre. Ceci généfe une
érgsion hydro-abrasive des directrices. La ferfmeture de la vanne de garde permet
d'gliminer cette érosion hydro-abrasive. Cette\ fermeture de la vanne de garde est
pafticulierement importante dans le cas des ttithines de haute chute.

Lep revétements durs sont trés sensibles‘@-la cavitation. Ainsi, dans le cas des maghines
comportant ce type de revétement, il convient que toutes les conditions d'exploitatipn qui
gépérent de la cavitation soient évitées:

— | respecter strictement la plage-de fonctionnement recommandée pour la turbine;

— | turbines Pelton: Vérifier lelbon état de la surface intérieure de l'injecteur, y compris
celui de l'aiguille et du,siege, et s'assurer de leur alignement correct.

Se reporter également au_commentaire de I'Article 7 pour ce qui concerne les exigences

relativies a la cavitation

5.2

5.3

Piéces de rechange et inspections périodiques
Disposer de\pieces de rechange supplémentaires en stock pour les composantes Joumis
a |'érosion-hydro-abrasive. En cas de forte érosion hydro-abrasive, un jeu compllet de
pigces( de rechange (par exemple directrices, plaques d'usure, flasques supérigur et

infexieur et roue) peut étre stocké et remplacé a intervalles réguliers. Les pieces
déMmontées peuvent ENSUIte e TEeparees sans mifuer sur timdisponibitité mactiimne:

Inspecter les composantes critiques au moins une fois par an et comparer les résultats
d'inspection aux critéeres d'acceptabilité prédéfinis et aux résultats de la derniére
inspection et des inspections précédentes. Tenir des enregistrements appropriés du
niveau de dommage par érosion hydro-abrasive pour chaque composante. Il est
recommandé de mesurer et d'enregistrer la profondeur de perte de métal maximale, ainsi
que de prendre des photographies de chaque composante soumise a un dommage par
érosion hydro-abrasive. Voir également I'Annexe B.

Echantillonnage et contr6le en continu des particules

Il est important de conserver des enregistrements permanents de la concentration et des
propriétés des particules abrasives présentes dans I'eau. Des échantillons d'eau peuvent étre
prélevés a des intervalles prédéterminés et analysés en laboratoire. De plus, il existe
aujourd'hui plusieurs types d'appareils permettant de contrdler la concentration des particules
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