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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR COMMISSIONING AND OPERATION OF HYDRAULIC
TURBINES, PUMP-TURBINES AND STORAGE PUMPS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

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

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60545 has been prepared by IEC technical committee 4: Hydraulic
turbines.

This second edition cancels and replaces the first edition published in 1976 and the first edition
of IEC 60805 published in 1985. This edition constitutes a technical revision.

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

a) the focus is on the commissioning and operation of the hydraulic machine. Interfaces to the
electric machine are mentioned only for a better understanding of the context;

b) the definitions of tests for commissioning and adjustable speed are updated to state of the
art;

c) the record sheets ‘measurements during erection’ are excluded (see IEC 63132 (all parts);
d) the maintenance is excluded (see IEC 62256).
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The text of this International Standard is based on the following documents:

FDIS Report on voting
4/407/FDIS 4/420/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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GUIDELINES FOR COMMISSIONING AND OPERATION OF HYDRAULIC
TURBINES, PUMP-TURBINES AND STORAGE PUMPS

1 Scope

The purpose of this document is to establish, in a general way, suitable procedures for
commissioning and operation of hydraulic machines and associated equipment, and to indicate
how such machines and equipment should be commissioned and operated.

Commissioning and operation of the associated equipment are not described in detail in this
document but is considered in the commissioning and operation procedure as a separate step.

Machines of up to about 15 MW and reference diameters of about 3 m are generally covered
by IEC 62006.

It is understood that a guideline of this type will be binding only if the contracting parties have
agreed upon it.

The guidelines exclude matters of purely commercial interest, except those inextricably
connected with the conduct of commissioning and operation.

The guidelines are not concerned with waterways, gates, drainage pumps, cooling-water
equipment, generators, motor-generators, electrical equipment (e.g. circuit breakers,
transformers) etc., except where they cannot be separated from the hydraulic machinery and
its equipment.

Wherever the guidelines specify that documents, drawings or information are supplied by a
supplier (or by suppliers), each individual supplier should furnish the appropriate information
for its own supply only.

2 Normative references

There are no normative references in this document.

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

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

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

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

3.11

hydraulic machinery

turbines, storage pumps, pump-turbines, valves, guide and thrust bearings used in hydroelectric
power and pumped storage stations

Note 1 to entry: The term hydraulic machinery includes hydraulic torque converter and all type of ma|Dr3b(ﬂvments
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Note 2 to entry: Terms related to hydro turbine governing systems are not included; refer to IEC 60308.

[SOURCE: IEC TR 61364:1999, 3.1, modified — Addition of Note 1 to entry.]

3.1.2
hydraulic machine
hydraulic impulse and reaction turbines, storage pumps and pump-turbines

[SOURCE: IEC TR 61364:1999, 3.1]

3.1.3
turbine
machine for transforming hydraulic energy into mechanical energy

Note 1 to entry: The term turbine includes a pump-turbine functioning as a turbine.

Note 2 to entry: The term turbine does not include the inlet or outlet valves nor the associated generator or governor.

[SOURCE: IEC TR 61364:1999, 4.1, modified — Addition of Note 1 to entry.]

3.1.4

pump

machine for transforming mechanical energy into hydraulic energy in order to store water that
will be used later on to produce electric energy

Note 1 to entry: The term pump includes a storage pump and a pump-turbine functioning as a pump.

Note 2 to entry: The term pump does not include the inlet or outlet valves nor the associated motor.

[SOURCE: IEC TR 61364:1999, 4.1, modified — Replacement of "storage pump" with "pump" in
the main term, and addition of Note 1 to entry.]

3.1.5

starting device

starting equipment for a motor-generator or motor
EXAMPLE 1 pony motor

EXAMPLE 2 starting turbine

EXAMPLE 3 frequency converter

EXAMPLE 4 hydraulic torque converter

EXAMPLE 5 back to back

Note 1 to entry: Each example is representing a different method to start the hydraulic machine functioning as a
pump.

3.1.6

opening device

guide vanes or the turbine needle of impulse turbines and its driving components (governing
systems)

3.1.7

electrical machine

generators and motor-generators of synchronous type including the excitation equipment as
well as of the asynchronous type

Documents

Document Sharing Hub

Full document details: IEC 60545-2021


http://www.avadocuments.com/doc/iec-60545-2021
http://www.avadocuments.com/doc/iec-60545-2021

IEC 60545:2021 © |IEC 2021 -9-

3.1.8

associated equipment

all additional machinery which is necessary to allow operation of the hydraulic machine (if
applicable)

EXAMPLE 1 inlet and outlet gates or valves, draft tube gates, cylindrical valves (ring gates)
EXAMPLE 2 pressure relief valves

EXAMPLE 3 couplings

EXAMPLE 4 gear drives

EXAMPLE 5 brake system

EXAMPLE 6 water depression system

EXAMPLE 7 air supply system

EXAMPLE 8 cooling-water systems

EXAMPLE 9 drainage systems

EXAMPLE 10 dewatering systems

EXAMPLE 11 oil supply systems
3.2 Tests, periods, operating modes

3.21

commissioning

testing of new or rehabilitated equipment to check its conformity with contractual specifications,
as well as operation of the equipment until formally accepted by the purchaser

3.2.2
operation
utilization of the equipment to convert energy, or a state of readiness for such production

3.2.3
maintenance
activity performed on equipment in order to keep it in a state of optimum operating condition

3.24
pre-start test
test between completion of erection of the equipment and initial run

3.2.5
initial run
first movement of rotating parts after erection

3.2.6
test run
operation to obtain one set of data for a specific test

3.2.7
test operation
utilization of the equipment for testing purposes
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3.2.8
test operation period
test period following initial run and followed by test service

Note 1 to entry: It includes no-load runs for checking power plant equipment, as well as load runs in turbine and
pumping operation, load rejections and energy supply interruption pump-turbine tests.

3.2.9
no-load test
operation of the machine without connection to the electrical grid

3.2.10
no-discharge test
operation of the machine in pump-mode with the high pressure side valve closed

3.2.11
test service period
operation of the equipment for an agreed period

Note 1 to entry: During this test, the supplier is generally responsible.

3.212
commercial service
operation of the equipment, under the operator’s responsibility

3.2.13

commercial service period

period starting after acceptance and including service periods, as well as periods when the
equipment can be out of operation for maintenance, inspection, repairs, etc.

