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THIS IS A REDLINE DOCUMENT PRODUCED BY
TECHSTREET, A BUSINESS OF CLARIVATE ANALYTICS
I

This document is intended to provide users with an indication of changes from
one edition to the next. It includes a full-text version of the new document, plus
an indication of changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals
are using valuable new technologies like redlines, to help improve outcomes in a
fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document.
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Abstract: Inspection procedures and tests for use following the completion of the installation of
components and systems through to commercial operation are provided. This guide is directed to
plant owners, designers, and contractors involved in the commissioning of electrical systems of
hydroelectric plants.

Keywords: commissioning, electrical systems, hydroelectric power plant, IEEE 1248, testing
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its socicties and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
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non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://ieeexplore.ieee.org/
or contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s
standards development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1248-2020, IEEE Guide for the Commissioning of Electrical Systems in
Hydroelectric Power Plants.

This document is a guide for the commissioning of electrical equipment in a hydroelectric power plant. The
document was prepared by the Working Group on Power Plant Commissioning of the Hydroelectric
Subcommittee of the IEEE Energy Development and Power Generation Committee of the IEEE Power
Engineering Society (PES).

The group was formed at the 1990 IEEE PES Summer Meeting to provide guidance in the commissioning
of electrical equipment in a hydroelectric facility. The commissioning includes the installation of a new
power plant, the rehabilitation of an existing power plant, or the upgrading of equipment in an existing
power plant.

The group was reformed at the 2013 PES annual meeting to review and revise the guide for current
technology and practices.

This guide is intended to be used as a reference document for practicing engineers in the hydroelectric
industry.

The guide includes an index of systems, equipment, and tests that provide information on the checkout and
commissioning of electrical equipment in a hydroelectric power plant.

Members of the working group represent a cross section of the hydroelectric industry, including power
plant owners, designers, and equipment manufacturers.
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IEEE Guide for the Commissioning of
Electrical Systems in Hydroelectric
Power Plants

1. Overview

1.1 Scope

This guide describes tests performed and provides processes to be followed during the

commissioning of electrical and control systems in hydroelectric plants. Guidance for methods to be

used, organization, and execution of the testing are provided. While the guide does not provide

prescriptive procedures that are plant and equipment specific, tests are described along with

reference standards for more information. The commissioning of electrical equipment may be for a

new hydroelectric plant installation; rehabilitation of an existing hydroelectric plant; or replacement

and upgrade of existing electrical equipment.

1.2 Purpose

This guide is directed to hydroelectric the plant owners, operators, designers, and contractors

involved in the commissioning of electrical equipment and systems of hydroelectric plants. This

guide suggests inspections inspeetion and tests to be used following the completion of the
installation of components and systems through te-commercial operation. Fhis-guide-is-influenced

by—general North-American-terminology-and-practice—Minor adaptions adaptation may be required

for particular corporate structures and philosophies.
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1.3 Organization

12 Introduction

This guide was developed to assist engineers involved in the commissioning of electrical equipment

in regard to_the following:

—  Specific electrical equipment tests;-ane

— The Testing program for placing the equipment in operation-
The commissioning of electrical equipment may be for the following:

— A new hydroelectric plant installation;

— Rehabilitation of an existing hydroelectric plant; or

— Replacement and upgrade of existing eleetrieal-equipment.

The guide describes the development of a startup organization, followed by a description of the
commissioning phases of a hydropower plant. The principal information is contained in matrix
format for each major type of electrical equipment, which identifies the various tests that are

associated with the equipment. Information is provided for each specific test, including_the

following:

a) A brief description;

b) Supporting documents;

¢) Equipment required;-ane
d) Duration or time required-

Based on the above information, guidance is provided for planning, developing, and documenting a

commissioning program.
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This guide addresses conventional hydropower. Portions of the guide are relevant to pumped

storage plants, but the unique features of pumped storage plants are not specifically addressed.

The guide also contains a bibliography of industry standards, recommended practices, and guides
that may be used as resources by the engineer engaged in the commissioning of electrical
equipment. The listing is intended to be an aid in preparing for a hydroelectric plant startup or a

particular test. Review of relevant documents is encouraged.

2. References

All testing should be done in accordance with equipment specifications and contracts with reference
to and in conjunction with pertinent industry standards. The latest revision of the standards and
guides listed in Annex A should be used. A list of supporting documents, which includes both

bibliographic items and general documents, is provided for each test in Clause 9 of this guide.

2. Normative references

This guide does not contain normative references. Informative references are listed in Annex A.

