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Terminology, graphical and letter symbols
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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
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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 2: Guidelines for technical specifications
for Francis 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 61366-2, 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/RVC

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 61366-2 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
for a

prope

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{IEC 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 with IEC 1366-1 contain guid

ler turbines). A summary of the proposed caontents for a typical set of Ten

Documents is given in the following table 1 and annex/A7 Table 1 summarizes the arrang

of ea

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)

elines

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

Hering
Ement
bns of
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HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES —

TENDERING DOCUMENTS -

Part 2: Guidelines for technical specifications
for Francis turbines

0 Introduction to technical specifications

The

requinements 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 imppftance only
preparation of the Tender. Such information and instructions should be-given only

main purpose of the technical specifications is to describe the specifieytec

nnical
being
bloyer
to the
n the

Instructions to Tenderers (ITT). Accordingly, the ITT may refer to other-Chapters and sections

of the

Tendering Documents but not vice versa. As a general rule the word "Tenderer" should

be cqnfined in use only to TD chapter 1 "Tendering Requirements”; elsewhere thg term

"Contractor" 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

erials,
ation.

It is common for the Employer to use technical standatds for such items which would apply to
all contracts for a particular project or projects. In\¢his event, detailed technical stardards

shoulgl be specified in TD chapter 5 "General requirements”.

Tech

The guidelines forpreparation of Francis turbine specifications include technical specific
for th

Frncis turbines (Part 2);
Pelton turbines (Part 3);
P
Tybular turbines (Part 5);
Pymp-turbines (Part-8);
Stprage pumps (Rart 7).

Désign.conditions: Project arrangement, hydraulic conditions, specified conditions, m
oferation, generator characteristics, synchronous condenser characteristics, tra

opeller and Kaplan turbines<{(Part 4);

followingr

ical specifications for the various types‘of hydraulic machines included in this guide are
provided in the following parts:

Ations

bde of
hsient

behaviour data, stability of the system, noise, vibration, pressure fluctuations and safety
requirements.

Technical performance and other guarantees:

power;
discharge;

efficiency;

maximum momentary pressure;
minimum momentary pressure;
maximum momentary overspeed;
maximum steady state runaway speed,;
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cavitation pitting;
hydraulic thrust;
maximum weights and dimensions for transportation, erection and maintenance.

Mechanical design criteria: design standards, stresses and deflections and special design
considerations (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
C§

Fi
fo
an

St
st

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

ked/embedded components: spiral case with compressible wrapping (if any), stay
indation ring, discharge ring, draft tube, draft tube liner, pit liner, and felndation
d anchorage.

ationary removable components: headcover, bottom ring (may befixed), facing §
htionary wearing ring, guide vanes.

\Y

R
wi

TH
ro
be

M
pi
Al

an
CQ

In
S
M
Si
Fi

An ex
given
relief
may |
separate documents.

ne linkage system, guide vane overload protection and logking devices.

Rigulating apparatus for guide vanes: servomotor, connecting rods, regulating ring,

tating parts, bearings and seals: runner, main shaft,“intermediate shaft, guide b
th oil supply, oil/water cooler, main shaft seal, standstil'(maintenance) shaft seal.

rust bearing (when part of the hydraulic machine. supply): bearing support, thrust
ating ring, thrust bearing pads and pivots, ojl 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, draft tube maintenarice platform.

xiliary systems: runner pressure balancing and pressure relief lines, turbine pit drg
d other drainage systems; lubrication, draft tube air admission, tailwater depre
oling water supply for runner séal for blow-down operation.

Strumentation: controls, indication and protection.

are parts: basic spare parts.

bdel tests: test requirements.

e installation and-.commissioning: installation procedures and commissioning tests.

bld acceptance tests: scope of field tests, reports and inspection of cavitation pittingj

ample of the proposed table of contents for Tendering Documents for a Francis turl
in annex A. The example does not include technical specifications for the control sy
valves, or high and low pressure side valves or gates which, at the Employer's ¢

and

ring,
plates

lates,
guide
paring

block,
guide

irbine

inage
ssion,

ine is
stem,
ption,

enncluded in the Tendering Documents for the Francis turbine, or may be specif

ied in

Chapter 6 (technical specifications) of the Tendering Documents should be arranged as

follows:

6.1 Technical requirements;

6.2 Technical specifications for fixed/embedded components;

6.3 Technical specifications for stationary/removable components;

6.4 Technical specifications for guide vane regulating apparatus;

6.5 Technical specifications for rotating parts, guide bearings and seals;
6.6 Technical specifications for thrust bearing;

6.7 Technical specifications for miscellaneous components;
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6.8
6.9
6.10
6.11
6.12
6.13

Technical specifications for auxiliary systems;
Technical specifications for instrumentation;
Spare parts;

Model acceptance tests;

Site installation and commissioning;

Field acceptance tests.