3.2.14

guarantee period

time, extending through an agreed part of the commercial service period, during which the
supplier has commercial obligations to correct defects in his equipment in order to bring it into
conformity with the contract

Note 1 to entry: For this purpose, tests in accordance with the appropriate parts of 6.3.1.5 are performed.

3.2.15
inspection
check on the condition of equipment

3.2.16
repair
restoration after wear or damage

3.2.17
modification
change intended to improve performance

3.2.18

rehabilitation

restoration of equipment capacity and/or equipment efficiency to near to “as-new” levels;
extension of equipment life by re-establishing mechanical integrity

[SOURCE: IEC 62256:2017, Clause 3]
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3.2.19

supplier

entity (for example manufacturer, contractor, installer, integrator) who provides equipment or
services associated with the machine

Note 1 to entry: The user organization can also act in the capacity of a supplier to itself.

[SOURCE: IEC 60204-1:2016, 3.1.62, modified — Addition of Note 1 to entry.]

3.2.20

operator

entity (for example owner of the equipment or entity contracted by him) who is responsible for
operation of the equipment

4 Information on operating conditions

4.1 General

This clause describes the information which should be given by the supplier(s) to the operator.

A fundamental requirement for proper operation and maintenance is a satisfactory knowledge
of the machine and its accessories by the operator.

The supplier shall deliver to the operator all necessary documents, instructions and information.
They shall include as a minimum:

— general drawings (e.g. general arrangement of the hydraulic machine, power house, ...);

— material lists, descriptions and test certificates for main parts;

— function diagrams;

— instructions for operation (especially the range of operation), inspection and maintenance
of the supplied equipment;

— assembly and dismantling instructions;

— safety instructions;

— list of spare parts, as stated in the contract;

— constraints.

These documents, even not final (but updated and finalised after test period), shall be given to

the operator as soon as required and, in any case, before the initial run to be reviewed by the
operator.

The operator shall define additional constraints (e.g. regarding shipping on rivers, slope
stability, public safety, ...).

4.2 Documents, data and instructions

The documents submitted by the supplier shall include the following data, some of which can
be amended according to experience gathered during commissioning:

1) The characteristic diagrams relating to heads, flow, power, opening (e.g. guide vane or
needle), speed, tailwater elevations, and operating limits; also, where applicable, runner
blade or deflector position. Examples of such diagrams are the pump characteristic and the
turbine hill chart.

2) Statement of similitude of model and prototype, depending on the contract.

3) Operation and safety instructions on inlet and outlet gates or valves of the machine and
pressure relief valves. The interlocking between the valves and gates shall be ﬁﬁ&ﬁ?ﬁents
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4) Detailed sequential diagrams, illustrating ordinary changes from one mode of operation to
another (generating, pumping, synchronous condenser operation, standby) as well as
actions due to various electrical or mechanical faults.

5) Guide vane opening (or needle opening of impulse turbines) for no-load, starting and
cavitation limits, as functions of head and tailwater levels also, where appropriate, runner
blade or deflector position.

6) Transient calculations (model presentation, input data, design criteria/admissible value,
load cases and descriptions of maximum and minimum values for pressure, speed, flow,
safety margin, references), depending on the contract.

NOTE 1 Closing and opening times of main valve sealings are considered.

7) Governor and servomotor characteristics (e.g. relationship between guide vane angle and
servomotor stroke, cam relationship if applicable).

8) If applicable, description of the water-depression-system or de-watering and refilling
system of the runner, data for compressed air tanks (including capacity of air tanks, control
pressure, etc.), compressors, valves, automatic control devices (both for de-watering
system and air leakage supplement system), maximum and minimum water level in the
draft tube, etc.

9) Adjustment of overspeed protection device, information of set value (shutdown value).

10) If applicable, description of the coupling type between the hydraulic machine shaft and
motor-generator shaft and of the synchronizing arrangement.

11) Characteristics of the fluids for the governing system. Filter specifications and information
on purification frequency and method.

12) Control and servo systems. Description of type and control system of the main valve, the
distributor and the movable blade of the runner (as applicable) as well as closing and
opening laws for the main valve, the guide vanes and runner blades.

13) Maximum steady state runaway speed and maximum ftransient speed and pressure
variations at some specific operating heads (maximum/minimum/rated water head).

NOTE 2 The speed value is below the maximum speed for machine safety.

14) Minimum continuous operating speed (depending on design of thrust bearing and other
bearings).

15) Minimum operating water head for initial run.

16) Description of lubrication systems, stating amount and characteristics of lubricants and
frequency of replacement.

17) If applicable, data on high pressure lifting oil injection system for rotating parts.

18) Speed or time limits below which operation of the thrust bearing high pressure lifting oil
injection system is necessary.

19) If applicable, maximum and minimum speeds for mechanical and electrical brake operation.

20) Intermediate oil levels and pressures at which pumps and compressors should be started
or alarms given; also data for automatic signalling and emergency devices.

21) Maximum and minimum temperatures in bearings, seals and in the oil or fluid pressure
circuits (alarm and shutdown values).

22) Maximum and minimum pressures, flows and levels in oil or fluid pressure systems and
bearings (alarm and shutdown values).

23) If applicable, maximum and minimum temperatures and pressures in oil head (alarm and
shutdown values).

24) Maximum acceptable load of thrust bearing, if required.

25) Design values and tolerances for machine erection (bearings and seals clearances,
inclination, circularities, concentricities).

26) Maximum and minimum pressures and flows in coolers (alarm and shutdown values).
27) Maximum water levels in drainage pits (alarm and shutdown values). Documents
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28) Data on electric motors, pumps and other accessories.
29) Safety instructions for test and operating staff.

30) Other data of importance which are considered necessary by either operator or supplier for
safe operation of the equipment or for instruction of personnel (e.g. axial hydraulic thrust,
weight force of the rotating parts of the turbine/pump-turbine and the generator/motor-
generator.

4.3 Final stage of erection, before commissioning

During the final stage of erection, the supplier shall give appropriate instructions to the operator
and provide the information stated in 4.2 on operating the equipment.

During the final stage of erection, the start, the test runs and test service period, the operator
shall make his staff available to the supplier for instruction and training in order for them to be
properly capable of operating the machine and associated equipment.

After first filling of bearing and governor oil tanks, it is recommended to take oil samples that
should be kept as reference of the oil at the beginning of commissioning.

After first filling of “water-filled” Kaplan runners, it is recommended to take samples of the filling
(water plus some additives) that should be kept as reference at the beginning of commissioning.

It is recommended that critical spare parts are available (e.g. parts with long delivery time).