3. Definitions,and acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary Online should be consulted for terms not defined in this clause.l

commercial operation: The point in time where the equipment, unit, or station is accepted by the

user for operation.

IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is

required for access to the dictionary, and one can be created at no charge on the dictionary sign-in

page.
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construction testing: Performing required inspections—and—tests to demonstrate ensure that
completed installations are in accordance with contract requirements and the latest engineering and

design information.

lead test engineer: Engineer that provides overall direction to the commissioning program.

operational testing: All testing required to verify system operation in accordance with design

requirements after the major components are eemponentis energized or operated.

performance testing: Testing conducted to evaluate the compliance of a system or component with

specified performance.

preoperational testing: All testing required for system components prior to energizing or operating

the major system component.

pre-startup testing (dry testing): All testing required prior to rotating the generating unit under
power (hydraulic or electrical) which are is unique to the unit and not associated with system

testing.

startup testing(wet testing): Operation Al testing of the generating unit from initial-powered

rotation to verify suitability for operation.

subsystem verification: Verification(system-eperational-testing): Testingto—verify that all of the

subsystems (i.e., excitation system, governor, protection, high pressure lubrication) systems required

for a main generating unit startup have been tested and are ready for operation eperational.

system testing: Preoperational testing to verify components of the system, and operational testing to
verify the coordination of the system components for proper design and operation of the system

functions.

unit: The generator or generators, associated prime mover or movers, auxiliaries and energy supply

or supplies that are normally operated together as a single source of electric power.
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3.2 Acronyms and abbreviations

BHP:brakehorse-power

CT current transformer

EMC electromagnetic compatibility

EMI/RFI electromagnetic interference/radio frequency interference
EUT equipment under test

LCI load commutating inverter

LTE lead test engineer

MCC motor control center eabiele

NFPA National Fire Protection Association

O&M operations and maintenance

OEM original equipment manufacturer

PCB polychlorinated biphenyl

PT potential transformer or voltage transformer
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UPS uninterruptible power supply
VT voltage transformer or potential transformer

4. Commissioning planning, roles, and responsibilities

4.1 Planning

A commissioning plan should be prepared that defines the roles and responsibilities of all entities

involved, outlines the various test procedures, and documents the commissioning results. The

following commissioning plan outline is recommended:

a) Administrative
b) Construction testing phase
- Electrical
- Mechanical
- Instrumentation
c) Preoperational testing phase

d) Operational testing phase

e) Performance testing
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Administrative procedures clarify the roles of all participants in the organization involved in the
project commissioning test program. Once the role of these parties is identified, a plan for the

turnover of equipment/systems from the_construction/erection contractor(s) to the owner should be

developed. Schedules of construction completion dates and all testing should be included with the
administrative procedures. The commissioning startap organization described herein is based on the
owner, engineer, and contractor having an active role in the startup-and-commissioning activities.
The responsibility of the various entities may shift slightly depending on their contractual

relationship. In general, the following description is a guide to those responsibilities.

Generic test procedures are typically prepared for the—eontractorsfoer-equipment testing during
installation referred to as the construction testing phase. These generic procedures describe
electrical, mechanical, and instrumentation verification that are discussed in Clause Clauses 7,

Clause 8, and Clause 9. Data sheets should be included in the procedures to record test results and

provide baseline data for later use when equipment maintenance is performed by the plant staff.

Preoperational test procedures are used during the preoperational testing phase that follows the
construction testing phase. These procedures provide all tests and checks necessary to verify ensure
that each plant system is functional before startup testing of the overall integrated plant commences.

The purpose of the preoperational these procedures is to verify that each system performs in

accordance with design requirements and is complete and safe to energize or operate.

hese procedures
outline tests to be performed on the major plant systems and components such as turbine-generator,
governor and controls, voltage regulator and excitation systems, relays and protection equipment,
and the various modes of starting, loading, and stopping each unit. This phase should be
coordinated with the vendor’s representatives supplying major components and with the operating

authority for the plant.
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Hydroelectric unit operational testing is made up of pre-startup testing, or dry testing, and startup,

or wet testing. Pre-startup testing are those tests to place the unit in service that are performed prior

to water up of the unit. Startup testing are those tests after the unit is watered up through placing it

in service.

Performance test procedures outline the tests to verify equipment performance meets

manufacturer’s stated guarantees and to quantify the initial baseline operational performance for

future reference.

The typical role of the participants of the startup organization is described in 4.2 through 4.5 belew.