1 Scope

This Elechnical report, referred to herein as the Guide, is intended to assist in the prepara
Tendgring Documents and tendering proposals and in the evaluation of tenders far hyg

mach

2 Re

IEC 6
turbin

IEC 6

IEC ¢
turbin

IEC 6
turbin

IEC ¢
mach

IEC 6

ISO 3
for th

3 Te

3.1 §

This

confe
sectig
mann
subse

nes. This part of IEC 61366 provides guidelines for Francis turbines.

ference documents

0041:1992, Field acceptance tests to determine the hydraulic\performance of hyqg
es, storage pumps and pump-turbines

D193:1965, International code for model acceptance tests\of hydraulic turbines

0308:1970, International code for testing of speed~governing systems for hyqg
es

0609:1978, Cavitation pitting evaluation in hydtaulic turbines, storage pumps and
es

0994:1991, Guide for field measurement® of vibrations and pulsations in hyd
nes (turbines, storage pumps and pump\turbines)

1362,00 Guide to specification of hydro-turbine control systems 1)

740:1980, Acoustics — Determination of sound power levels of noise sources — Guid
b use of basic standards and for'the preparation of noise test codes

chnical requirements

cope of work

subclause should describe the scope of work and the responsibilities which are
red upondthe Contractor. The general statement of scope of work presented in
n 2.1 (5.1 of IEC 61366-1) shall be consistent with what is presented here. In a s
br, payitems in the tender form, TD section 1.2 (4.2) should be defined directly frg
ction-6.1.1.

ion of
raulic

iraulic

iraulic

bump-

Iraulic

elines

to be
TD 2)
imilar
m TD

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,
parts, transportation to site, site installation, commissioning, acceptance testing,
warranty and other services specified or required for the items of work.

spare

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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Description
six (6) vertical shaft Francis type hydraulic turbines each with a specified power

of not

less than 102 000 kW under a specified specific hydraulic energy of 1960 J/kg

(specified head of 200 m);

turbine model testing;

tools, slings and handling devices required for maintenance of the turbines;
transportation and delivery to site;

site installation, commissioning and acceptance testing of the turbines;

preparation and submission of operation and maintenance manual and training of

Spare parts required for operation and maintenance.

imits of the contract

ubclause, by making reference to the Employer's drawings and data, should desc
the limits of the Contract considering the following:
tails of the design and supply limits of the high and low pressdre*sides of the machi

tails, location and responsibility for field connection to spiral’case and penstock or
the high-pressure side;

tails and location of the downstream termination of the-draft tube liner;
tails and location of gate(s) or valve(s) on low-préssure side;
entation and location of the turbine/generatorshaft interface;

sponsibility for supply and installation of Mflange coupling bolts, nuts and gua
nerator/turbine coupling, including drilling:jig;

sponsibility for supply and installationtvef bolts, nuts, gaskets at piping termination;
mination of governor piping;

mination of spiral case and draft tube dewatering piping;

mination of spiral air exhadst piping (if any);

mination of pit drainage-piping;

mination of bearingJubricating oil piping;

mination of piping-(if required) to carry upper runner seal leakage to the draft tube;
mination ofsshaft seal piping (if any);

minatiomof piping for air admission system (if any) and for runner pressure balz
stem (ifsany);

mination of cooling water piping for bearings;

—— EMpIOyerS Operatmng and Tamenance Staff T optimunT use of these manuats,and

ibe in

valve

ds at

incing

- tu

birreheadcovermounted-throust bearmyg (i specified);

— termination points and junction boxes for wiring for power, control, indication, protection,
and lighting;

— compressed air for service and other functions.

NOTE - Contract limits will change if other major items of equipment (such as hydro-turbine control system, turbine
inlet valves, generators, excitation systems, control metering and relaying systems, switchgear, and power

transfo

rmers) are included with the turbine equipment 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:
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— Se

rvices during site installation and testing;

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

— installation in primary concrete of small items provided by the Contractor such as anchors,

SO

le plates, and piping;

— concrete for embedment of turbine components — supply, placement and control, including
monitoring and verification during and after concrete placing by others ;

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

— powerhouse crane and operator;

— CO

nnections to powerhouse air, oil and water piping systems;

— supply of filtered water for turbine shaft seal (if by the Employer);

— elgctrical wiring and hardware external to specified termination points;

— electric motor starters and controls;

— cdntrol, annunciation and protection systems external to specified termination points;

- e
— lu

It sho

the units, and not specifically mentioned in the above list of the Employer supplied item

servig

3.4 [

3.4.1

ternal lubricating oil storage, distribution, and purification systems (if.by the Employ
bricants, bearing and governor oil to the Contractor's specifications.

Lld be stated that any materials or services required for installation and commission

es, are to be provided by the Contractor under the contract.

esign conditions

Project arrangement
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3.4.2

This 9

The }roject arrangement should contain theEmployer's detailed description togethe

| arrangement drawings (by the Employer) of the powerhouse and waterways at th
w pressure side such as channels;-galleries, penstocks, surge tank, valves/gate
escription should be an extension” of the applicable data provided in TD Cha
ct information”. The data shalkbe sufficiently clear so that the Contractor can bg
ware of physical conditions.which may influence its detailed design.

