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used in electrical technology, )IEC 60417: Graphical symbols for use on equipment.
Index, survey and compilation’ of the single sheets and IEC 60617: Graphical symbols
for diagrams.

IEC publications prepared by the same technical committee

The attention of readers is drawn to the end pages of this publication which list the
IEC publications issued by the technical committee which has prepared the present
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* See web site address on title page.
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1) Thg IEC (International Electrotechnical Commission) is a worldwide organization for standardization con

all

intdrnational co-operation on all questions concerning standardization in the electrical and electronic fig
thid end and in addition to other activities, the IEC publishes International Standards. Their prepar
entfusted to technical committees; any IEC National Committee interested in the ‘subject dealt wi
parficipate in this preparatory work. International, governmental and non-governmental organizations
with the IEC also participate in this preparation. The IEC collaborates closely with.the International Orga
for | Standardization (ISO) in accordance with conditions determined, ~by "agreement between t
orgpnizations.

2) Thq formal decisions or agreements of the IEC on technical matters ‘express, as nearly as possi
intdrnational consensus of opinion on the relevant subjects since eaCh*technical committee has represq
from all interested National Committees.

3) Thg documents produced have the form of recommendationsAgr international use and are published in t
dqtandards, technical reports or guides and they are accepted by the National Committees in that sensel.

of
4) In

Stapdards transparently to the maximum extent pessible in their national and regional standard
divérgence between the |IEC Standard and the cerresponding national or regional standard shall be
ind{cated in the latter.

5) Thg IEC provides no marking procedure to.indicate its approval and cannot be rendered responsible
egyipment declared to be in conformity with_ane of its standards.

6) Attention is drawn to the possibility thatc<some of the elements of this International Standard may be the

of

The
exce

repori of one of the following types:

« type 1, when the‘required support cannot be obtained for the publication of an Interna
Standard, despite repeated efforts;

« type 2, when‘the subject is still under technical development or where for any other r
there is—the future but no immediate possibility of an agreement on an Interng
Stpndard,

pe 3 _when a technical committee has collected data of a different kind from that which is

) ty

n
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES —

TENDERING DOCUMENTS -

Part 3: Guidelines for technical specifications
for Pelton turbines

FOREWORD

national electrotechnical committees (IEC National Committees). The object of the~{EC is to

brder to promote international unification, IEC National' Committees undertake to apply IEC Inter

fatent rights. The IEC shall not be\held responsible for identifying any or all such patent rights.

main task of IEC technpical committees is to prepare International Standard
gtional circumstances, a technical committee may propose the publication of a tec

prising
romote
lds. To
htion is
h may
liaising
ization
e two

ble, an
ntation

he form

ational
s. Any
clearly

for any

subject

s. In
hnical

itional

pason
itional

ormally published as an International Standard, for example "state of the art".

Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of
type 3 do not necessarily have to be reviewed until the data they provide are considered to be
no longer valid or useful.

IEC 61366-3, which is a technical report of type 3, has been prepared by IEC technical
committee 4: Hydraulic turbines.
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The text of this technical report is based on the following documents:

Committee draft Report on voting

4/110/CDV 4/122/RCV

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

Technical Report IEC 61366-3 is one of a series which deals with Tendering documents for
hydraulic turbines, storage pumps and pump-turbines. The series consists of seven parts:

Part 1:
Part 2:
Part 3:
Part 4:
Part §:
Part §:
Part 7:

Parts

General and annexes (IEC 61366-1)

Guidelines for technical specification for Francis turbines (IEC 61366-2)
Guidelines for technical specification for Pelton turbines (IEC 61366-3)

Guidelines for technical specification for Kaplan and propeller turbineS~(+tEC 61366
Guidelines for technical specification for tubular turbines (IEC 61366-5)
Guidelines for technical specification for pump-turbines (IEC 61366-6)

Guidelines for technical specification for storage pumps (IEC 61366-7)

2 to 7 are "stand-alone" publications which when used withPart 1 contain guideline

specific machine type (i.e. Parts 1 and 4 represent the combined guide for Kapla

prope
docun
of ea

ler turbines). A summary of the proposed contents for a typical set of Ten
nents is given in the following table 1 and annex<A,/Table 1 summarizes the arrang
h part of this guide and serves as a reference“for the various chapters and secti

the Tendering documents (see 3.2 of this part).

A bilin

gual edition of this technical report may'be issued at a later date.

4)

5 for a
n and
Hering
bment
bns of
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HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES —

TENDERING DOCUMENTS -

Part 3: Guidelines for technical specifications
for Pelton turbines

0 Introduction to technical specifications

The fnain purpose of the technical specifications is to describe the specific tec
requirements for the hydraulic machine for which the Tendering documents (TD). (are
issuedl. To achieve clarity and to avoid confusion in contract administration, the“Em

shoul@l not specify anything in the technical specifications which is of importanee only
preparation of the tender. Such information and instructions should be given only
Instructions to Tenderers (ITT). Accordingly, the ITT may refer to other chapters and se
the Tendering documents but not vice versa. As a general rule the word Tenderer" sho
confiled in use only to TD chapter 1 "Tendering requirements”;"Jelsewhere the
"Contfactor" should be used.

Specipl attention should be given to items of a project specific nature such as mat
protegtive coating systems, mechanical piping systems, electrical systems and instrumen
It is cpmmon for the Employer to use technical standards, for such items which would af
all contracts for a particular project or projects. In thiss event, detailed technical stan
shoul@ be specified in TD chapter 5 "General requirements".

Technical specifications for the various types of hydraulic machines included in this guic
provided in the following parts:

The duidelines forpreparation of Pelton turbine specifications include technical specific
for the following:

Friancis turbines (Part 2);

Pe¢lton turbines (Part 3);

Priopeller and Kaplan turbines, (Part 4);
Tdbular turbines (Part 5);
Pymp-turbines (Part 6);

Stprage pumps (Part\7).