4.2 Owner

The owner is usually the operator and provides the operating and maintenance personnel that

participate in the commissioning program. The owner’s representative usually:

- Reviews administrative, construction, preoperational and operational programs, and

schedules:
- Witnesses testing activities, as necessary, in support of the commissioning program;

- Provides coordination with offsite operating, dispatching, or interfacing agencies, as

required;

- Conditionally accepts equipment and systems for operation during the preoperational

testing phase;

- Accepts equipment, systems and facilities, subsequent to successful testing of these items,

and provides final acceptance of the project
- Operates all permanent plant equipment to support the start-up schedule;-and

- Makes final decisions in areas of disputes relating to test activities performed during the

test program
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4.3 Contractor

A Fhe contractor typically furnishes, installs, and tests the equipment and systems under the terms

and conditions of the contract. There may be multiple contractors performing work for different

scopes of supply, installation, and testing. Tests performed by a the contractor may be witnessed by

the engineer or owner. The contractor usually:

- Performs construction and preoperational testing on contractor-furnished equipment and

systems in accordance with test requirements contained within the contract;

- Performs construction testing on owner-furnished equipment in accordance with the

contract;

- Records test data results during construction and preoperational testing, distributes to the

engineer, and incorporates into the system turnover package;

- Implements tagging and work clearances on systems and equipment under the
jurisdiction of the contractor in accordance with the commissioning program tagging

procedure prior to turn over to the owner;

- Schedules completion of construction work and construction test activities to support the

overall commissioning program;

- Provides the engineer with status of contractor-furnished equipment and systems
deficiency list items; advises the engineer when turnover for preoperational testing will

occur on contractor-furnished equipment and owner-furnished equipment;

- Provides trade (craft) personnel required during construction and preoperational testing
by the contractor, and in support of preoperational and operational testing performed by

the engineer;

- Participates in the development of schedules for all phases of the commissioning

program;
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- Provides system deficiency list with equipment turnover and resolves all deficiencies;-ane

- Notifies the engineer of any engineering or construction deficiencies that will not allow

for proper testing and operation of any system-
4.4 Engineer

The engineer could be associated with the owner, contractor, or third party engineering firm. The

roles described in 4.4.1 and 4.4.2 may be filled by one or more engineers.

4.4.1 Project design engineering

The project design engineer typically provides the design documents to install and test the

equipment-based-on-the-manufacturer’s recommendations. The engineer usually:

- Provides all engineering documents and information necessary for completion of construction

and testing;-ane

- Furnishes engineers on-site to provide assistance on design and engineering problems:

4.4.2 Lead test engineer

The engineertypicallyprovides—a-lead test engineer (LTE) has the with overall responsibility for

coordinating and ensuring that construction, the-econduet-of pre-operational and operational testing

of owner and/or contractor furnished equipment, and the operational testing of contractor furnished

equipment are performed undercoordination-of the-owner.

The LTE should prepare the procedures required to implement the program and give final approval
to these procedures prior to owner review and approval. These procedures should be incorporated

into a commissioning manual. In addition, the LTE should

- Coordinate the need for vendor representatives during the operational testing phase;

- Work with the engineers and manufacturers to resolve design questions encountered during

the commissioning program;
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- Participate in the development of schedules for construction and preoperational testing of

contractor-furnished equipment and systems;

- Develop, in conjunction with the owner, schedules for preoperational and operational testing

of contractor-furnished equipment and systems;

- Review and accept ewnerfurnished equipment and systems that have been tested by the

contractor in accordance with construction test procedures

- Verify Perform preoperational and operational testing of all ewner-furnished equipment and
systems are performed;-ane

- Verify performance testing requirements are scheduled and performed

—Preoperational

—Operational
The LTE usually directs all activities to_help ensure a smooth, effective commissioning program and
is typically responsible for the overall conduct of the commissioning program for all project
equipment and systems. The LTE usually has primary responsibility for scheduling and directing
the efforts of those assigned to the performance of the commissioning activities. The LTE typically

coordinates the interface activities of the contractor for construction and the owner’s personnel

required to accomplish the commissioning program.
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4.5 Manufacturer/vendor

In addition to factory tests to be performed on manufacturer-furnished equipment, tests are typically
performed during the installation phase in accordance with the contract. These tests are performed
in support of the commissioning program and in keeping with the schedules for preoperational and

operational testing.

Manufacturer/vendor representatives are involved during installation and testing to verify the

equipment is properly installed and meets design and contract requirements. They may be involved

in_all four phases of the commissioning program. The responsibilities in each phase should be

clearly identified in the contract. For example, during the construction phase their role may be to

inspect or supervise the work of others. During the pre-operational and operational phases, they

may be responsible for conducting certain tests on their own equipment.