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

Lilarly to the correetiinlet and outlet conditions, and to the co-ordination of the inter
en the hydraulic machine and waterways.

Hydrauli¢_ conditions

ubclause should present the hydraulic conditions under which the Employer propo

operare the/completed facility such as:

ing of
s and

I with
b high
5, etc.
bter 2
come

heters

hich guarantees are_based, as part of the overall design of the plant. This applies

action

5es to

— range of specific hydraulic energy (head) of the plant;

— specific hydraulic energy losses between headwater level and high pressure reference
section of the machine (E.s.,);

— specific hydraulic energy losses between low pressure reference section of the machine
and tailwater level (E, ,.,);

— specific hydraulic energy (head) of the machine (see 2.5 of IEC 61366-1);

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

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

— minimum tailwater level as a function of discharge for the cavitation guarantee;

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

— maximum specific hydraulic energy (head) for runaway speed guarantee;
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nge of water temperatures;

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

range of ambient temperatures and humidity (tropical environment or extreme cold needs to
be clearly defined).

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

b)

c)

d)

3.4.4
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Under such conditiens; discussions should be held with potential suppliers of turbing

g€
Di
or
di
to

erating features shall also be clearly identified such as synchronous condenser, sp
Serve, isolated and black-start operations, penstock draining through turbine, et€.

wer (P), specific hydraulic energy (E) [head (H)], and discharge (Q).. the sp¢
ecific hydraulic energy (head) and discharge of the machine are determined frg
alysis of available discharge, specific hydraulic energy (head) of the plant, and hyd
Eses external to the machine with respect to statistical duration (réfer to 2.3 to

he range of specific hydraulic energy is wide, more than one specified value for E,
ed to be selected to define the operational range of the machine.

the case of an unregulated turbine, and if there are/any limitations on ma
charge at any specific hydraulic energy (head), the *Employer shall provide ad¢g
ta in the technical specifications to enable the Contractor to optimise turbine design
Specting these limitations.

eed: the choice of speed of the unit has an impact on turbine and generator costs,
tting of the turbine with respect to tailwater.levels, and on powerhouse costs. The ¢
speed may also be influenced by strength considerations; e.g. in the case
derground powerhouse where, because - of favourable cavitation conditions, a

bermitted by the project schedule,the approximate cost per metre of powerhouse s
be clause B.3 of annex B), and-the approximate cost per kVA for various possible
tions for the generator should be specified by the Employer in the ITT (TD
ction 1.1.5) so that the Tenderers may quote the turbine which best suits site cong
d its available design.

most cases, the project schedule will dictate an early decision with respect to s

nerators to fix @ preferred speed; alternative proposals may be invited in the ITT.

Fection of retation: the direction of rotation of the turbine is dictated by the op
entation_ofthe spiral case with respect to intake, penstock and powerhouse costs
ection-should be specified clockwise or counter-clockwise looking from the gen
vards the turbine.

nning
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P may

imum
guate
while

bn the
hoice
of an
higher
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The specifications should state the principal characteristics of the generators to which the
turbines will be coupled, for example:

capacity (kVA);
power factor;

frequency (normal and exceptional range);

inertia or flywheel effect of generator;

preferred speed (if established);

preferred bearing arrangement (if established);

approximate rotor diameter (if available);

inner diameter of stator for passage of turbine components (if available).
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3.4.5

Transient behaviour data

During the preliminary design phase of the project and prior to turbine selection, the Employer
should 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 and low pressure conduits for the turbine, including surge tanks;

— water starting time;

-V
- tu
—  hi

— trg

—  tra
Trans|
verifig
may h

3.4.6

The |

tocity-of pressure-waves{sound-vetocity-inthe-waterpassages);

bine guide vane opening and closing times;

ph (low) pressure side valve(s)/gate(s) opening and closing time;

nsient pressure variations in the turbine spiral case and penstock;

nsient pressure variations in the draft tube;

bssure fluctuations at high pressure and low pressure side of turbine.

ent data established by the Employer should be provided, and those data which r

ation by the Contractor should be specified. Other data,not specified by the Em
ave to be established by the Contractor. (Refer to guaranteés in 3.5.5 and 3.5.6.)

Stability of the system

perfofmance of the hydro-turbine control system¢should be specified according to IEC §

The H
water
fluctu

3.4.7

Noise
meas
shoul
guide
which

NOTE
effect ¢

3.4.8

mployer should furnish the information necessary to predict possible resonance
passages of the power plant and inythe unit. Admissible limits may be specifi
htion of shaft torque and of pressure_in the draft tube.

Noise

level limits may be legislated by national or local statutes. Noise abatement (see
ires may be the combined responsibility of the Employer and the Contractor. Refg
i be made by the Employer to ISO 3740 together with other standards, statute
5 to establish noise tmeasurement and acceptance criteria. The limits and the meg
they can be achieved should be specified in TD subsection 6.1.4.7.