Design conditions: Project arrangement, hydraulic conditions, specified conditions, m
oderation, generator characteristics, synchronous condenser characteristics, tra
bghaviour data, stability of the system, noise, vibration, pressure fluctuations and
requirenments.

hnical
being
bloyer
o the
n the
ctions
Ild be
term

erials,
ation.
ply to
dards

e are

ations

bde of
hsient
safety

Technical performance and other guarantees:

power;
discharge (if required);
efficiency;

maximum momentary pressure;
minimum momentary pressure;
maximum momentary overspeed;

maximum steady-state runaway speed;


https://iecnorm.com/api/?name=b75cf6c419425fb25d1fe07b8db6a6d3

-8- 61366-3 © IEC:1998(E)

cavitation pitting;
hydraulic thrust;
maximum weights and dimensions for transportation, erection and maintenance.

— Mechanical design criteria: design standards, stresses and deflections and special design

co

nsiderations (earthquake acceleration, etc.).

— Design documentation: Contractor’s input needed for the Employer's design, Contractor's
drawings and data, Contractor's review of the Employer's design and technical reports by
Contractor.

— Materials and construction: material selection and standards, quality assurance procedures,

S

op methods, corrosion protection and painting

— SH

ce
— Fi
— St

hd
— In
de
pi

— Rotating parts, bearings and seals: runner, main shaft,Sguide bearing with oil s

Oi

— TH
ro
bg

- M
pi
— Al

tu
re

— In
— SF
- M
— Si
- Fi
A_n ex
given

contrd
in the|

op inspection and testing: general requirements and reports, material tesid
rtificates, dimensional checks, shop assembly and tests.

Ked/embedded components: manifold for multi-jet turbines and turbine housSing.

ationary/removable components: branch pipe for horizontal turbines, upper t
using (if not embedded), turbine cover, brake jet assembly).

ector and deflector systems: nozzles, needles, needle servomatots, deflectors or
flectors, deflector servomotors, links, needle-deflector combiging mechanism a
Ding.

water cooler, shaft seal.

rust bearing (when part of the hydraulic machine Supply): bearing support, thrust
ating ring, thrust bearing pads and pivots, oil sump with oil supply (common with
aring, if any), oil/water coolers, instrumentation.

scellaneous components: walkways, lifting*fixtures, special tools, standard tools, t
hoist, nameplate, runner inspection platferm (if required).

xiliary systems: bearing lubrication system (if required), tailwater air admission sy
bine pit drainage (if required),. turbine housing ventilation, tailwater depressi
uired).

Strumentation: controls, indication and protection.
are parts: basic spare parts’

bdel acceptance tests: test requirements.

e installation and-Commissioning tests: Installation procedures and commissioning 1

ample of the proposed table of contents for Tendering documents for a Francis turk

| system, or high-pressure side valves which, at the Employer’s option, may be ing
Tendering documents for the Pelton turbine or may be specified in separate Ten

docun

b|ld acceptance(tests: scope of field tests, reports and inspection of cavitation pitting|

and

irbine

cut-in
nd oil

upply,

block,
guide

irbine

stem,
on  (if

ests.

ine is

in annex A'of IEC 61366-1. The example does not include technical specifications for the

luded
Hering

hents.

Chapter 6 (technical specifications) of the Tendering documents should be arranged as follows:

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

Technical requirements;

Technical specifications for fixed/embedded components;

Technical specifications for stationary/removable components;

Technical specifications for deflector/cut-in deflector regulating apparatus;
Technical specifications for rotating parts, guide bearings and seals;
Technical specifications for thrust bearing;

Technical specifications for miscellaneous components;

Technical specifications for auxiliary systems;

Technical specifications for instrumentation;
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6.10 Spare parts;

6.11 Model acceptance tests;

6.12 Site installation and commissioning tests;
6.13 Field acceptance tests.

1 Scope

This Technical Report, referred to herein as “Guide”, is intended to assist in the preparation of
Tendering documents and Tendering proposals and in the evaluation of tenders for hydraulic
machines. This part of IEC 61366 provides guidelines for Pelton turbines.

2 Reaference documents

IEC 6D041:1992, Field acceptance tests to determine the hydraulic performance of hydraulic
turbines, storage pumps and pump-turbines

IEC 6D193:1965, International code for model acceptance tests of hydradlic turbines

IEC 6DP308:1970, International code for testing of speed governing systems for hydraulic
turbines

IEC 6D545:1976, Guide for commissioning, operation an majntenance of hydraulic turbinels

IEC 6P609-2:1997, Cavitation pitting evaluation in Rydraulic turbines, storage pumpg and
pumptturbines — Part 2: Evaluation in Pelton turbines

IEC 6D994:1991, Guide for field measurement.-of vibrations and pulsations in hydraulic
machijnes (turbines, storage pumps and pump-turbines)

IEC 60995:1991, Determination of the prototype performance from model acceptance tgsts of
hydraplic machines with consideration ofscale effects

IEC 6[L1362,0 Guide to specification ef hydro-turbine control systems 1)

ISO 3|740:1980, Acoustics — Determination of sound power levels of noise sources — Guidelines
for the¢ use of basic standards and for the propagation of noise test codes

3 Tdchnical requirements

3.1 $cope ofwork

This $ubclapise should describe the scope of work and the responsibilities which are|to be
confefréd ,upon the Contractor. The general statement of scope of work presented in |[TD 2)

SeCti N2 1 (C 1\ chall hn ~ancictant vanth ywhat 1o nracantnd hara 1 A cimalar maaninAy N Ay items
: L~ \\J-J.l SGTTURIT VO \JUIIJI:JL\'IIL VVILTT VWITQAU TO '.II\:J\:IIL\;\..I moere. 11T ™ JIII'IIIMI III(..A.IIII\al, Pu._y

in the tender form, TD section 1.2 (subclause 4.2) should be defined directly from TD
subsection 6.1.1.