Typical manufacturer tests include the following:
- Unit alignment;

- Rotational runout-checks:

- Rotor diameter measurement;

- Rotor roundness measurement;

- Stator bore diameter measurement;

- Stator roundness measurement;

- Airgap measurement;

- Bearing alignment and clearances;

- Verification of temperature devices;

- Current transformer polarity-eheeks;
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- Braking system;

- Bearing oil lubrication system;

- Stator and rotor winding resistance measurements;
- Open circuit saturation test;

- Short-circuit test;

- Phase sequence test;

- Heat run;

- Overspeed tests;ane

- Load rejection tests-

5. Commissioning program phases

5 1 Commission ]

The commissioning program is usually divided into the following four #hree phases:—the

1) Construction test phase

2) Preoperational test phase

3) Operational or startup test phase
4) Performance testing
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5.1 Construction test phase

The construction contractor usually performs required inspections and tests to demonstrate ensure
that completed installations are in accordance with contract requirements and the latest engineering
and design information. The results of construction testing should be documented by the
construction contractor and turned over with release of the equipment for te—the preoperational

testing—greup. Construction testing generally includes_electrical, mechanical, and instrumentation

aspects as listed in 5.1.1 through 5.1.3.

5.1.1 Electrical

Examples of electrical aspects are as follows:

- Insulation resistance, partial discharge and high potential testing of electrical equipment and

cables:

- Continuity tests to verify cable routing;

- Initial operation of motors uncoupled (phase rotation check);

- Inspection and testing of electrical equipment (transformers, motor control centers,—ane

switchgear, etc.);-and

- Insulation resistance testing of electrical equipment, to be done prior to terminations (power

cables)

- Verification of cable terminations in accordance with design documents;-asne

- Equipment grounding verification

- Tests to verify plant communications system and networks
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5.1.2 Mechanical ¢ncluding piping)

Examples of mechanical aspects are as follows:

Pressure Hydrostatie testing of piping systems;

- Mechanical equipment alignment;

- Initial lubrication of mechanical equipment;

- Tank, cleaning and pipe, tube and duct piping cleaning (flushing);

- Inspection of mechanical equipment and piping systems;-ase

\ Mechanical Lures imol on

5.1.3 Instrumentation

Examples of instrumentation aspects are as follows:

- Testing of pneumatic instrument lines for leaks;

- Verification of proper grounding of shielded cables;

- Inspection of instrumentation and installation of instrumentation in accordance with design

documents:

- Calibration and setting of instruments and dedicated controllers

- Continuity tests to verify cable routing;

- Verification of cable terminations in accordance with design documents
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5.2 Preoperational test phase

Preoperational testing generally includes, but is not limited to, the following:
- Final checkout of electric motors;
- Checkout of motor operated valves, dampers, and gates;

- Checkout and verification of electrical control circuitry and software, through functional

testing;

- Calibration of electrical relays and meters;

- Verification of operator interface, control system programming, function and input/outputs

- Checkout and trip check tests of switchgear, motor control centers, and molded case breakers;

- Flushing of mechanical systems/subsystems;

- Blow down of station/instrument air lines:

- Verification of proper lubrication of generator and turbine bearings

- Verification of instrument calibration;

- Loop calibration of all instrument loops;

- Functional loop checkout of all instrument loops;

- Preoperational testing in accordance with approved preoperational test procedures;
- Vendor testing of supplied equipment and systems;

- Vibration testing of driven equipment;

- Visual inspection of all systems and equipment;-ane

- Verification of polarity and integrity of instrument transformer circuit eireaits:
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- Functional tests of auxiliary systems and equipment

5.3 Operational test phase

Operational testing is of complete systems to ensure systems and subsystems work together as

intended.

5.3.1 Electrical system operational testing

Operational testing of electrical systems generally consists of energization and placing the

equipment in service. It may include tests for breaker and protection coordination, operating

temperature, and power quality.

5.3.2 Unit operational testing

Operational testing of the turbine-generator unit generally includes, but is not limited to, the

following:

Soerationaltest; e indudes butis not Lmited

- Hydraulic operation of spiral case shut-off valves and proper setting of closing and opening

times;
- Wicket gate or nozzle alignment and verification of proper opening and closing times;
- Governor control setting verification;
- Verification of proper lubrication and cooling of generator and turbine bearings;
- Final check of unit braking system;
- Initial operation of the turbine-generator and bearing run in;
- Electrical and mechanical overspeed trip tests;

- Final setting of vibration shutdown sensors;
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- Voltage regulator and excitation system tests;

- Verification of proper generator to system phase rotation and synchronization;

- Testing and verification of electrical protection systems with load;

- Load rejection tests;

m—Performancerunsatpreseribeddoads;

- Operation and monitoring via plant control systems (local and remote);-ane

Coordinated testing with all plant units-

5.4 Performance testing

Performance testing are those tests done to demonstrate the performance of a system or equipment.