- The Employensshould recognize that additional protection to reduce noise level may have a sig
n the cost of the"'machine.

Vibration

The

ydro-turbine control system should be spegified in accordance with IEC 61362.

bguire
ployer

The
0308.
in the
pd for

note)
rence
s and
ns by

hificant

pecifications should require that the machine operate through its full range of sp

cified

conditions without vibration which would be detrimental to its service life. Reference should be
made by the Employer to IEC 60994, together with other suitable standards or guides, to
establish deflection measurements and acceptance criteria. In any event, limits of vibration
may be established for steady state conditions and for normal transient regimes as criteria for
final acceptance.

3.4.9

Sand erosion considerations

Risk of sand 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,

hardn

ess, size and shape. See annex H of IEC 61366-1.
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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.

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 annex E of IEC 61366-1, and
should be read in conjunction with IEC 60041.

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

The Employer should establish and specify the parameters oni/which the performance
guarantees are to be based. These parameters include plant specific hydraulic energy |(plant
head)| and energy losses external to the high pressure and low preéssure reference sectipns of
the machine. The Employer should retain responsibility for\specifying acceptable inlgt and
outlet|conditions of the machine and for co-ordinating the study of the interaction betwee¢n the
mach(ne and the external waterways, under transient and_steady-state oscillating conditiohs.

In thqse cases where it is not possible to perform*field acceptance tests under specified
conditions, refer to IEC 60041, the Employer«should specify measurement methods and
measlirement uncertainties which are contractually applied if different than those established
by relevant IEC publications. In addition to specifying the guaranteed performance provisipns in
the technical specification, it is important that the Employer summarize these provisions|in TD
subsdction 1.1.13 of the "Instructions todTenderers". Also, it is desirable that the manper in
which| Tenderers present and state their'performance guarantees be clearly specified.

The Hmployer should select the@ppropriate level and type of performance guarantees fpr the
machine, taking into considefation the intended mode of operation and the importance f the
mach|ne in the electrical system. The Employer should specify measurement methods|to be
appligd and the relevantsstandards which explain the measurement error.

Perfofmance guaranteées may be specified for a range of specific hydraulic energy valdes. If
the aftual specifie* hydraulic energy is outside this range, an agreement shall be repched
betweden the Employer and the Contractor to define the new guarantees.

Whern| it/is-necessary to include other aspects of the machine under performance guargntees
(such]asstability, noise, and vibration), the Employer should include these provisions jat the
end of this clause, taking into consideration that available data may not be sufficient based on
extended experience. In any event, conditions under which guarantees are evaluated shall be
specified.

3.5.2 Guaranteed power

In specifying the guarantee for power, refer to TD subsection 6.1.4.3 of the "Specified
Conditions" (see annex A of IEC 61366-1), 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.
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3.5.3 Guaranteed minimum discharge
In some cases, it may be necessary to specify guaranteed requirements for a particularly low,
continuous and stable discharge. The Employer should indicate the expected duration of

operation and any special discharge conditions. The method of measurement should be
specified.

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 model acceptance tests in the Contractor's laboratory or in another-labdratory
acceptable to both parties, using test results with a mutually agreed step-up fgqrmula
(see IEC 60193); in this case, model test guarantees for the model have to be|given
(see clause 13); or

— | by model tests with a mutually agreed step-up formula (see IEC60193 and clausge 13);
or

— | by field acceptance tests of one or more prototype turbines (see IEC 60041 and
clause 15).

c) Efficiency weighting formula to allow Tenderers to optimize ‘the guaranteed efficiency|in the
ndrmal 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, fdr gain
or|loss in efficiency (refer to annex B of IEC 61366-1Y.

d) Applicable codes (see 2.1 of IEC 61366-1).

e) Measurement methods and preliminary @stimated measurement uncertainties {o be
cantractually applied if different than those\established by relevant IEC publications.

f) Contractual consequences, if any, ©f the Contractor's failure to fulfill the guargnteed
efficiency or of the Contractor exceeding its guaranteed efficiency (penalty or premiuny).

The te¢chnical data sheets of the tender forms should provide space for the Tenderer to fecord
its gupranteed weighted efficiency.

In large multi-unit projectsiwhich justify the expense, the Employer may choose to select fwo or
more |competing Tenderers to perform turbine model tests at the Employer's expense. |n this
event| the results of(the model tests can be used in the evaluation of the final award pf the
Contract to the suceessful Tenderer.