5 Commissioning

5.1 General
5.1.1 Overview

This clause deals with the commissioning of hydraulic machinery. It describes and gives advice
and recommendations about (pre-) conditions, measurements, health and safety, organization.
Tests during commissioning and final documents are suggested.

In the lifetime of the hydraulic machine, the commissioning period is the time in which the
supplier shall demonstrate to the operator (owner) that the equipment fulfils the requested
characteristics and is ready to run in commercial operation. As the equipment is exposed to the
actual loads for the first time, the commissioning procedure shall be carried out with the
necessary care and coordination between the parties.

The process chart in Figure 1 shows different steps for a typical commissioning procedure.
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Commissioning procedure

< Pre condition fulfilled >

Pre start test Prior filling waterways

Filling waterways

Filling machine

[ Initial run ]

No load test runs Speed increase in steps

Bearing temperature
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[ First synchronizing ]

Load rejection and Load increase in steps

load run tests Load rejection

No discharge test

Control of speed and
pressure increase

Operation
mode changes

Test operation period
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Ready for
test service period

Figure 1 — Commissioning procedure

IEC

5.1.2 Commissioning period

The commissioning period starts after finishing of erection of a new unit and ends with the
beginning of the test service period. Similar procedures can also be utilized with or without
formal acceptance after repair or rehabilitation.

51.3 Operating conditions during commissioning

The operating requirements given in Clause 4 shall be complied with during commissioning. If
the operating conditions of the power station prevent commissioning within these requirements,
the operator and supplier shall define acceptable conditions and agree on the commissioning
procedure.

5.1.4 Measurements during commissioning

For correct interpretation and determination of the causes of any unexpected phenomena, it is
advantageous to make simultaneous recordings of significant parameters (such as the pressure

in the spiral casing and draft tube, openings of control mechanisms, speed, displacement of

shaft and vibration of bearings, guide vanes and covers, and possibly power, loads and
temperatures on bearings, pressures in servomotors, etc.) on recording instruments. These

should be in operation during the initial run and thereafter. Each recording sh

identification of the test, unit number and a time and date registration. ﬁ&i‘fﬁﬁ‘ients
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5.1.5 Grid and hydraulic conditions

It is the operator’s responsibility to obtain from all the authorities concerned agreements on the
specified conditions (grid, head, flow, etc.) for test operation.

5.1.6 Pre-conditions for commissioning
5.1.6.1 General

Before starting the commissioning, all activities which belong to the erection and which are
necessary to carry out the commissioning safely shall be finalized and recorded. The start of
commissioning shall be agreed between the operator and the supplier and certified in a protocol
‘ready for commissioning”.

5.1.6.2 Administrative and organizational
— The commissioning co-ordinator shall be defined.

— The commissioning committee with members of all parties (commissioning engineers of the
different suppliers) clarifies the roles of all participants in the commissioning organization
and their respective obligations.

The commissioning committee establishes a work permit system to ensure safe working
(locking and tagging system).

A time schedule for the planned activities shall be worked out and agreed between the
parties.

— The commissioning programme (e.g. see Table C.1).

5.1.6.3 Available documents

— All relevant final erection protocols (e.g. records of gaps between stationary and rotating
parts).

— All relevant protocols “Ready for commissioning” from the different suppliers.
— All relevant commissioning instructions and commissioning protocols.

5.1.6.4 Available equipment

In the case of any unforeseen events during commissioning, the water ingress into the
powerhouse shall be stopped (as well as the water flow in the waterways and the hydraulic
machine). The following equipment if applicable shall be ready for emergency closure:

— intake gates;

— outlet gates;

— inlet and outlet valves;

— stop logs designed to close under discharge.

5.1.6.5 Available systems

— Main power supply and emergency power supply

— Station AC and DC supply

— Auxiliary power supply

— Common auxiliaries such as pumps, coolers, heaters
— Drainage

— Dewatering

— Cooling

— Compressed air

— Monitoring turbine
— Monitoring generator Documents
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— Excitation

— All protection systems for the unit

— Electrical protection for gas insulated switchgear (GIS), bus bars and feeders
— Main transformer including protection and monitoring devices
— Transformer auxiliaries, such as fans and water pumps

— Synchronizing system

— Communication

— Automation

— Lighting

— Fire detection and fire fighting

— Heating, ventilation, air conditioning (HVAC)

— Earthing

and other applicable systems of the power plant.

5.1.7 Health and safety during the commissioning

As a part of test and commissioning, the facilities are put into live conditions (pressurised,
energized, equipment in the vicinity are in normal operation, etc.) and risk awareness shall be
emphasized. All personnel involved in the commissioning activities should be informed and
trained in the valid health and safety regulations. It is recommended to practice procedures for
fire protection, evacuation, first aid service, etc. Extra pushbuttons for fire protection and
emergency shutdown might be installed temporarily during commissioning. The area around the
facilities which are being commissioned should be marked with some kind of barrier and should
be cleaned before commissioning. In order to restrict the number of persons in the area, only
authorised personnel taking part of the commissioning should have access.

5.2 Commissioning co-ordinator and organisation

A commissioning co-ordinator shall be appointed by agreement between the operator, the main
contractors and the suppliers. The commissioning co-ordinator shall be in charge of the
commissioning activities and prepare a program which describes the commissioning activities,
including relevant activities from the contractors/suppliers detailed programmes. The program
can be designed as a step by step program that can be signed off. This program shall be
checked and approved by the operator, the main suppliers and contractors before and during
the tests if changes appear to be necessary. Figure 2 shows an example of organization chart
for commissioning.

The commissioning co-ordinator is responsible for the execution of all tests up to the beginning
of the test service period. Operating and commissioning personnel shall report to the
commissioning co-ordinator on all operations performed on the equipment. Each
contractor/supplier is responsible for their equipment and to perform tests included in their
contract during the commissioning. If some equipment is not covered by the suppliers, it is
recommended that the commissioning co-ordinator should be supported by a test co-ordinator.

One person should be appointed as switching supervisor that will take care of all switching
operations and work permits. The switching supervisor reports to the commissioning co-
ordinator.
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Commissioning

Project manager | ———- A
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Contractor/ Contractor/ Contractor/
supplier supplier supplier
commissioning commissioning commissioning
engineer engineer engineer
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Figure 2 — Example of organisation chart for commissioning

5.3 Pre-start tests
5.3.1 General

Pre-start activities include filling of the waterways and subjecting the valves and/or gates on
the high and low pressure sides of the machine to water pressure, followed by filling of the
machine. Except where the valves and/or gates on the high and low pressure sides of the
machine cannot be operationally separated from the machine itself and are, therefore,
considered to be part of the hydraulic machine commissioning. Filling of the waterways is not
part of this guide, and the commissioning co-ordinator can rely on these activities to be
coordinated by the operator. Nevertheless as such activities can be critical to the general safety
of the hydraulic machine and the facilities, the commissioning co-ordinator can request the
operator to confirm that the appropriate checks and tests have been satisfactorily completed.