- Unit, and generator efficiency

- Power-gate relationship

- Performance runs at prescribed loads

- Turbine index testing

- Testing to develop and validate electrical system models for the following:

1) Turbine governor
2) Exciter
3) Power system stabilizer

- Generator temperature rise test
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6. Commissioning implementation

6.1 General

Throughout the construction and installation of the plant systems, construction supervisors and
engineers should perform the necessary inspections to ensure that completed installations are in

accordance with the latest engineering and design information.
6.2 Construction completion phase

During the construction phase, the construction contractor usually performs required inspections
and tests. The results of construction testing should be documented by the construction contractor

and turned over with release of equipment to the preoperational test group.
6.2.1 Electrical

All electrical equipment should be installed in accordance with design documents. Testing during

the construction phase should, at a minimum, include the tests listed in a}-e£5.1.1.
6.2.2 Mechanical

All mechanical equipment and piping should be installed in accordance with design documents.
Testing during the construction phase should, at a minimum, include the tests listed in bj-e£5.1.2 1.

Final coupling alignment_of rotating equipment should be performed after startup engineers have

operated the associated equipment satisfactorily. All equipment lubrication should be done during
this construction phase before turnover. The lubrication and alignment forms attached to this
procedure should be used to record the applicable data. Rotating equipment operational problem

corrective actions should be the responsibility of the construction group.
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6.2.3 Instrumentation

All instrumentation devices and piping should be installed in accordance with design documents.
Testing during the construction phase should, at a minimum, include those instrumentation system
tests listed in—e}-6£-5.1.3 +. Instrumentation changes that are required should be completed by the

contractor.
6.3 Preoperational testing phase

The LTE and staff should supervise the checkout and testing during this phase. They should ensure
that tests performed during this phase of the commissioning are conducted in accordance with

approved procedures prior to commencing with the next phase, which is operational testing.
6.3.1 Electrical

All system preoperational testing should be done during this phase by the construction contractor
and should include, at a minimum, those electrical system tests listed in 5.3-2. During verification of

the control system and control circuitry, drawings should be marked to indicate checkout is

complete.

6.3.2 Mechanical

L smechanicalaatd b ould bechedked-and | b il : | should.
i, include bamical listed in 512
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All mechanical equipment and piping should be checked euwt-and tested by the construction

contractor and should, at a minimum, include those mechanical piping system tests listed in 53.2.

6.3.3 Instrumentation

All final instrument calibration and testing should be done during this phase and should, at a
minimum, include those instrumentation system tests listed in 5.4:2. Loop checkout includes
checking each loop from the field device to the control board or final control device. This is normally

done by the startup group’s instrument test technician.

6.4 Operational testing phase and unit startup-and-eperational phase

The operational testing phase_and Fhe unit startup-and-eperational-phase should be accomplished

by the LTE, the owner’s plant organization, and the vendors’ representatives necessary to
demonstrate ensure satisfactory operation of the equipment being commissioned eemmissioned.
This phase includes all tests and checks that are necessary to facilitate ensure satisfactory station

commercial operation—{see-53-3}. This phase should include placing all systems in operation and

ultimately operating the unit being commissioned at full load. Operational testing also includes tests

performed to demonstrate the operational performance of the turbine-generator unit.

The unit startup and operational phase should be coordinated by the LTE and the owner’s

representative. Support services are normally arranged according to the following procedures:

- Contractors normally provide trade eraft labor as requested by the LTE in support of

construction and pre-operational activities.

- The owner normally provides operations and maintenance (O&M) personnel to support the

startup preoperational and operational activities.

- Construction contractors requiring vendor service support should coordinate their requests

with the LTE.
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- The LTE should help ensure operational testing of contractor-furnished equipment and

systems are performed.

The LTE usually directs all activities to ensure a smooth, effective commissioning program and is

typically responsible for the overall conduct of the commissioning program for all project equipment

and systems. The LTE usually has primary responsibility for scheduling and directing the efforts of

those assigned to the performance of the commissioning activities. The LTE typically coordinates the

interface activities of the contractor for construction and the owner’s personnel required to

accomplish the commissioning program.

6.5 Performance testing

Performance testing should be accomplished by the LTE, the owner’s plant organization, and the

vendors’ representatives necessary to demonstrate performance of the equipment, systems, and unit.