3.5.5 [ Guaranteed maximum/minimum momentary pressure

It is usgalfor the Contractor to guarantee momentary pressure even when there [is no
contrgctual responsibility for complete design of the plant. (Refer to annex E of E.2.6). The
Contractor should be required to calculate and guarantee the maximum momentary pressure
under load rejection from specified conditions (specified power and specified specific hydraulic
energy), and under the most unfavourable transient conditions established by the Employer.
The Employer, however, 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 unfavourable
transient conditions. Under certain conditions, it may exceed maximum steady state runaway
speed. The maximum momentary overspeed should be guaranteed by the Contractor. The
Employer, however, 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).
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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 guide vane
opening on the turbine, considering variations in the plant cavitation factor. Taking into
consideration powerhouse arrangement, number and type of independent shutoff 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 should keep this duration to a minimum. The guarantee should be
stated in the technical data sheets submitted by the Tenderers.

NOTE } It is recommended not to specify or to conduct steady state runaway speed tests at site. If itiS_mutually
agreed| to conduct such tests, they should be performed at reduced specific hydraulic energy (head); fefer to
IEC 60p41. The purpose of this precaution is to reduce physical stresses on the civil structures and'the gerlerating
unit (particularly the electrical machinery). The value of maximum steady state runaway speed should be verffied by
model fests.

3.5.8 | Cavitation pitting guarantees

Severe cavitation pitting creates three major problems for hydraulic- machines: high cpst of
pittind repairs; loss of revenue caused by outages; and decreasSe in efficiency. With dareful
plann|ng, the possibility of severe pitting can be greatly reduced

In thel design of turbines and their application to a specific site, it is necessary to balang¢e the
incregsed costs for a lower turbine setting, larger runn€r)diameter, slower operating spegd and
incregsed powerhouse excavation with the potential Ioss of revenue caused by any outage.

IEC 6P609 outlines factors which need to be considered when specifying cavitation guaraptees.
Refer|[to annex F of IEC 61366-1, which provides an example of an interpretation of IEC 60609.

Factofs which can influence the amount of cavitation pitting damage and the limits pf the
cavitation guarantee include plant operating range and conditions, low tailwater level, |water
guality, material selection, shop inspection, quality control and field inspection after commis-
sioning.

3.5.9 [ Guaranteed hydraulic thrust

This gubclause should\outline the conditions of operation which can be used by the Confractor
to determine the maximum and minimum hydraulic axial thrust. This information will be needed
for dejsign of the-thrust bearing.

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 should be
specified in this subsection and may include, for example, such items as inlet valve size,
turbine runner and shaft weights and maximum component dimensions and/or weights (for
transportation and project handling restrictions), intake gate and draft tube gate size, etc.

3.5.11 Other technical guarantees

This subclause may cover other technical guarantees such as vibration 1), noise 2), fluctuations
of pressure and power and behaviour of protective coatings.

1) Refer to 3.4.8.
2) Refer to 3.4.7.
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If guaranteed limits for vibration are specified by the Employer or agreed upon by the parties to
the Contract, reference should be made to IEC 60994, which gives guidelines for measurement
procedures.

If the Employer specifies a guarantee for the guide vane hydraulic torque tendency, this
guarantee may be confirmed by model tests.

The Employer may specify a guarantee to cover an emergency shutdown of the turbine without
cooling and/or lubrication of the bearings.

3.6 Mechanical design criteria

3.6.1 | Design standards

This subclause should list the appropriate standards and codes which apply direetly o the
specified equipment.

3.6.2 | Stresses and deflections

The Contractor should be required to adopt design methods and/practices with regard to
allowable stresses and deflections to ensure an extended service“life from the turbine,|using
reasohable care and maintenance. The correlation of allowable (Stresses to the following load
conditions shall be specified for:

— ndrmal load conditions;

— extraordinary load conditions; and
— loqd case for emergency conditions (including earthquake acceleration).

The Bmployer should indicate the anticipated setvice life. Whenever the Contractor proposes
to depiate from its conventional successful~practice, it should be obliged to justify| such
devialion in advance to the Employer.

3.6.3 | Special design considerations

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

The Qontractors for the“turbine and generator equipment should, as a part of their respective
Contrfct, be required to carry out design of the dynamic behaviour of the combined genjerator
and tyrbine with réspect to critical speed calculations and shaft system alignment criteria. The
two (Qontractars ‘should be obliged to participate in the analysis and mutual agreemgnt for
resolytion of-any problems which may arise in this regard.

3.7 ncign documentation

3.7.1 General

The Tendering Documents should provide a general statement on the manner in which
Contractor's design documentation will be submitted for review. It shall be recognized that
design responsibilities which are assigned to the Contractor by the Employer shall remain
under the Contractor's direct control. The provisions of TD subsection 6.1.7 shall be consistent
with those given in TD section 5.2 "General Requirements".

3.7.2 Data for the Employer's design

The Employer should outline data to be submitted by the Contractor relating to design and
layout of the turbine. Data should include such items as embedded component weights and
dimensions, loads to be transferred to the structure, water passage dimensions (i.e. spiral
case, stay ring, foundation ring and draft tube), size and location of anchor bolts, dimensions of


https://iecnorm.com/api/?name=70378c6c57476506e1223af70038d427

~ 18- 61366-2 © IEC:1998(E)

first stage concrete voids for subsequent installation of embedded components, weights and
dimensions of heaviest and largest 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, electrical interconnections, 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 Cantractor to expedite necessary action items The extent of review intended
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Contractor's review of Employer's design

house. The Employer should outline the requirements for review by the Contractor
yer's design. This could include a review of substructure, construction drawings sh
E anchor bolt and installation details, draft tube water passages and other details
nce turbine layout.