5.3.2 Prior to filling waterways

Where the valves and/or gates on the upstream and downstream sides of the hydraulic machine
cannot be separated from the machine, the commissioning of these components shall be done
under the direction of the commissioning co-ordinator. The commissioning co-ordinator should
review the documentation and records prior to filling the waterways and subjecting components
to hydraulic pressure, to check that:

1) installation, alignment and testing of the valve and/or gate equipment including the
operating mechanism and auxiliary equipment are complete, such that the equipment can
be pressurized;

2) the valves and/or gates are closed and fully locked in accordance with appropriate safety
procedures;

3) sufficient procedures and facilities are in place such that unforeseen leakage can be
handled without compromising the safety of the hydraulic machine or the complete facility;

4) operational checks and tests that will be difficult or impossible to conduct once the waterway
is filled are completed;

5) the de-watering of the waterways if necessary shall be possible in a reasonablemmuments
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The commissioning co-ordinator shall confirm that any special instrumentation, installation
and/or tests agreed to by the supplier and the operator are in place or have been completed.
This could include measurements to check for movement in the supporting structures for the
hydraulic machine or checks on rigidity and/or resonance in the supporting structure.

The inspection of all waterways and the removal of all foreign or loose objects should be
performed. The cleanliness status should be recorded on a common protocol signed by all the
parties involved in this inspection.

5.3.3 Filling waterways

The sequence for filling of the waterways will depend on the design of the power plant.
Arrangements can include:

— Plants with no valves or gates to isolate the machine from the upstream or downstream
waterways. This is common for low head machines. For this plant design, the steps identified
in 5.3.4 and 5.3.5 shall be followed as filling of the waterways is coincident with filling of the
machine.

— Plants with valves or gates to isolate the machine from both the upstream and downstream
waterways. For this plant design, the waterways on both the tailwater side and headwater
side shall be filled prior to filling the machine.

— Plants with valves or gates to isolate the machine from the upstream but not downstream
waterways. For this plant design, the waterways on headwater side will often be filled prior
to filling the machine. If for construction and/or logistic reasons it is desirable to fill the
machine from the tailwater side prior to filling the upstream waterways, it shall be considered
that, depending on the tailwater level, the valve or gate on the upstream side of the machine
can become subject to reverse pressure where there is water pressure on the downstream
side of the valve or gate and no water on the upstream side. Also, the steps identified in
5.3.4 and 5.3.5 shall be followed when filling the machine.

— Plants with valves or gates to isolate the machine from the downstream waterways but not
the upstream. For this plant design, the waterways on the tailwater side shall be filled prior
to filling the machine. If downstream gates or valves are not designed for upstream-pressure
they shall be opened to avoid overpressure.

For each of these approaches the steps identified in 5.3.4.and 5.3.5 shall be followed prior to
filling the upstream waterways.

NOTE Upstream means on the high pressure side of the machine and downstream means on the low pressure side
of the machine.

5.3.4 Prior to filling machine

Before the machine is filled with water, the generator/motor-generator, as well as auxiliary and
stand-by equipment, shall be checked. At least the following items shall be checked if applicable
and results recorded by the commissioning co-ordinator.

1) Inspection of all water passage of the hydraulic machine and removal of all foreign or loose
objects (these might cause damage). The cleanliness status should be recorded on a
common protocol. If required, the measuring sections and pressure taps for future turbine
acceptance tests shall be checked and confirmed as satisfactory and dimensions recorded
as appropriate.

2) Calibration of scales for control devices such as guide vane openings and runner blades,
where applicable, needles and deflectors, including their cam relationships.

3) Operation of pressure oil units, hydraulic shut-off valves, pressure relief valves, hydraulic
governors, automatic and manually-operated starting and stopping devices and signalling
devices.

4) Oil levels and pressures in governor system; condition of all oil filters.

5) All protective devices, such as oil level, pressure and temperature alarms and 5I8yé, with

adjustment if needed. uments
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6) Opening and closing times of governing elements and their functions, e.g. guide vanes,
runner blades of turbines with movable blades, needles and deflectors of impulse turbines,
pressure relief valves together with safety devices for pressure relief valve malfunction
and, if possible, command signal dead band.

7) Opening and closing times of valves or gates (if possible), and their function.

8) Operation of leakage and drainage pumps and lubricating pumps.

9) Oil, grease and water supply to all bearings and seals requiring lubrication or cooling.
10) Operation of the braking system of the unit.

11) Proper fastening of all covers (e.g. man-hole, ...).

12) Blades of movable runner blades turbines set at a position to avoid unwanted rotation after
filling water passages due to leakage.

13) Operation of the water level depression system and refilling system and its control devices.
14) Operation of the disengageable coupling mechanism.

15) Dewatering system.

NOTE 1 Dewatering pumps and related piping systems and devices are commissioned with their final power
supply. If any “non-final” equipment is used instead (temporary drainage pump, temporary power supply), they
are tested under real conditions and demonstrate performance and reliability equivalent to the final powerhouse
equipment.

16) Orifices list.

NOTE 2 All the orifices installed on the machine (whether in oil or water circuits) are listed with their actual
diameter and theoretical value. As they are defining the operating times of guard valves or adjusting mechanism
(nozzle, distributor, etc. ...), they are considered as safety related devices and are therefore monitored closely
(i.e. any change or modification of the orifice is recorded in the list and consequences on operation safety are
assessed by specialist in charge).

17) Water filters.

NOTE 3 All the water filters (whether on cooling water systems, or on water circuits for control devices) are in
clean condition, and their closing and fastening is been checked properly. Automatic filters or strainers are fully
tested in dry condition prior to water filling.

18) Locking devices.

NOTE 4 All the applicable locking devices, whether mechanical locking of inlet valves, distributor or individual
locking of drainage or air vent valves are in position. The person in charge of the locking has monitored the
theoretical position and actual locked position of the device. The key of the locks (when applicable) remains in
the hands of the responsible person only.

19) Maintenance seal.
NOTE 5 Air compressor or service air used to apply an inflatable seal are available and commissioned, if any.