The scope of work should begin with a general statement which outlines the various elements
of the work including (where applicable) the design, model testing, supply of materials and
labour, fabrication, machining, quality assurance, quality control, shop assembly, shop testing,
spare parts, transportation to site, site installation, commissioning, acceptance testing,
warranty and other services specified or required for the items of work. The general statement
should be followed by a specific and detailed list of the major items which the Employer wishes
to have as separate payment items in the tender form, for example:

1) To be published.
2) All references to Tendering documents (TD) apply to annex A of IEC 61366-1.
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Iltem Description

1 Two (2) vertical shaft Pelton type hydraulic turbines each with a specified power of not
less than 180 000 kW under a specified specific hydraulic energy of 11 500 J/kg
(specified head of 1 172 m);

2 Turbine model testing;

3 Tools, slings and handling devices required for maintenance of the turbines;

4 Transportation and delivery to site;

5 Site installation, commissioning, and acceptance testing of the turbines;

6 Preparation and submission of operation and maintenance manual and trainingd of
Empioyers operating and TraiTtenance staff i the optimumnT use of these Tmanuats; an

7 Spare parts required for operation and maintenance.

3.2 limits of the contract

This gubclause, making reference to Employer's drawings and data, shouldydescribe the|limits
of the[contract considering the following:
— ddtails of the design and supply limits of the high and low-pressure*sides of the machipe;

— dgqtails, location, and responsibility for field connection of manifold/branch pipe to penpstock
or|valve on high-pressure side;

— dgtails and location of the downstream termination ‘of the turbine housing (incjuding
ingpection platform, if required);

— ddtails and location of gate(s) on low-pressure side (if required);
— or|entation and location of turbine/generator shaft flange interface;

— repponsibility for supply and installation~of flange coupling bolts, nuts and guafds at
ggnerator/turbine coupling, including drilling jig;

— repponsibility for supply and installation of bolts, nuts, gaskets at piping terminations;
— tefmination of governor piping;

— tefmination of manifold dewatering piping;

— tefmination of manifold orbranch pipe air exhaust piping (if any);

— tefmination of pit drainage piping (if required);

— tefmination of bearing lubricating oil piping (if required);

— tefmination of shaft seal piping (if specified);

— tefmination.©f-cooling water piping for bearings;

— tufbine mounted thrust bearing (if desired);

— tefmination points and junction boxes for wiring for power, control, indication, protgction,
arldlighting:

— compressed air for service and other functions.

NOTE - Contract limits will change if other major items of equipment (such as hydro-turbine control systems,
valves, gates, generators, excitation systems, control metering and relaying systems, switchgear, and power
transformers) are included with the hydraulic machine in a common set of Tendering documents.

3.3 Supply by Employer

This subclause should be complementary to 5.6 of IEC 61366-1 (TD section 2.6) and should
list the items and services which will be the responsibility of the Employer. The following items
should be considered:

— services during site installation and testing;

— temporary enclosures for site storage of turbine parts or for erection;


https://iecnorm.com/api/?name=b75cf6c419425fb25d1fe07b8db6a6d3

61366-3 © IEC:1998(E) -11 -

— external lubricating oil storage, distribution, and purification systems;

— lubricants, bearing and governor oil to the Contractor's specifications.

It shopuld be stated that any materials or services required for installatiop.and commission
the units, and not specifically mentioned in the above list of the Employer supplied item
serviges are to be provided by the Contractor under contract.

3.4 [Design conditions

3.4.1 | Project arrangement

The project arrangement should contain the Empleyer's detailed description togethe
gener
and h
etc. T
"Proje
physi

In any
on w
partic
betwe

3.4.2

This 9
operate the completed facility such as:

installation in primary concrete of small items provided by the Contractor, such as anchors,
sole plates, and piping;

concrete for embedment of turbine components-supply, placement and controls, including
monitoring and verification during and after concrete placement by others;

grout injection, if required, either within or around turbine components;

powerhouse crane and operator;

connections to powerhouse air, oil and water piping systems;

Su

pply of filtered water for turbine shaft seal (if by Employer);

electrical wiring and hardware external to specified termination points;

elgéctric motor starters and controls;
cagntrol, annunciation and protection systems external to specified termination paints;

ra
sP

al arrangement drawings (by the Employer) ofithe powerhouse and waterways at th
igh-pressure sides including channels, galleries, penstocks, surge tanks, gates, V
he description should be an extension ef’the applicable data provided in TD cha
ct information". The data shall be sufficiently clear so that the Contractor is aw
al conditions which may influence its-detailed design.

event, the Employer should «tetain responsibility for specifying values of all paran

Llarly to the correct inlethand outlet conditions and in co-ordination of the inter
en the hydraulic machine’and the waterways.

Hydraulic conditions

ubclause should present the hydraulic conditions under which the Employer propo

nge ofispecific hydraulic energy (head) of the plant;
ecific hydraulic energy losses between headwater level and high-pressure refg

ing of
s and

I with
e low
alves,
pter 2
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heters

hich guarantees are basedy-as part of the overall design of the plant. This applies

action

5es to

rence

S€

ctinn aftha machin~ (L A
oo o treT it e (= 3-1T

specific hydraulic energy (head) of the machine (see subclause 2.5);

headwater levels, maximum, minimum and normal and when no water is flowing;

tailwater levels, maximum, minimum and normal, and when no water is flowing;

tailwater level as a function of discharge;

power or discharge values in the range of specific hydraulic energy (head);

maximum specific hydraulic energy (head) for runaway speed guarantee;

range of water temperatures;

water quality analysis (chemical, corrosive nature, biological, and suspended solids);

range of ambient (interior and exterior) temperatures and humidity (tropical environment or
extreme cold needs to be clearly defined).
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3.4.3 Specified conditions

a) Modes of operation: As an extension to TD section 2.5, the Employer should provide
sufficient data to enable the Contractor to understand the Employer's intended mode(s) of
operation, e.g. base load or peaking. Data should include, wherever possible, the
anticipated number of start-stops per year and the capacity factor of the plant. Special
operating uses shall also be clearly identified such as synchronous condenser, spinning
reserve, isolated and black start operations and requirements, waterway/penstock draining-
through turbine.

b) Power (P), Specific Hydraulic Energy (E) [Head (H)], and Discharge (Q): The specified

specific hydraulic energy (head) and discharge of the machine are determined from an

albcic of ovaalabhla dicocaharan ool Hie bhudeaibie anaron: (bhaoaad) of +thn nlant ~nd hy o |
a.ruu_yula OoTovamaioTC T OTSTTar gt S P T TTT ||_yu|uu.4||\.- CTHCTgy (rrcao)— o e gt arto ||_y\.ra.u IC

logses external to the machine with respect to statistical duration (refer to 2.3 te)R.6 of
IEC 61366-1). The relevant power can be established from a predetermined\value of
efficiency.