The performance tests should be coordinated by the LTE, plant operations and the owner’s

representative. Support services are normally arranged according to the following procedures:

- The owner or contractors normally provide trade labor in support of performance testing.

- The owner normally provides operations and maintenance (O&M) personnel to support the

startup preoperational and operational activities.
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7. Application of this guide

7.1 General

This clause provides a method for preparing and executing the commissioning of electrical and

other major systems in a hydroelectric plant.

Clause 8 identifies the equipment and systems in a hydroelectric facility in a matrix format. Each
matrix lists all tests that are typically performed on a particular piece of equipment or system to
verify its readiness for operation. This information along with Clause 9, which provides a brief
description of each test, are the keys_for planning commissioning activities. Using the matrices and
test descriptions, an engineer should be able to identify and schedule the required tests for

installing, checking, and verifying operational status of electrical equipment in the plant.

Typically, the LTE and contractors develop a schedule for the design, delivery, and installation of
equipment that will ultimately be commissioned in the plant. When the design is completed and the
equipment purchased, necessary information becomes available for developing test procedures used
for the installation checkout and operational verification. An equipment test schedule should be
developed in conjunction with the construction schedule for equipment and system installation.
Once the equipment and systems are identified, the matrices in Clause 8 list suggested tests to be

performed on various systems and equipment.
7.2 Using this guide to develop a test program

After the equipment and systems that are to be commissioned are identified, the material in Clause
Clauses 8 and_Clause 9 is then applied to develop the test program. An example of a simple

application is used to illustrate the process.
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The example assumes that the existing unit exciters in the plant have been replaced with new bus
fed static excitation systems. The test matrix for a static excitation system {see-8.1. 18 +7} is used to
develop a test schedule and test procedure to commission the new excitation systems. An example
The test matrix-from-84-17 is reproduced in Figure 1 with key components of the matrix highlighted.
An examination of the matrix shows major components of the static excitation system listed under
the column titled “Equipment/system.” The major components for the static excitation system
include the air cooling system, the rectifier bridge, the water cooling system (if employed), the field
breaker/leads, the controls, and the excitation transformer. Also included on the matrix are a number
of specialized tests used for verifying the readiness of the component or subsystem for operation.
For example, the control eentrols system is highlighted in Figure 1 and shows marks that are placed
in the test columns for visual inspection, circuitry checkout, and functional checks indicating that
these tests are recommended for verifying that the controls of the excitation system are ready for
operation. Descriptions of the specific tests listed for checkout of the controls of the excitation

systems are contained in Clause 9.

Recommendad Tests for
Statc Excitation System
|
81.18EXCITATION 5 2
SYSTEM - = 31 & »
St o £ & L E il 2| 2 s
3 X E ol 3 g
& Bl 4 5 T = s
B RE €| = g
= ¥ E 2 = & s
el B2 3l 2 -
' < 3
R 2| 3| &| 2
o . - . -
R sxilatices systen X
Pt negactic X X XIX|X
peneratoe (PMG) poet
Wotating de shut exciter X X XIXIN
Commutaiee snd eudés X N
Three-jluse oo'de exciter % X X|x|x
Rt fies hridge X X
A coolng syshan X X X| X X
Water cocling viscuits X XiX|X X
194 trakenieans X X|x X
LConencls X X X
Shdic exatalion system N X ‘(
Racafer btidge X X X
Aat cooling sasten X X'X|X X
— ———e -
Watee cocling system X X X|X X J
4 traskeoicads X|IX|X X
Corerd | X X
en L3 a
Exeitation trunsfomer f X X XX
Sipwegrs snd brasio / X X X
Equipment componens
X means test is recommended |

New

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:58:37 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1248-2020


http://www.avadocuments.com/doc/ieee-1248-2020
http://www.avadocuments.com/doc/ieee-1248-2020

Recommended tests /

Stalic excitation
Syptems coniro
8017 /y
EXCITATMN SYSTEMS /
4P
| 1B WElElE ]z ).
B | m = el
¥ £ E[SA |52 |E (el
u = |z |; = |= E -
|z & ! g “E EIE[EIE |2
% = ERFAERERE
S 2 2§ E] =
BEQUIFMENTS YSTEM :-_;l_z'-:, 2= :E = |2 g =
Modaimg exotaiion gy sem X
Three-phase acid: exciler / 1"\ X A EIES
|Rectifier leadie / X \\ X X
Al coolmg sysiem / X Al XX X
Weer conling circuss /) X X X X
[Feldbreakericats /' EIE]N X
Controls X X N X
Qatic excitagfn sydes JN\ X
Rectifer bridgf X X N X
Air :uu-]ﬂq.‘ﬂem X XXX X
Wl ulmg wvslem x A EE]
FuoMl breakernlends XXX I‘y
ontrls [ e & TN
Exciiation trensformer X X XX \