Technical reports by Contractor
Employer should specify submittal requirements for the Contractor's technical re

jures, commissioning and acceptance test’procedures and similar items.

Naterials and construction
Scope

shall be taken that specifications for materials and construction in TD subsection
bnsistent and do not conflict with the general requirements specified in TD sectiq

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 thesclass of equipment for which the Employer is willing to pay. The Contractor 4§

hum benefit of the Contractor's experience. The basis of such alternatives shod

justified™~and documented
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ports.

reports could include model tests, dynamic behaviour of turbine/generator, installation

6.1.8
n54

rials and workmanship”. A number of items included in TD subsection 6.1.8 could be
specified in TD section’5,4, but this is left to the Employer's preference.

e how
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rmitted. to offer alternatives to the minimum specified requirements, thereby offering the
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Material selection and standards

— All materials shall be new and suited to the intended purpose as demonstrated by the
Contractor's prior experience, or demonstrated by tests whose results are divulged to the
Employer for acceptance.

— Specification should be limited, where possible, to generic types of materials to leave the
Contractor the flexibility of procurement from its usual sources.

— Where National material standards are specified, demonstrated equivalents should be
accepted.

— Any change of material during contract period shall be subject to approval by the Employer.
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3.8.3

Quality assurance procedures

— Minimum quality requirements should be specified, preferably with reference to international
or national standards, and should not conflict with the general requirements in TD section 5.5.

— Required documentation attesting to quality checks shall be established.

— Material test certificates including certificates for material of doubtful quality or origin.

- Pr

ocedures for repair of defects shall be established.

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

3.8.4
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3.9 §

AS wi
is left

op methods and routing information should be divulged to the Empl
bresentative(s) to the extent necessary to permit evaluation of same and"to” sch
endance at important verification points in the manufacturing sequence.

e Contractor should be required to demonstrate upon request, that the-qualificati
staff and workers for specific tasks such as welding are adequate.far the class o
ing done.

Corrosion protection and painting

nimum general grade of corrosion protection should bé specified. The behaviour o
d coatings systems shall be consistent with the environment to which the t
mponents will be subjected, both atmospheric and-hydraulic.

ernational or national standards may be used.to{define minimum surface preparatia
inting requirements.

a particular paint system is specified, itsygeneric type and number of primer and
ats should be given to facilitate the preparation of estimates during the tender perio

nimum or maximum dry film thickness for each coat in the specified paint systems 9
50 be given.

nimum corrosion protection *tequirements for machined surfaces, prior to shi
ould be given, along with packaging, transportation and site storage requirements
ctions 5.7 and 5.8.

Standard coating systems are specified by the Employer in TD section 5.4 of the g
uirements, only thieisystem code number and colour schedules need be specified
Chnical specifications with cross reference to TD section 5.7.

hop inspé€gction and testing

h 3.8;x<some of the requirements set forth in 3.9 could be specified in TD section 5.6
tothe’author of the documents.
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3.9.1

General requirements and reports

This subclause should make reference to and be consistent with TD section 5.6 giving
shop test, inspection and report requirements to be met. Reference should be made to TD
section 5.5 so that reporting standards and record-keeping are consistent with the specified
level 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 components of
the turbine should be identifiable in the Contractor's records for the project in terms of type,
grade and source. Copies of such records for major components should be supplied to the
Employer's representative upon request.
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Tests for physical or chemical properties or other characteristics shall be specified for
major components and the results reported to the Employer in writing. The Employer's
representative shall be given the opportunity to witness such tests.

The Employer may specify the supply of sample material.

Where materials are purchased outside the Contractor's organization, it shall be required,
as a minimum, that certificates be provided for major components at the time of material

sh

ipment, attesting to the type and grade of material being supplied.

Where 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:

plate and structural steeT,
castings;

forgings; and

weldments.

Dimensional checks

ications should require that critical dimensions be checked ‘prior to shipment
bnent to the job site. The nature of the records to be kept from such checks \

determined by the specified level of quality assurance (0, be maintained, and b

Contr
test a

hctor's experience regarding the effect of such checks on its ability to assemble,
nd guarantee the turbine.

If moglel acceptance tests are performed, geometrictsimilarity with the model turbine sh

check

3.94

Detail
shop

Desig
functi

re
pa
th
ne

ed in accordance with IEC 60193.