If the range of specific hydraulic energy (head) is wide, more than one specified value|for E,
Qland P may need to be selected to define the operational range of the /machine.

In[the case of an unregulated turbine and if there are any limitations @n“maximum disgharge
at|any specific hydraulic energy (head), the Employer shall provide adequate data jn the
tegchnical specifications to enable the Contractor to optimize turbine design while respgcting
these limitations.

c) Speed: The choice of speed of the unit has an impact ‘'en”turbine, generator costs and
pdwerhouse costs. The choice of speed may be influenced by strength considerations.
Re¢duced turbine efficiency and cavitation may be introduced by increasing speed beyond a
cgrtain limit.

Infmost cases, the project schedule dictates ansearly decision with respect to speed. Under
such conditions, discussions should be heéld” with potential suppliers of turbines and
ggnerators to fix a preferred speed; alternative proposals may be invited in the ITT.

d) Direction of rotation: The direction of _rotation of the turbine is dictated by the opfimum
orlentation of the manifold pipe with.respect to intake, penstock and powerhouse cost$. The
difection should be specified clockwise or counter-clockwise looking from the genjerator
toward the turbine.

3.4.4 | Generator characteristics

The gpecifications should:state the principal characteristics of the generators to whigh the
turbirIs will be coupled, for example:

— cdpacity (kVA);
— pqwer factot;
— frequeney*(normal and exceptional range);

— ingrtia or flywheel effect of generator;

— preferred speed (If established);
— preferred bearing arrangement (if established);
— approximate diameter of rotor (if available).

3.4.5 Transient behaviour data

The Employer should, during preliminary design phase of the project and prior to turbine
selection, determine the various factors relating to power acceptance and power rejection by
the turbine. These factors may include:

— acceptable variation in electrical system frequency;

— inertia of the rotating parts or mechanical starting time;

— details of high-pressure conduit for the turbine, including surge tank, if used;
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— water starting time;

— velocity of pressure wave (sound velocity in the water passages);

— turbine needle opening and closing times;

— high-pressure side valve/gate opening and closing time;

— transient pressure variations in the turbine manifold/branch pipe and penstock;
— transient water level variations in the turbine housing;

— pressure fluctuations at high-pressure side of turbine.

Transient data established by the Employer should be provided and those data which require
verifiqatton—by-the—Contractor—shoutd—be—specified—Otherdatarot—specified—by—the—Employer
may have to be established by the Contractor. (Refer to guarantees in subclauses 3:5[ and

3.5.6)|

The hydro-turbine control system should be specified in accordance with IEC 61362. The
perfojmance of the hydro-turbine control system should be specified in accordance to
IEC 6P308. The Employer should furnish the information necessary to predict pdssible
nce in the water passages of the power plant and in the unit> Admissible limits nmfay be
specified for fluctuation of turbine shaft torque.

3.4.7 | Noise

Noise| level limits may be legislated by national or lggal' statutes. Noise abatement megdsures
may he the combined responsibility of the Employer and the Contractor. Reference should be
made| by the Employer to ISO 3740 together «with other standards, statutes or guides to
establish noise level measurement and acceptance criteria. The limits and the means by |which
they dan be achieved should be specified in TD*subsection 6.1.4.7.

NOTE t The Employer should be aware that any additional protection to reduce noise level may have a subptantial
effect gn the cost of the machine.

3.4.8 | Vibration

The specifications should require that the machine operates through its full range of specified
conditions without vibration which would be detrimental to its service life. Reference should be
made| by the Employeryto IEC 60994 together with other standards or guides to establish
defleqtion measurements and acceptance criteria. In any event, limits of vibration mjay be
established for steady-state conditions and for normal transient regimes as criteria fof final
acceptance.

3.4.9 | Sand,erosion considerations

Risk efsand erosion may influence the design and operation of the hydraulic machine In this
event, the technical specifications should indicate the content of suspended solids, their type,
hardness, size and shape. See IEC 61366-1, annex H.

3.4.10 Safety requirements

The Employer should state specific safety requirements which shall be met in the design of the
turbine. These requirements are in addition to the general safety related items outlined in 5.6 of
IEC 61366-1.
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3.5 Technical performance and other guarantees
3.5.1 General

Hydraulic performance guarantees for hydraulic machines are presented in clause 3 of
IEC 60041. The main guarantees to be specified are outlined in IEC 61366-1, annex E and
should be read in conjunction with IEC 60041.

The main steady-state hydraulic performance guarantees (i.e. power, discharge, efficiency and
runaway speed) may be verified by field acceptance tests or by model tests. Guarantees may
be referred directly to the hydraulic performance of the prototype computed from model tests
with allowance for scale effects or to the hydraulic performance of the model (without scale
effectg). Refer to IEC 60193.

The Employer should establish and specify the parameters on which the .performance
guarahtees are to be based. These parameters include plant specific hydraulic_energy |(plant
head)| and energy losses external to the high-pressure reference section of;the maching. The
Emplgyer should retain responsibility for specifying acceptable inlet and outlet conditions |of the
mach|ne and for co-ordinating the study of the interaction between(the machine and the
externpal waterways under transient and steady-state oscillating conditions.

In thqse cases where it is not possible to perform field aceeptance tests under specified
conditions, refer to IEC 60041.

The Hmployer should specify measurement methods andneasurement uncertainties whigch are
contractually applied if different than those established) by relevant IEC publications.

In addition to specifying the guaranteed performance provisions in the technical specification, it
is imgortant that the Employer summarize theseg’provisions in TD subsection 1.1.13 of the ITT.
Also, |it is desirable that the manner in which* Tenderers present and state their performance
guarantees be clearly specified.