After the above checks, the main valves or gates shall be closed and locked (if applicable), the
hydraulic machine shall be closed (guide vanes or needles are pressurized in the closed
position and locked, if applicable), the brakes applied and the control system is operational.

When satisfied that all conditions have been met, the commissioning co-ordinator shall give
instructions for the machine to be filled.

5.3.5 Filling machine

Generally, the filling of the machine should start from the tailwater side.

The machine shall be filled slowly, and preferably manually either through a by-pass (of the
tailwater gate) or a small opening of the gate or stoplogs. If applicable, the guide vanes should
be opened for 3 % to 5 % of the guide vane opening. Depending on the tailwater level, a check
for leaks shall be made. Air vent should function properly and be checked. Leakage of the shaft
seal should be in the specified range.
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When the machine has been sufficiently filled or the pressure in the machine corresponds to
the tailwater level, the guide vanes shall be closed, the main valve or gate shall be opened or
the stop-logs removed.

After that, the machine can be slowly pressurized to head water pressure. However, for low
head plants with a downstream main valve or gate that is designed for headwater pressure, the
main valve or gate shall remain closed until the machine is pressurized to head pressure.

If there is a turbine main inlet valve, the machine casing shall be carefully filled and pressurized.
The casing of a machine with a distributor shall be pressurized through a by-pass valve, fill
valve or by slightly opening a gate (“crack opening position”) and checked before the main valve
is opened or gate fully raised. The operation of automatic protection devices which actuate the
bypass valve shall then be checked and the functioning of the valve itself tested.

The spiral casings of machines without guide vanes, can be partially pressurized only with the
tailwater pressure.

Automatic protection devices which actuate the intake or outlet gate or valve shall be checked,
especially the emergency gate or valve. The automatic locking devices shall be checked. If the
protective devices and the emergency gate or valve work satisfactorily and no unusual leakage
or deformation has been observed, an operational test shall be carried out on:

— the pressure relief valve, if any;

— the needles of impulse turbines (with deflectors diverting);

— the tailwater depression system of impulse turbines, if applicable.

If applicable, further tests, such as a water depression system and refilling test, shall be carried
out and the control devices adjusted.

5.3.6 Using the machine as a pump for initial filling of the penstock

The recommendation is not to do the initial filling of the penstock using the hydraulic machine
as a pump. This can cause damage to the hydraulic machine due to high vibration and
cavitation.

5.4 Initial run

The purposes are: identify abnormal phenomena between rotating and stationary components
such as noise, scraping, resistance or blocking; check tightness.

The commissioning co-ordinator gives permission for initial run of the turbine. It could be an
advantage to rotate the machine by manual methods before the initial run, if possible.

The high pressure lifting oil injection system should run (if applicable) in manual mode and the
brakes should be released manually; both systems should be kept in manual mode.

The maximum momentary speed is only a few revolutions per minute. Lubrication of the
bearings should be considered depending on the type of bearing. The speed shall not be too
high in order to minimise noises from the flow or ventilation. Nevertheless, speed might also
not be too low to avoid critical lubricating speed for bearings (e.g. horizontal units) or thrust
bearings (e.g. when no oil injection system is available).

NOTE 1 Self lubricated bearings: Manual oil lubrication before the initial run is performed to avoid dry contacts
between rotating and non-rotating parts.

For adjustable runner blades, blade position for the initial run should be agreed before the test,
taking into account specific risk analysis (e.g. load on thrust bearing, risk of uplift).
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The torque for the rotation of the machine is supplied by:

— in turbine direction by a short actuation of the opening device under manual control, or
starting device if applicable

NOTE 2 In the case of pump-turbines without movable guide vanes opening the main valve and/or a by-pass.

— in pump direction by a short actuation of the starting device.

Observations shall be done by the personnel at the locations where rotating and stationary
components have narrow distances, typically near the shaft bearings and seals but also with
emphasis on the air gap inside the electric machine (cover panels should be opened if suitable)
as well as the gap between runner and housing of the hydraulic machine.

In case of no abnormal phenomena the rotor runs out until standstill without applying brakes. A
tendency for the unit to rotate with leakage flow only shall be noted and then the brakes should
be applied.

NOTE 3 Bearing conditions are considered during the test.

If abnormal phenomena or leakages are observed, the machine shall be shut down and locked.
After correction of defects, the initial run should be repeated, if suitable with same or slightly
higher rotational speed.

5.5 Test operation period
5.5.1 General

The test operation period is following the initial run and is followed by test service period.

For units on a multi-unit plant the test operation period should be started one after another.
This gain feedback on the first unit in order to optimize test period on the following units.

5.5.2 No-load tests
5.5.2.1 General

During no-load tests the machine will be operated without connection to the electrical grid.

NOTE Because no-load operation increases fatigue to the runner, testing is minimised.
5.5.2.2 No-load tests mechanical

The purposes are: proof of the bearings and the alignment/balancing of the rotating parts;
test/adjust speed control and automatic system.

The required speed is typically 25 %, 50 %, 75 % and 100 % of the nominal speed. The torque
for the rotation of the turbine is supplied by actuation of the opening device, at the beginning
with manual control and with automatic control as soon as possible. The torque for the rotation
of the pump is supplied by the actuation of the starting device, if possible the runner shall be
de-watered and the labyrinth gaps cooled, otherwise the speed or the warming of the water in
the pump shall be limited.

Measurements to be done:

— rotating speed, vibration of bearing casing and shaft run out, radial and/or axial
displacements;

— signal of the opening devices;
— bearings and oil circuits: temperatures, level of filling;
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— static pressure in hydraulic machinery as well as penstock (close to the machine) and draft
tube.

Verifications to be done:

— bearings: temperatures (stabilized), oil circulation and pressures in lubrication and cooling
devices, function of self-lubrication if applicable. If oil foam or smell is observed, the cause
shall be located and eliminated,;

— opening devices: proper movement, low oscillations, synchronous movement;

— check balancing of the rotating parts, if necessary correct under consideration;

— speed measurement: stable quick responding signal, function of speed contacts;

— speed control: proper function, verification of speed set-points;

— shaft seal function;

— auxiliary systems: function of supply pumps and valves, control of measurement devices;
— start/stop sequences, safety devices, emergency shutdown;

— deceleration curve should be recorded and compared to the theoretical one.

At some agreed speed values, usually after the rated-speed no-load test, the action of the
braking system (also braking jets of impulse turbines) shall be checked.