Shop assembly and tests

ed specifications of each major camiponent should establish minimum requiremer
hssembly and tests. The followingfactors should be considered:

moteness of project site;

ssibility of shipment of partor all of the turbine fully assembled;

broughness of dimensional checks;

ed for hydrostaticpressure test (e.g. guide vane servomotors);

importance of a pessible error in dimensional checks; and

m

htch marking-to reassemble at site.

bNing.

bf the
vill be
y the
erect,

all be

ts for

hated<-auxiliary components and systems should be tested in the shop for proper

4 Technical specifications for fixed/embedded components

General notes

Clauses 4 to 11 inclusive, outline the technical specifications for major components of the
machine. These specifications shall present concisely the Employers' specific technical
requirements and preferences for these components. It is suggested that the tec
specifications for major components be arranged using the following headings wherever
possible:

general description;

design data,;

general data.

hnical
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Although the guide may appear somewhat repetitive in the clauses which follow, it should be
understood that the purpose of this Guide is to illustrate preferred and consistent methods for
specifying turbine machinery without presenting detailed specifications. Such details are the
responsibility 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 7.2 should begin with a general description of
the major embedded components, for example:

"The embedded components for the Francis turbine to be provided normally include:

— spiral case;

— stay ring;

— fopndation ring;

— drpft tube and draft tube liner;

— pitliner."

4.1 $piral case

A genferal description of the spiral case should be given here,

4.1.1 | Design data
The Hmployer's design data should be carefully outlined including such items as:

— ddsign pressure;

— maximum permissible stresses into surrounding concrete, limitable by compressible
wiapping;

— tept pressure and location of test (shop or site);
— infernal pressure during embedment;
— cgncrete embedment pour rates, monitoring, verification, etc.;

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

4.1.2 | General data for geometry, connections and auxiliaries
The Hmployershould provide general data which apply to the spiral case such as:

— logatign, 'size and type of turbine inlet connection (specify tolerances);

— logatien, size, and type of all other connections for peripheral or auxiliary systems (cpoling
water, potable water, service water, pressure relief devices, irrigation devices, etc.);

— location, size and details of access for maintenance;
— details of all indication and test connections and devices;
— temporary and permanent transportation and erection support and handling devices.

4.2 Stay ring

As with the spiral case, the Employer should provide similar subsections beginning with a short
description of the stay ring.

4.2.1 Design data

— See4.1.1.
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eight of concrete, generator and other vertical loads supported by the stay ring.

General data for geometry, connections and auxiliaries

— Tolerances on location in plan and elevation.

- Pr

— Location,

ovisions for concrete placement and grouting.

connections, etc.).

- Tr

4.3 H

Brief

4.3.1

— SF

4.3.2

— Td

— Ldg
te

— Td
4.4 T

Brief

4.4.1

- M
- M
- M
- M

ansportation and erection support and handling devices.
oundation ring

jescription of foundation ring.

Design data

ecial loading conditions, if any.

hterial.

ansportation and site handling limitations.

General data for geometry, connections and auxiliaries

lerances on location in plan and elevation.
ovisions for concrete placement and grouting.

cation, size, type and other details of connections (turbine pit drains, draft tube ae
5t, etc.).

mporary and permanent transportation and erection support and handling devices.
Draft tube and draft tube liner

jescription of draft tube,

Design data

nimum external design pressure for liner.
hximum allewable pressure pulsation amplitude.
nimum, thickness if pertinent.

nimam external rib arrangement for limiting infiltration to powerhouse.

— T&

pe‘of material.

- Tr

ansportation and site handling limitations (dimensional).

— Concrete embedment rates, and other details.

— Di

4.4.2

mensional tolerances, concrete and liner.

General data for connections and auxiliaries

— Location and details of downstream limit of draft tube liner.

— Location, size and details of access for maintenance.

— Location, size, type and details of runner maintenance platform and devices.

size, type and other details of connections (e.g. turbine pit drains, test

ation,

— Location, size and details of all connections (e.g. spiral case, draft tube drains, aeration
piping or devices, cooling water, service water, draft tube water level controls, indication
and test devices, etc.).
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— Temporary and permanent transportation and erection support and handling devices
(anchors, tie rods, supports, etc.).

4.5 Pitliner

Brief description of pit liner.

45.1

Design data

— External pressure.

— Mi

nimum thickness if pertinent.

- M
— Ty
- Se
- 0
- S

4.5.2

— AF
- El
- Lag
- P

- Ldg
dr
gr

- Pg

5 Te

The H

5.1 H

The B

5.1.1

nimum external rib arrangement.
pe of material.

rvomotor support criteria.

penings for generator air circulation.
pport for turbine pit hoist, if any.

General data connections and auxiliaries

proximate lifting diameter required (e.g. for stator clearanece).

bvation of top of pit liner with respect to the turbine distributor centreline.
cation, size and details of turbine pit access.

eferred location of guide vane servomotor support flanges.

cation, size and details of piping connections (generator pit drainage, turbi
hinage, bearing cooling water, bearing~l@bricating oil, servomotor, service air, g
pase lubrication system, etc.).

ansportation and erection support:and handling devices.
rmanent turbine pit hoist, if required.

chnical specificationg for stationary/removable components
mployer should give a general description of the distributor assembly.

leadcover and-bottom ring

mployef.should give a short description of the headcover and bottom ring.