The Bmployer should select the apptopriate level and type of performance guarantees fpr the
mach|ne taking into consideration-the intended mode of operation and the importance pf the
machine in the electrical system:

Whern| it is necessary to.include other aspects of the machine under performance guargntees
(such|as stability, noige)‘and vibration). The Employer should include these provisions jat the
end of this clause taking into consideration that available data may not be sufficient baged on
extenfled experience: In any event, conditions under which guarantees are evaluated shall be
specified.

3.5.2 [ Guaranteed power

In speeiyingthe—guaranteeforpower—referto-TD subsection 6143 of Specitied—conditions
(see IEC 61366-1, annex A), and state clearly the basis of the guarantee. It is necessary in this
subclause, to establish the contractual obligations of the Contractor if the guaranteed power is
not met. The method(s) of measurements, method of comparison with guarantees and

application of IEC 60041 shall be defined.

3.5.3 Guaranteed minimum discharge

It is normally not necessary to specify a particularly low, continuous and stable discharge
guarantee for Pelton turbines. This may, however, be considered in cases of sand erosion. the
Employer should indicate the expected duration of operation and any special discharge
conditions. The method of measurement should be specified.
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3.5.4 Guaranteed efficiency
The Employer shall establish and specify:

a) Basis of guarantee; model or prototype.
b) Method proposed to measure guaranteed efficiency
— by field acceptance tests of one or more prototype turbines (see IEC 60041),

— by model acceptance tests in the Contractor's laboratory or in another laboratory
acceptable to both parties using test results with a mutually agreed step-up formula
(see IEC 60193).

c) Effietercy—wetghting—formtia—to—attow-the—Tenderertooptimtzetheguaranteed——effictency in
the normal operating range of the turbine with respect to both power and specific-hydraulic
energy (head) while taking into consideration the value specified by the Employer’for gain
or[loss in efficiency.

d) Applicable codes (see 2.1 of this guide).

e) Measurement methods and preliminary estimated measurement  Uncertainties {o be
cantractually applied if different than those established by relevant IEC publications.

f) Contractual consequences, if any, of the Contractor's failure“do fulfil the guargnteed
efficiency or of the Contractor exceeding its guaranteed efficiency (penalty or premiun).

The technical data sheets (IEC 61366-1, annex D) of the tendérforms should provide spdce for
Tendgrers to record the guaranteed weighted efficiency.

In large multi-unit projects which justify the expense)the Employer may choose to prefselect
two of more competing Tenderers for the performance’ of turbine model tests at the Employer's
exper|se. In this event, results of the model testsitcan be used in the final award of the cgntract
to the|successful Tenderer.

3.5.5 [ Guaranteed maximum/minimum momentary pressure

It is psual for the Contractor to_guarantee momentary pressure even when there |[is no
contrgctual responsibility for complete design of the plant. (Refer to annex E, E.2.6). The
Contractor should be required to calculate and guarantee the maximum momentary prgssure
under|load rejection from specified conditions (specified power and specified specific hydraulic
energly) and under the most unfavourable transient conditions established by the Employer.
Howeyer, the Employer_shall specify all relevant data because of the involvement and influence
of the| electrical generator, speed regulator, and waterway system in the transient phenomenon
(see 3.4.5).

3.5.6 [ Guaranteed maximum momentary overspeed

The maximum momentary overspeed is the overspeed attained under the most unfavoprable
transipnt(eonditions. Under certain conditions, it may exceed maximum steady-state ruhaway
speed. T1ne TITaXITITaT MOMeTary OVverspeeda snould b€ guarareea oy COontractor. Aowever,
the Employer shall specify all relevant data because of the involvement and influence of the
electrical generator, speed regulator, and waterway system in the transient phenomenon
(see 3.4.5).

3.5.7 Guaranteed maximum steady-state runaway speed

The specifications should require that the Contractor guarantee the maximum steady-state
runaway speed under the worst combination of conditions established by the Employer, for
example, maximum specific hydraulic energy (head) and physical maximum needle opening on
the turbine and the worst combination of nozzles in operation. Taking into consideration
powerhouse arrangement, number and type of independent shut-off devices, local or remote
control and type of control and protection systems, the specifications should state the duration
for which the unit shall be capable of functioning at maximum steady-state runaway speed. The
duration may vary from a few minutes to several hours at this speed, but the design of the plant
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should keep this duration to a minimum. The guarantee should be stated in the technical data
sheets submitted by Tenderers.

NOTE - It is recommended not to specify or to conduct steady-state runaway speed tests at site. If it is mutually
agreed to conduct such tests, they should be performed at reduced specific hydraulic energy (head); refer to
IEC 60041. The purpose of this precaution is to reduce the physical stresses on the civil structures and the
generating unit (particularly the electrical machinery). The value of maximum steady-state runaway speed could be
verified by model tests (if wanted).

3.5.8 Cavitation pitting guarantees

Severe cavitation pitting creates three major problems for Pelton turbines; high cost of pitting
repairs, loss in revenue caused by outages and potential decrease in efficiency. With careful
plannjng by both the Employer and Contractor the impacts o1 severe piting can be. greatly
reducged. Cavitation pitting in Pelton turbines is defined in IEC 60609-2.

The tpndency to cavitation pitting damage may become greater by increasing-the hydraulic
energly of the machine, by decreasing the number of buckets (under a_ @ertain limit), by
incregsing nozzle and bucket roughness, by increasing bucket entrance sizéJor by decregasing
the digtance from tailwater. The turbine designer is sometimes required tosxreach a comprpmise
betwegen low cavitation pitting damage and the Employer's need for higher efficiency and low
equipment price. Factors to be considered when specifying cavitation pitting guarantegs are
outlingd in IEC 60609-2.

3.5.9 [ Guaranteed hydraulic thrust (optional)

It is npt normal to specify a guarantee for hydraulic thrustfor a Pelton turbine.

3.5.10 Guaranteed maximum weights and dimensions

In some cases, the Employer may need to establish and fix without subsequent change, dertain
features of the turbine to be incorporated in\the design of the project. These features sholld be
specified in this subclause and may include; for example, such items as inlet valve size, trbine
runnef and shaft weights and maximum component dimensions and/or weightg (for
transportation and project handling restrictions), etc.