Equipment components, static excitation :-y:l:}\
"X means reco del vest Tor component \

(Peleted)

Figure 1—Example of equipment test matrix

One of the specific tests to be performed on the control system for the static excitation system, the

visual inspection test,{see-9-1-82} is reproduced in Figure 2 with key elements of the test highlighted.
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9.236 Visual inspection ~ All Equip
9.236.1 Description of test
Thes test covers al equipment m & bydroclectrc facility and assocsated swtchyards. All inspectioes should be

condacted by knowledgeahle persannel experienced with the type of equiy dled and conducted i srict
compliance with proper safety procedures.

Thes test should be conductod both s a prestant test and during wmitiel operatxon The purpese of the test is to visustly
and audibly mspect the equipment and %o ¢nsure that theee are no abnoemalties in the performance of the equipment
thst could indicane improper faocioning or weipient equpment fehre. The folkowing xhould be venified by
v el ‘wadible rpestion

8 Equpmen o clear of oll debrs and EBwegn maeral, especmlly metal proces accumulaned during the

etallne

b)  Shpping blocks and bencing are removed

¢)  EHquipment and components are chan insde il cutsido

d)  All electrical and mechanical conmectxors are tight

&) Umserminated wirsg i msulated wd stored ong of the way

) Fuses are of proper cliss sod rating

@) Look for missang or broken pards and inaulstion of basdng arsck o 1neking

B Check wring for mesdation srocks, bushings (or crcks oc trackng

) B gounding are in place.
1+ Evidence of moisture on msuliing and conducting parts
k) Leakspe in wates, nil, gas, or air systems
0} Ltegnty of mechaniesl interlocks and padlocking mechanisus
m)  Sale acces o oqpopment
n)  Abooermad lemperstures aller the egapment is encrgraad
o)  Abnocmal noises when equipment is in operation
p) [l s campl canding 10 1 and ficturer's dawings and instroctions
g Hqupment rameplie ratogs ore i sgreement with schematic digrams

8.236.2 Supporting documents

The reader 15 refemred 1 the O&M miousks fumishod with the oqupmens and all sch drawings of the
wotallation. These provide the necessary venficaiions and observations to be made dureg vousl ingedsons. Piet
experience is highly vadued in thes peocess

8.236.3 Equipment required

Addicnad egupanent i not usslly reqused other than that used foc exlibnein The ary el oo read
are furnished wieeh the equipment system

8.2.36.4 Duration/work required

The hrstxe) s vanahle dpendng on the sae and complaxity of the squipmert ot system. 3t can vary from msytes
for w single piece of equipment o days for large systems. The work effoe reflects the same varance for the same
Teason
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(Peleted)

Figure

2—Example of a test description

As can be seen, information about the test provides specifics on the description of the test, test

references, equipment required, and the time required to perform the test. It was compiled by

extracting the test descriptions from Clause 9 that correspond to the specific tests noted on the

equipment matrix and appending any equipment supplier recommendations and industry standard

procedures associated with the specific equipment.
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The information in Clause-9.2.36.1 briefly describes the test requirements. Supplemental information
may be required to completely describe the test requirements. The supplemental information may
include the original equipment manufacturers’ (OEM) recommendations or other industry
standards. All tests checked in the test matrix should be performed to verify the readiness of the

controls of the excitation system for operation.

A set of tests or a “test package” as shown in Figure 3 is recommended for use by test personnel to
verify operational readiness of the controls of the excitation system. Similarly, “test packages” are
developed for each of the other elements comprising the static excitation system. By combining the
requirements of each of these test packages for the various elements of the static excitation system,
the engineer should be able to develop a comprehensive test procedure for the entire system, have
knowledge of special test equipment and resources required for the entire checkout, and be able to

develop an accurate estimate of the time required to conduct the excitation system checkout.
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5238 Visual Inspection — A1l Equipmant
2381 Description of test
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Figure 3—Test package, excitation system control
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7.3 Coordinating commissioning tests of systems and units

Using all of the appropriate test descriptions, a complete testing program can be developed to
commission the electrical systems. Once the station and unit systems are tested and verified for
operation, the commissioning of a unit may begin. Refer to Figure 4 as a guide for developing a
plant-specific commissioning program. A hydroelectric unit includes the turbine/generator and all
support equipment for operating the units and delivering the electrical power to the utility system.

Unit testing follows the sequence of four testing phases: sub-system verification, pre-startup,

startup, and performance testing. The tests for unit startup are included with the turbine and

generator equipment matrices.