If any temperature is excessive or increases too rapidly and not stabilizes after a certain time,
the unit shall be shut down and the causes of this phenomenon investigated and corrected.

After the no-load mechanical test at rated speed is completed and when the protection is
existing, the turbine speed is carefully increased, still under manual control, for checking the
action and function of overspeed protection devices. The opening speed (e.g. guide vanes) and
the acceleration of the turbine should be defined before the test. The test duration should be
minimised in order to avoid excessive stressing of the machine.

The first protection to be tested should be the electrical overspeed that is activated by the speed
governor (or auxiliary tachometer). In order not to stress the unit, the setting could be
temporarily lowered to check the shutdown is effective. Then the test could be repeated at the
nominal setting.

Before testing the actuation of the mechanical protection, the electrical protection setting could
be temporarily set a few percent above the mechanical overspeed setting to protect the turbine
in case of runaway.

During the tests, the behaviour of the unit shall be carefully monitored (noises, vibrations,
temperatures, pressure fluctuations in the water passages, guide vane opening curves ...).

The setting-speed for each device shall be measured and any necessary adjustments shall be
made.

After testing the overspeed protection devices, a visual inspection of the runner (and generator)
can be useful for large axial units (in case of unusual phenomena, see 5.5.4.5).

NOTE 1 In some specific cases, the test of the mechanical overspeed protection device can be performed later.
For example, in the case of low specific speed pump-turbines, the value of overspeed can be difficult to reach from
no-load speed, because of instabilities. In this case and further to agreement between the operator (owner) and
supplier, the test can be postponed and performed along with the load rejection test. In the meantime, the unit will
be protected by the electrical overspeed device, previously checked with lowered setting as mentioned above.

NOTE 2 Generally, an uplift could occur if the guide vanes are closing too fast (especially in cases of very low head
Francis and propeller turbines).
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5.5.2.3 No-load tests electrical

The purposes are: proof of the systems for excitation, electrical protection and other electrical
tests.

The required speed is typically 90 % to 110 % of the nominal speed in turbine mode with the
unit under automatic control.

5.5.2.4 No-load test in pump mode

Reversible machines with movable guide vanes will usually be started in the pumping direction
with the runner in air. It will then be necessary to provide cooling for the runner seals or
labyrinths and for the shaft seal. The provisions for this cooling shall be tested before rotating
the empty machine.

Hydraulic machines without movable guide vanes will usually be started as pumps with the
runner in water: in the case of reversible machines or of storage pumps with fixed coupling, the
electrical machine shall be brought to rated speed by the starting device.

In the case of ternary sets with a disengageable coupling to the storage pump, two cases shall
be foreseen:

1) coupling engageable only with unit at standstill: in this case the coupling will be engaged
and then the electrical machine will be brought to rated speed by the turbine;

2) coupling engageable on speed: in this case the coupling will be disengaged and the storage
pump shall be brought to speed by for example, a hydraulic torque converter with increasing
rate of filling of the converter, so that at the end normal speed will be reached. Then the
coupling to the electrical machine, started meanwhile by the turbine, shall be engaged.

If any abnormal noise, scraping or other phenomena are observed, or if an authorized
representative of any supplier so requests, the unit shall be stopped immediately.

5.5.3 First synchronizing

The purposes are: proof of the electrical system of the machine and the grid; synchronizing to
the electrical grid.

5.5.4 Load rejection and load run
5.5.4.1 General

This subclause describes the measurements taken at stabilized load levels and verifies that the
unit safely responds to a sudden loss of load.

NOTE Load rejection tests are executed before the next step of load increase and after the steady-state operation
is reached.

5.5.4.2 Load rejection tests
5.5.4.2.1 General

Precautions shall be taken of any limitations due to the waterways such as timing and rate of
flow changes, which could result in too high or too low pressures and levels (e.g. surge
chamber).
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The main purpose is to verify the variations of the pressure in the penstock and/or spiral case,
the speed of the rotor, possibly lift of the runner and the pressure in the draft tube during
transient conditions of load rejection. These values shall be compared with the calculated
values derived from transient simulation and further with the contract values. This can include
setting governor or safety orifices timing at different values than design rate. When adjustments
are made on governor or safety orifices, all tests which might be affected by the adjustment
shall be repeated.

In the case of modernization, load rejection measurements can be compared with pre-outage
values (if available).

Further the response time and performance of the turbine governor during load rejections at
different outputs shall be checked.

NOTE 1 Subclause 5.5.4.2 is valid for all types of hydraulic machines.
For test during transients, including change of mode of operation:

— check the functioning of governor and regulating devices, as well as that of the entire unit;

— determine the momentary pressure and speed variations of the unit to find their extreme
values;

NOTE 2 Closing and opening times of main spherical valve seals are considered. These times affect the dynamic
values (e.g. pressure).

— adjust the closing times of the guide vanes, needle valves, runner blades, deflectors and
opening times of pressure relief valves to minimise overspeed of the unit within the
permissible limit of pressure variations; the measured results shall be compared and in the
case of major differences the transient calculation shall be corrected;

— perform testing of the operation of other hydraulic and electrical equipment (e.g. circuit
breakers, transformers) etc., including protection and other automatic devices.

5.5.4.2.2 Procedure in turbine mode

The load shall be increased in steps and a load rejection test made at successively higher loads
up to the maximum expected load on the unit (e.g. rejections can be made at 25 %, 50 %, 75 %
and 100 % of rated load, as well as from the maximum load that can be agreed upon). Additional
tests shall be performed if more severe transients occur at different gate or needle positions
(e.g. Pelton turbines with small needle openings, or with different shutdown sequences).

NOTE 1 Because transient testing increases fatigue damage to the runner, testing is minimised. As an alternate
approach, transient testing can be performed at reduced load to calibrate numerical simulations. The numerical
simulations can then be performed at maximum load or extreme conditions to determine whether critical design
criteria are achieved.

Two rejections should be made at each predefined load. One rejection should be made under
governor control to no-load opening, the other should be an emergency shutdown by the stop
solenoid.

If specified, load rejection tests shall also be made by means of the emergency gate or valve
or by any other emergency device.

After the completion of each load rejection test, the pressure and turbine speed variations shall
be analysed to ensure that the specified safe limits will not be exceeded during the next higher
load rejection test.