3.5.11 Other technical guarantées

This qubclause may coverother technical guarantees such as vibration 1), noise 2), fluctuptions
of prgssure and power-and behaviour of protective coatings. If guaranteed limits for viQjration
are specified by the Employer or agreed upon by the parties to the contract, reference ghould
be mgde to IEC 60994, which gives guidelines for measurement procedures.

The Hmployermay specify a guarantee to cover an emergency shut-down of the turbine without
cooling and/ar lubrication in the bearings.

36 ?V'Icuhalliba: dCDiUII bl;tclia
3.6.1 Design standards

This subclause should list the appropriate standards and codes which the Employer wishes to
apply directly to the design of the turbine equipment.

3.6.2 Stresses and deflections

The Contractor should be required to adopt design methods and practices in regard to
allowable stresses and deflections to ensure an extended service life from the turbine with

1) Refer to 3.4.8.
2) Refer to 3.4.7.
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reasonable care and maintenance. The correlation of allowable stresses to the following load
conditions shall be specified for:

— normal load conditions;

— extraordinary load conditions; and

— load case for emergency conditions (including earthquake acceleration).

The Employer should indicate the anticipated service life. Whenever the Contractor proposes

to deviate from its conventional successful practice, it should be obliged to justify such
deviation in advance to the Employer.

3.6.3 [ Special design considerations

The technical specifications should describe clearly the particular criteria and requirements
relating to operation, reliability and maintainability (for erection, dismantling and:maintepance
of thg main components). Any general statement in this subsection should;be” expanded, if
necegsary, under the headings of the particular components concerned.

The Qontractors for the turbine and generator equipment should, asa part of their respective
contrdct, be required to carry out design of the dynamic behaviour<of.the combined genjerator
and tdrbine with respect to critical speed calculations and shaft system alignment criterig. The
two {ontractors should be obliged to participate in the analysis and mutual agreemgnt for
resolytion of any problems which may arise in this regard.

3.7 [Design documentation
3.7.1 | General

The Tendering documents should provide a,.géeneral statement on the manner in whigh the
Contractor's design documentation will be submitted for review. It shall be recognisef that
design responsibilities which are assigned* to the Contractor by the Employer shall remain
undetr|the Contractor's direct control. The-provisions of TD subsection 6.1.7 shall be congistent
with those given in TD section 5.2 of the technical documents.

3.7.2 | Data for Employer's design

The BEmployer should outline data to be submitted by the Contractor relating to desigh and
layouq of the turbine. Pata should include such items as embedded component weighfs and
dimerfsions, loads to~be’/transferred to the structure, water passage dimensions (i.e. manifold
and tyrbine housing), size and location of anchor bolts, dimensions of first stage concrete| voids
for su%bsequent installation of embedded components, weights and dimensions of heaviest and

largegt components to determine crane capacity and lift height requirements when not
specified by-the Employer (see 3.5.10), details of lifting devices handled by crane, eleftrical
intercpnpections, governor system connections, generator coupling data, etc.

3.7.3 Requirements for Contractor's drawings, technical calculations and data

Requirements for the Contractor's drawings, technical calculations and data should be
described so that the Contractor is fully aware of information to be submitted. Associated with
this is the need for the Employer to specify a predetermined number of design meetings with
the Contractor to expedite necessary action items. The extent of review intended by the
Employer should be defined. The Contractor is normally responsible for design of the turbine
and the Employer's review should only be to the extent that the product conforms with the
requirements of the technical specifications in particular, and the contract documents in
general.

3.7.4 Contractor's review of Employer's design

A number of items in the design of the turbine have an impact on the design of the
powerhouse. The Employer should outline the requirements for review by the Contractor of the
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Employer's design. This could include a review of substructure construction drawings showing
the turbine anchor bolt installation and other details which influence the turbine layout.

3.7.5

Technical reports by Contractor

The Employer should specify submittal requirements for the Contractor's technical reports.
These reports could include model tests, dynamic behaviour of turbine/generator, installation
procedures, commissioning and acceptance test procedures and similar items.

3.8 Materials and construction

3.8.1

Care

are consistent and do not conflict with the general requirements specified in TD .section
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shall be taken that specifications for materials and construction in TD subsegtion

als and workmanship. A number of items included in TD, 6.1.8 could be spécified
n 5.4 but this is left to the Employer's preference.

uld be stated that it is not the intent of the Employer, in its specifications, to dictat
rbine should be constructed but rather to provide sufficient data for the Contrag
ish the class of equipment for which the Employer is willing to pay. The Contractor

hum benefit of the Contractor's experience. The basis“of such alternatives sh
bd and documented.

Material selection and standards

hployer for acceptance.
ecification should be limited, where-possible, to generic types of materials to lea

here national material standards are specified, demonstrated equivalents shol
cepted.

y change of material (dyring the contract period shall be subject to approval |
hployer.

Quality assurance procedures

nimum quality requirements should be specified preferably with reference to interna
national standards and should not conflict with the general requirements specified
ction.5:5.

pquired documentation attesting quality checks shall be established.

6.1.8
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e how
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rmitted to offer alternatives to the minimum specified requirements thereby offering the
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materials shall be new and suited for thelintended purpose as demonstrated by the
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— Material test certificates Including certificates for material of doubtful quality or origin shall
be established.

- Pr

ocedures for repair of defects shall be established.

— Need for the Employer's withess and notice in advance of same.

3.8.4

Shop methods and personnel

— Shop methods and routing information should be divulged to the Empl
representative(s) to the extent necessary to permit evaluation of same and to schedule
attendance at important verifications in the manufacturing sequence.

oyer's

— The Contractor should be required to demonstrate upon request, that the qualifications of
its staff and workers for specific tasks such as welding are adequate for the class of work
being done.
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3.8.5 Corrosion protection and painting

— Minimum general grade of corrosion protection should be specified and it should be
consistent with the environment to which the turbine components will be subjected, both
atmospheric and hydraulic.

— International or national standards may be used to define minimum surface preparation and
painting requirements.