Design data

he pit
entral

- Pr

eferred arrangement (e.g. both headcover and bottom ring to be removable for
maintenance; guide vane bushings to be replaceable without dismantling headcover and
bottom ring, etc.).

— Requested type of material.

- Pr
- Pr

5.1.2

eferred turbine pit drainage arrangement.
eferred guide and thrust bearing location.

Facing plates

— Comments on preferred arrangement.

— Material by generic type.

- Mi

nimum thickness.
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Runner seal stationary wearing rings

— Comments on preferred arrangement.

— Type of material (resistant to corrosion, erosion and cavitation).

5.1.4

Guide bearing support

— Comments on preferred arrangement.

— Access for maintenance of guide bearing.

5.1.5

Guide vane hearing housing and bushings

- P
— SF

5.2 ¢

The H
5.2.1
- R
- P

5.2.2

eferred material.
ecial features (dirt seals).

buide vanes

mployer should provide a brief description of guide vanes

Design data

- RItes for opening and closing when governor system is not\ncluded in turbine supply

guested type of material (corrosion resistant, erosien resistant).
eferred hydraulic torque characteristic.

Guide vane stems

- RTquested material by generic type.

— Ofther requirements.

— Arnrangement and material for guide-vane stem seals.

6 Tegchnical specifications for-guide vane regulating apparatus

Desciliption of apparatus.either with a regulating ring or an individual servomotor for each
vane.

6.1 $ervomotors

— Material type.

— Preferred location in turbine pit considering generator foundations.

- M

himum and minimum allowable nppmting pressure if governor Quplnliprl Qpparmply

— Guide vane restoring device for governor.

— Requirements for pressure tests.

— Responsibility for alignment at assembly.

— Other requirements regarding operation and maintenance.

— Cross-reference TD subsection 6.3.2.1 for opening and closing times.

6.2 Connecting rods

— Preferred arrangement.

— Minimum bushing requirements.

— Type of material.

guide
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6.3 Regulating ring

— Preferred arrangement.
— Minimum support requirements on headcover.
— Type of material.

6.4 Guide vane linkage

— Preferred arrangement.
— Types of material.

— Ingividual adjustment on each guide vane in closed position.

6.5 Guide vane overload protection

— Preferred arrangement.

— Basic criteria.

— Cijiteria for readjustment (on-line, off-line spiral case drained).
— Opyerload indication.

— Oyerload annunciation.

6.6 LUocking devices

— Preferred arrangement.

— Aytomatic or manual.

— "(losed" or "open" positions.

— Are they required to be adjustable for limiiting power?.
— Ldck position detection.

— Lgck position annunciation.

7 Tdgchnical specifications for rotating parts, bearings and seals
Desctjiption of rotating parts and method of erection and dismantling.

7.1 Runner

Descljiption of*runner.

7.1.1 LDesigndata

— Minimum material requirements by generic type (weldable, corrosion resistant, erosion
resistant, and cavitation resistant).

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

— Static balancing requirements.

7.1.2 Runner water passage shape and surface finish

Proper control of runner water passage shape and surface conditions is an important step in
limiting potential cavitation damage. Proper quality control shall be provided during all phases
of fabrication and manufacture to ensure that the final product is homologous with the model
runner, in the case of model tests or to the hydraulic design. Reference should be made to
IEC 60193.
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7.1.3 Rotating seal rings

— Material type.
— Compatibility with materials used on stationary wearing rings.
— Preferred design, i.e. removable, one piece with runner, etc.

7.2 Main shaft

Description of shaft.

7.2.1 rDesigmdata

— Coupling standard, if any.

— Material type.

— Elpvation of main shaft coupling flange(s) with respect to centreline distriputor.
- NIed, if any, for concentric hole through shaft for QC inspection, or fordismantling.
- C

— Lqgwest or first critical speed calculation (greater than maximum steady state rupaway
speed).

upling bolt holes, interchangeability requirement.

— Define co-ordination with generator supplier for combined alignment, dimensional intgerface
arld critical speed.

— Shaft seal sleeve.

7.2.2 [ Coupling bolts, nuts and nut guards

— Material type.

— Responsibility for supply and installation, including drilling template.
— Tyrbine end.

— Generator end.

— Interchangeability.

— Lgcking devices.

— Nuit guards at turbipneyand generator ends.

7.3 Turbine guide-bearing

— General_description for type and construction.
— Agcess-for maintenance.

— Materaltvnes
HEHaHPesS

— Lubrication.

— Cooling of bearing oil.

— Oilfill and drain piping.

— Oil circulation.

— Oil level detection for control and annunciation.
— Oil level indication.

— Contamination of oil (test connections).

— Bearing temperature.

— Bearing oil temperature.
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