NOTE 2 Generator full load heat run test usually starts after the load rejection test.
5.5.4.2.3 Procedure in pump mode

Before starting load rejection tests (energy supply interuption), no-discharge teslﬁhould be
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Discharge will be started from no-discharge conditions:

— for hydraulic machines without distributor, by opening the main valve according to a suitable
opening law;

— for hydraulic machines with distributor, by opening the main valve and (usually)
subsequently the distributor in a suitable sequence and according to a suitable opening law.

If the machine has adjustable runner blades, these shall be set at the proper angle.

Discharge tests should be carried out at various water levels in the reservoirs and therefore at
various pump heads.

Typically a normal pump shutdown is tested prior to any load rejection testing (energy supply
interruption) which corresponds to a low gate opening (guide vanes or main valve) load
rejection. At least two load rejection (energy supply interruption) tests should be made, at high
and low pump heads.

For a pump-turbine with movable guide vanes a low gate opening test and a best gate opening
test are necessary. Comparison with predicted results can indicate if other conditions should
be tested.

If specified, these tests shall also be made with closing of the emergency device and with
inoperative guide vanes, if applicable.

The test and adjustments shall be repeated until all sequences follow automatically in a
satisfactory manner, that can be relied on during normal operation.

After each load rejection test, the pressure and pump speed variations shall be analysed.

NOTE Motor-generator full load heat run test usually starts after the load rejection test.
5.5.4.2.4 Procedure for more than one machine at a common waterway

If there is more than one machine connected to a common waterway, the load rejections under
worst conditions (e.g. pressure, speed, ...) based on the transient calculations should be done.
Comparison of the test results with the calculated values shall be done.

It is advisable to approach the calculated worst case condition in reasonable steps.

5.5.4.3 Load run
For tests during steady-state operation, including synchronous condenser operation:

— to check, with an agreed accuracy, the output (input) of the unit, pressure and discharge of
the unit compared with the documents listed in 4.2;

— to check the unit for instability, vibration or cavitation and pressure fluctuations in the
guaranteed operating range;

Outside of the guaranteed operating range, it is not recommended to operate the unit in zones
of high vibrations and high risk of cavitation.

NOTE Tests beyond the guaranteed operating range can be reasonable in order to verify or increase the operating
limits.

5.5.4.4 No-discharge test (only for pumps and pump-turbines)

The purposes are in case of reversible pump-turbines: proof of the system for start-up of the
motor-generator and dewatering/filling of the pump-turbine’s runner.
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The purposes are in case of ternary units: proof of the system for start-up, acceleration and
engagement/disengagement of the pump’s runner.

The pump shall operate with its main valve or guide vanes closed and therefore under no-
discharge conditions for a short period only (typically less than 1 min), to avoid a dangerous
temperature rise of the water inside the pump. This period depends on the design of the
machine, its head and its input and shall be well defined beforehand. The unit shall be stopped
before the agreed permissible no-discharge operation period elapses.

NOTE Depending on the opening sequences of the guide vanes and the main inlet valve the pressure in the spiral
case can be different.

The unit shall be operating at rated speed with the motor-generator connected to the grid. The
temperatures of all bearings, oil and of the cooling water shall be continuously recorded. If any
temperature becomes excessive or increases too rapidly, the unit shall be shut down and the
reason for this phenomenon investigated and corrected.

For these tests,
— the hydraulic machine that has been started with its runner(s) in water shall have the main
valve and by-pass closed,;

— the hydraulic machine that has been started with its runner(s) in air shall be refilled. The
filling procedure shall be done carefully so that pressure and input increase smoothly and
so that no undue pressure or power peaks occur.

The time needed for reaching no-discharge operation and shut-off head (pressure in spiral case
or in front of the guide vanes) shall be recorded.

These no-discharge tests shall be repeated in order to allow the necessary adjustments of
different starting devices, such as coupling mechanisms, de-watering and refilling valves, etc.

Measurements and verifications mentioned for the no-load tests (5.5.2.2) are the same for the

no-discharge tests. Additionally the following measurements could be carried out:

— vibration and deformation of covers and bearing supports;

— vibration in the hydraulic machine, especially of shaft and guide vanes and of the motor-
generator.

5.5.4.5 Observations, measurements and recordings

During these tests, the test co-ordinator shall ensure, where possible, that the following
observations and measurements are made and recorded:

During steady-state operation (including synchronous condenser operation) and load rejection
tests:

— head and tailwater levels (or pressures);

— motor-generator output/input;

— strokes and closing times of guide vanes or needles (where applicable, of runner blades or
deflectors), opening and closing law and time of the main valve;

— pressure at turbine/pump inlet and outlet sections;
— axial thrust, if applicable;

— pressures and levels in oil pressure systems;

— operating times of oil pressure pumps;

— pressure differentials in servomotors (e.g. to check the safety margin) required for guide
vanes or needle opening and closure and pressure setting for emergency gate/valve
tripping, if applicable; (where applicable, of runner blades or deflectors):; ocuments
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— temperatures in bearings and seals;

— shaft seal functional parameters (e.g. pressure, sealing water discharge, leakage
discharge), if applicable;

— noise levels, if values are specified in the contract;
— abnormal noises, if any;

— vibration and other displacement of rotating and fixed parts (e.g. vibrations of shaft bearing
supports, radial and/or axial displacements of the shaft and vibrations of the guide vanes, if

any);
— action of air admission devices, if any;

— air injections time interval of depression system, if applicable.
Additionally during transients (including changing mode of operation):

— level variations at intake and surge tanks;

— time/speed relationship of the unit;

— maximum and minimum axial thrust, if applicable;

— opening strokes and opening/closing times for pressure relief valve, if any;

— pressure drop in the oil pressure system during the process of governing, and variation of
level in the oil pressure reservoir;

— action of vacuum breaking valves, if any;
— action of emergency valve or gate under flow, if specified;
— sequence and time for changing mode of operation;

— air consumption during a de-watering operation.

NOTE For lifetime optimisation strain gauges measurement on high loaded parts can be helpful (see IEC 62256).

If possible, an estimate of leakage through the turbine with closed guide vanes (or needles)
should be made, preferably just after the load rejection tests.

It is recommended that at the completion of the test operation period, an inspection of the unit
be carried out, e.g. to check for any possible rubbing contact which may have occurred.

If during the tests operation period unusual phenomena or potential dangerous vibration have
been observed, or if a runaway speed test has been performed, this inspection shall be carried
out prior to further testing.

Preliminary operating limits and restrictions should be established, considering vibration and
noise level, grid frequency variations, input limitations.