— If a particular paint system is specified, its generic type and number of primer and finish
coats should be given to facilitate the preparation of estimates during the tender period.

— Minimum or maximum dry film thickness for each coat in the specified paint system should

so he aiven
al g

— Mijnimum corrosion protection requirements for machined surfaces, prior tocshipment
should be given along with packaging, transportation and site storage requirements|in TD
sections 5.7 and 5.8.

— If ptandard coating systems are specified by the Employer in TD section-54 of the general
reguirements, only the system code number and colour schedules need-be specified|in the
teghnical specifications with cross reference to TD section 5.7.

3.9 $hop inspection and testing

As with 3.8, some of the requirements set forth in 3.9 could be\spéecified in TD section 5.4. This
is left{to the author of the documents.

3.9.1 [ General requirements and reports

— THhis subclause should make reference to and-be consistent with TD section 5.6 giving the
shop test, inspection and report requirements to be met. Reference should be made |to TD
sdction 5.5 so that reporting standards and record keeping are consistent with the specified
leyel of quality assurance.

— Method for handling non-conformance-cases should be stated.

3.9.2 | Material tests and certificates

— Specifications should require that material, used in the fabrication of major compongnts of
the turbine should be identifiable in the Contractor’s records for the project in terms of type,
grpde and source. Copies of such records for major components should be supplied [to the
Employer's repreSentative upon request.

— Tgsts for physical or chemical properties or other characteristics shall be specifigd for
major compoenents and the results reported to the Employer in writing. The Employer's
representative shall be given the opportunity to withess such tests.

— The Employer may specify the supply of sample material.
- W aterials are purchased ogutside @ shall require, as
a minimum, that certificates be provided for major components at the time of material
shipment, attesting to the type and grade of material being supplied.

— Wherever no specific tests are specified for major components, it shall be assumed that the
tests required by the national standard for a material with the most similar chemical and
physical properties shall apply. This is true for:

e plate and structural steel;
e castings;
e forgings;

« weldments.
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Dimensional checks

— Specifications should require that critical dimensions be checked prior to shipment of the
component to the job site. The nature of the records to be kept from such checks will be
determined by the specified level of quality assurance to be maintained and by the
Contractor's experience regarding the effect of such checks on its ability to assemble erect,

te

st and guarantee the turbine.

— If model acceptance tests are performed, geometric similarity with the model turbine shall
be checked in accordance with IEC 60193.

3.94

Detalil

shop

- re

Shop assembly and tests

Ied specifications of each major component should establish minimum requiremefts for

hssembly and tests. The following factors should be considered:

moteness of project site;

— pdgssibility of shipment of part or all of the turbine fully assembled,;

- th

broughness of dimensional checks;

— nded for hydrostatic pressure test (e.g. injector and deflector systems);

— importance of a possible error in dimensional checks; and

- m

Desig
functi

htch marking to reassemble at site.

bning.

4 Tgchnical specifications for fixed/embedded components

Gene

Claus

al notes

es 4 to 11 inclusive, outline the“technical specifications for major components

mach|ne. These specifications shall outline concisely the Employers' specific tec
requirements and preferences Afor these components. It is suggested that the tec
specifications for major components be arranged using the following headings wh
possille:

— ggneral description;

— ddgsign data;

— ggneral data:

Although thexguide may appear somewhat repetitive in the clauses which follow, it sh

under|

tood that the purpose of the guide is to illustrate preferred and consistent metho

hated auxiliary components and systems shouldsbe tested in the shop for proper

Of the
hnical
hnical
Brever

all be
ds for

specifying’turbine components without presenting detailed specifications. Such details are the

respo

nsIpIlity of the Employer.

As noted in 3.3.1.1 of IEC 61366-1 and to avoid confusion, requests for information from the
Tenderers shall be provided in the instructions to Tenderers and not in the technical
specifications.

Consistent with the foregoing notes, TD section 6.2 should begin with a general description of

the m

The e

ajor embedded components, for example.

mbedded components for the Pelton turbine to be provided shall normally include:

— manifold (for vertical shaft turbines only);

— turbine housing.
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4.1 Manifold

Manifold is a term used for vertical shaft Pelton turbines. A general description of the manifold
and the bifurcation should be given here.

4.1.1

Design data

The Employer's design data should be carefully outlined including such items as:

— number of jets (if specified by the Employer);

— design pressure;

- te
— inf
- cO

- m
ag

4.1.2
The B

- lo
— !0

je
- lo
— de
- te

4.2 1

As wi
descr

421
— 54
- G

4.2.2

5t pressure and location of test (shop or site);
ernal pressure during embedment;
ncrete embedment pour rates and other details;

hterial by generic type or recognized national standards (indicate if alternatives \
cepted);

btective coatings.

General data, connections and auxiliaries
mployer should provide general data which applies to the'manifold such as:

Cation, size and type of turbine inlet connection (spécify tolerances);

Cation, size, and type of all other connections for“peripheral or auxiliary systems
s, cooling water, potable water, service wateryirrigation devices, etc.);

Cation, size and details of access for maintenance/inspection;
tails of all indication and test connections and devices;
mporary and permanent transportation and erection support and handling devices.

urbine housing

h the manifold, the Empleyer should provide similar subsections beginning with a
ption of the turbine housing.

Design data
ed4.1.1.
bnerator stpported by turbine cover and turbine housing (if required).

General data, connections and auxiliaries

vill be

brake

short

— Tolerances on location in plan and elevation (if stated by the Employer).

- Pr

ovisions for concrete placement and grouting.

— Location, size, type and other details of connections (e.g. turbine pit drains
connections, etc.).

- Tr

ansportation and erection support and handling devices.

, test
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5 Technical specifications for stationary/removable components

The Employer should give a general description of the stationary removable components.

5.1 Branch pipe (including intake pipe and nozzle pipe)

The term branch pipe is used for horizontal shaft Pelton turbines. A general description of the
branch pipe should be given.

5.1.1

Design data

- D
- Tg

— Material by generic type or recognised national standards (indicate if altérnatives V

ag

- Nimber of jets (if specified by the Employer).

sign pressure.
st pressure and location of test (shop or site).

cepted).