5.5.5 Additional tests for adjustable (variable) speed hydraulic machinery in
combination with a double fed generator/motor-generator

As for the adjustable (variable) speed of the hydraulic machinery, there are two controlled
objectives. One is the active power and the other is the speed. There is a relationship between
the active power and the speed, due to the “law of energy conservation”. Either the active power
or the speed can be the controlling parameter.

During pumping operation, it is hard to control the pump input by controlling the guide vanes
opening, since the pump input mainly depends on the speed.

The input power of the motor is controlled by the exciter. The difference between the motor
input and the pump input changes the speed, and a new speed results when motor input and
the pump input are balanced.
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Generally, there are two possibilities: power control and speed control. The exciter controls the
motor input whether using a set-point of power or speed.

The guide vane opening is controlled to the optimum opening to meet the pump input and the
pump head.

In turbine operation, the turbine output mainly depends on the guide vane opening, which is
controlled by the governor. Meanwhile, the exciter can control the generator output.

The response time of the exciter is far shorter than that of the governor.

There are two control methods existing by “the law of energy conservation” and the response
time.

One is that the exciter controls the generator output and the governor controls the speed. The
other is that the exciter controls the speed and the governor controls the turbine output.
Generally, these two control methods are alternated to optimize the operation.

Annex B provides further information about tests for the double fed adjustable (variable) speed
pumped storage system.

5.5.6 Operation modes and mode changes

Operation modes and mode changes should be tested. During these tests the parameters
mentioned in 5.5.4.5 should be recorded.

Responsibilities of each supplier (hydraulic machine, generator, control systems, etc.) in each
transition step should be clearly defined prior to the test and verified accordingly.

Depending on the type of the hydraulic machine different modes of operation can be realised.

Beginning with the mode:

— Standstill — ready to operate and

— Standstill — auxiliary systems in operation
The turbine with one direction of rotation can be operated within the modes:
— no-load;

— synchronous condenser operation (SCO) — turbine direction;

— turbine operation (between no-load and full load).
NOTE 1 A special realized mode is “line-charging” (see 5.5.8).

A reversible pump-turbine with changing directions of rotation in turbine and pump direction can
be additionally operated within the modes:

— synchronous condenser operation — pump direction, and

— pump operation.

Ternary units with independent turbine and pump runners can also be operated in the mode
— Hydraulic short circuit.

NOTE 2 *“Hydraulic short circuit” operation allows operation of a pump in a ternary unit even with a smaller available
grid power than necessary for pump operation. The missing power will be supplied directly from the turbine acting
on the same shaft line. Part of the pump discharge will be used to drive the turbine (see Clause A.21).
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The Figure 3 shows the different modes of operation of a reversible pump-turbine. The arrows
with numbers illustrate the direction of the possible mode changes:

Standstill — ready to operate (0)
A
01 10

A 4

(// Standstill — auxilliary system in operation (1) \
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Figure 3 — Modes of operation of a reversible pump-turbine

In the Annex A the different mode changes are described. In composed mode changes e.g.:
standstill to turbine full load (13:= 12 & 23) or from turbine operation to synchronous condenser
operation (turbine direction) (34:= 32 & 24) the intermediate step turbine no-load can be
skipped as a separate operation mode even if the operation mode situation actually exists for
a short time. This procedure shortens the total mode change time.

5.5.7 Control modes

Tests regarding the different control modes are described in the IEC 60308 where applicable,
otherwise by agreement between supplier and purchaser.

Additional tests on systems not belonging to the turbine could be useful.

5.5.8 Operation modes with particular functions

Examples for operation modes with particular functions are:

Black-start:

— Description: start-up of a hydraulic machinery in turbine mode without electrical power
supply from the electrical grid; the electrical power supply can come from a self-supply unit,
an emergency diesel generator or a battery.

— Testing: the start-up of the hydraulic machinery should be done with all elements connected
to the auxiliary power supply (without connection to the grid); it should be followed by the
electrical switching to an empty busbar, then the setting and control of frequency and
voltage should be tested; finally the system should be synchronized and connected to the
electrical grid.
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Line-charging:

— Description: Energizing of a high-voltage system (e.g. transformer with transmission line or
cable) without or with low load; due to the Ferranti-effect the voltage at the receiving end of
the system might be significant higher than the voltage at the sending end, i.e. the machine,
and transient electrical phenomena might be encountered.

— Testing: start-up or black-start of a hydraulic machinery with electrical switching to a busbar
connected to the high-voltage system, then the setting and control of frequency and voltage
shall be tested (with measurement on both ends of the high-voltage system); finally the
system shall be synchronized and connected to the electrical grid.

Operation of pump-turbines at the lower range of plant head:

— Description: at low head the characteristics of pump-turbines with low specific speed could
have an unstable region (S-shape), especially with small opening; measures to improve the
stability are possible, e.g. unsynchronized operation of single guide vanes.

— Testing: if applicable the operation in this region shall be tested, such as no-load speed and
synchronizing or shut-off of machines; in case of more than one machine working on the
same pressure conduit, the effect of the other machines on the S-shape instability should
be investigated.

5.5.9 Field tests for runaway speed

To avoid runaway speed multiple safety precautions are generally provided in the governing
system design. Therefore the probability for a hydraulic machine reaching runaway in its
operational lifetime is usually very small. If the operator elects to have a field test for steady
state runaway speed or if it is defined in the contract it shall be considered as a severe test
and, at a multi-unit plant, should be limited to one unit. It should also be limited to one
occurrence unless exceptional event.

The necessity for a runaway speed test (including benefits, lifetime impacts and risks) should
be evaluated by the operator early in the project, and its requirement included in the contract(s)
for both the hydraulic and electrical machinery. This test shall be run on new or complete
refurbished unit only.

All appropriate precautions shall be taken, prior to the test and the test procedure shall be
agreed upon between all involved parties. At least, the following items shall be taken into
account:

all auxiliary systems shall be fully operational;

— manual emergency shut down device shall be operational and tested,;

— test shall be performed during the commissioning period only;

— air gap, temperature and vibration limits shall be determined and agreed prior to the test;

— step by step speed increment with monitoring of critical values (vibration, temperature, air
gaps, etc.). Test duration at each speed increment shall be limited to minimum;

— an inspection of the hydraulic and electrical machine shall be done after the test to identify
any damages or irregularity.

5.5.10 Other tests

Consider 6.3.3 for special operating conditions.

5.6 End of commissioning

A report shall be prepared to document the commissioning. This report should include the
relevant recorded data, values of important parameters such as orifices etc. and if possible the
parameters, values and records listed in 5.5.4.5.
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