— Protective coatings.

— Transportation limitations (dimensional and weight).

— Si

5.1.2

The H

e handling limitations (dimensional and weight).

General data, connections and auxiliaries

mployer should provide general data which applies/to the branch pipe such as:

— logation, size and type of turbine inlet connection’(specify tolerances);

— logation, size, and type of all other connections for peripheral or auxiliary systems

je

s, cooling water, potable water, service‘water, irrigation devices, etc.);

— logation, size and details of access foPmaintenance and inspection;

— de6

— temporary and permanent tranéportation and erection support and handling devices.

5.2 |

Short

5.2.1
The H

— fu

tails of all indication and test connections and devices;

pper turbine housing « _(if not embedded)

description of thé upper turbine housing.

Design data
mployéer's’design data should be carefully outlined including such items as:

nctional criteria, dismantling joints, etc.;

vill be

brake

— design pressure (if any);

— material by generic type or recognized national standards (indicate if alternatives will be

ac

cepted);

— protective coatings;

— transportation limitations (dimensional and weight);

— sit

5.2.2

e handling limitations (dimensional and weight).

General data, connections and auxiliaries

— Tolerances on location in plan and elevation (if stated by the Employer).

- Tr

ansportation and erection support and handling devices.

— Details of connections.
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5.3 Turbine cover

The turbine cover for a horizontal shaft Pelton turbine is bolted to the turbine housing.
Dismantling the turbine cover for this type of turbine provides service access to the runner. For
vertical shaft Pelton turbines, the turbine cover may have a separate central cover and a pit
flooring.

5.3.1 Design data

— Comments on preferred arrangement (separate parts).
— Protective coatings.

— Special loading conditions (if any).

— Type of material.

— Preferred pit drainage (if internal pressure in the turbine housing).
— Transportation and site handling limitations.

— Fprces from turbine mounted thrust bearing (if specified).

5.4 Brake jet assembly

Brief gescription of the brake jet assembly.

— Comments on preferred arrangement (if any).
Ndimber of jets (if specified by the Employer).

— Control system (if specified by the Employer).
6 Tdchnical specifications for injector/defle¢tor system

Brief fescription of injector/deflector system. The two systems may be closely related tq each
other [and should be considered together. Mechanical locking devices are not normally|used.
For internal servomotor designs, itlis recommended to evaluate the need for such devices
befor¢ they are specified.

6.1 Ihjector system
Desctjiption of injector (nozzle assembly) and servomotor. Components may include:

— Nozzle:
* [ nozzle body;
¢ | nozzle}
* | nezzle tip ring.

— Needle:
* needle rod;
* needle tip;
* needle servomotor.
— Oil piping.
— Lever-link connection in feed-back system.

6.1.1 Design data

— Comments on preferred arrangement (e.g. number of jets, internal/external servomotor,
etc.).

— Need for operation with reduced number of jets (TD subsection 6.1.4.3).
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Il range of manifold/branch pipe pressures.

— Oil pressure (if specified) or maximum and minimum allowable operating pressure (if

go

vernor supplied separately).

— Opening and closing rates.

- Ot

her requirements regarding operation and maintenance.

— Type of material.

— Preferred hydraulic balance of needle.

6.2 Deflector system

Desc

— deg
— de
— oi
- ng

— nq

NOTE
becaug
and "cu

6.2.1

— Comments on preferred arrangement (e.g. deflector or cut-in deflector).

—- FU
- Oi
— T&

— Cioss-reference TD subsection 6.4.1.1.

7 T8

Desc

7.1 H

Descr

iption of deflector system; components are:

flector or cut-in deflector;

flector servomotor;

piping;

edle-deflector link;

edle-deflector combining mechanism.

- A "cut-in" deflector has, in some cases, been used for regulating turbine power. This is not recomr
e of possible negative effects on efficiency, cavitation and turbinechousing erosion. Both the main d

Design data

Il range of manifold/branch pipe pressures:.
| pressure (as for injectors).
pe of material.

chnical specifications*for rotating parts, guide bearings and seals
iption of rotating ‘parts and preferred method for erection and dismantling.

Runner

iptionsef.runner.

t-in" deflector should be mainly used for preventing water hammer-and steady-state stability problemsg.

hended
pflector

7.1.1

DesSign data

— Minimum material requirements by generic type (weldable, corrosion resistant, erosion
resistant, cavitation resistant). It should be noted that most runners are manufactured from
one piece martensitic/austenitic stainless steel castings; or in some cases by welded
construction.

— Support of runner and shaft during erection and subsequent maintenance.

- St

atic balancing requirements.
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7.1.2

Bucket shape and surface finish

Proper control of bucket shape and surface conditions is an important step in limiting potential
cavitation erosion damage. Proper quality control shall be provided during all phases of
fabrication and manufacture to ensure that the final product is a good representation of the

mode

| runner or hydraulic design.

7.2 Main shaft

Description of shaft.

7.2.1

D H ot
T oyl uata

— Coupling standard, if any.

- M
— Di

hterial type.
stance of main shaft coupling flange(s) from runner centreline.

— Coupling bolt holes, interchangeability requirement.

—  Dd
an

7.2.2

- M
— R¢
- TU
- G
— In
— Lag

fine co-ordination with generator supplier for combined alignment,“dimensional int
d critical speed.

Coupling bolts, nuts and nut guards

hterial type.

bsponsibility for supply and installation, including_ drilling template.
rbine end.

bnerator end.

erchangeability.

cking devices.

— Nuit guards for turbine and generator ends.

7.3 1

- G
- Ad
- M
- L

urbine guide bearing

bneral description fortype and construction.
cess for maintenance.

hterial types.

brication.

— Coolingsehbearing oil.

— Oi

| fill and drain piping.

prface

— O
— Oi
- Oi

circutation.
| level detection for control and annunciation.
| level indication.

— Contamination of oil (test connections).

— Bearing temperature.

— Bearing oil temperature.

7.4 Main shaft seal (if necessary)

— General description.

— Material for housing, wear elements and shaft sleeve.

— Design for longevity and ease of maintenance.
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