Commissioning overview
Application table for commissioning elecirical systems

Equipment testing leads to Support Ssytem Testing to Major System Testing to Unit Operation

Equipment Support Systems Major System Operation
AC POWEER-Low and meduim vol@mge
AC POWER-Motor control centers (600 W class)
AC POWER-Disimibution panels (500 V class)
CABLING
CATHODIC PROTECTION
COMPRESSED AIR
CONTROL SYSTEM - DIGITAL
CRANES
DC POWER—Batterias
D0 POWER —{Charzers EXCITATION SYSTEMS
DC POWER—Diztribution pansl CONVERTEERS
DEAINAGETNWATERING
ELEVATORS GEMERATOR
EMERGENCY POWER—UPS
EMERGENCY POWER—UPS disribution panal ANCILLARY GENERATOR
EMERGENCY POWEFR—Diesel zenerators SYWSTEMS SWITCHGEAR
FLOW MONTTORING = T
CREASTNG TERMIMAL EQUIPMENT
GROUNDING =
HEATING, VERTILATION, AND AR GOVERNOE. UNIT STARTUP
CONDITIONING I
HYDRAULIC SYSTEMS HIGH VOLTAGE
LCLCYCLOCONVERTER/AC Exl SWITCHGEAR
LEVEL DETECTORS
LIGHTING HYDRAULIC TURBIME
LUBE OIL
PBOTABLE WATER DISTRUMENTATION &
POWERHOUSE COMMUNICATION COMTROL
SANITARY WASTE
SERVICE WATER TRANSFORMERS
WASTE OIL STORAGE
ENVIRONMENTAL
FIRE DETECTION
FIRE PROTECTION—C 0y Gazses .
FIRE PROTECTION Water e
PENSTOCK EUPTURE MONITORING SYSTEMS
PROTECTIVE RELAYING )
SEISMIC MONITORING
SPILLWAY CONTROL

New
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COMMISSIONING OVERVIEW

APPLICATION FLOW CHART FOR COMMISSIONING ELECTRICAL SYSTEMS
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0P RE SRR ATR.

[0 POWER - Biteries
I POWER - Chargers
DC FOWER - Disiriburion Panel
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EMERGENCY FOWER « UPS Disirituion Pase]
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FILLW AY CONTROL

TERMINAL EQUIFMEM]
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Figure 4—Development of a plant commissioning program

8. Plant equipment

8.1 List of equipment and test matrixes

This subclause contains the tables for testing discussed in Clause 7.

8.1.1.

8.1.2.

8.1.3.

8.1.4.

CABLING

AC POWER-Low and medium voltage switchgear

AC POWER-Motor control centers (600 V class)

AC POWER-Distribution panels (600 V class)
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8.1.5. CATHODIC PROTECTION

8.1.6. COMPRESSED AIR

8.1.7. CONTROL SYSTEM

8.1.8. CRANES

8.1.9. DC POWER —Batteries

8.1.10. DC POWER—Chargers

8.1.11. DC POWER— Distribution panel

8.1.12. DRAINAGE/UNWATERING

8.1.13. ELEVATORS

8.1.14. EMERGENCY POWER — Uninterruptible power supply (UPS)
8.1.15. EMERGENCY POWER —UPS distribution panel

8.1.16. EMERGENCY POWER —Diesel generators

8.1.17. ENVIRONMENTAL

8.1.18. EXCITATION SYSTEMS

8.1.19. FIRE DETECTION

8.1.20. FIRE PROTECTION —CO2/Gasses Halorn

8.1.21. FIRE PROTECTION —Water

8.1.22. FLOW MONITORING

8.1.23. GENERATOR

8.1.24. GENERATOR SWITCHGEAR/TERMINAL EQUIPMENT

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:58:37 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1248-2020


http://www.avadocuments.com/doc/ieee-1248-2020
http://www.avadocuments.com/doc/ieee-1248-2020

8.1.25.

8.1.26.

8.1.27.

8.1.28.

8.1.29.

8.1.30.

8.1.31.

8.1.32.

8.1.33.

8.1.34.

8.1.35.

8.1.36.

8.1.37.

GOVERNOR

GREASING

GROUNDING

HIGH-VOLTAGE SWITCHGEAR

HEATING, VENTILATION, AND AIR CONDITIONING

HYDRAULIC SYSTEMS

HYDRAULIC TURBINE

INSTRUMENTATION AND CONTROL

LOAD COMMUTATING INVERTER/CYCLOCONVERTER

LEVEL DETECTORS

LIGHTING

LUBE OIL

PARTIAL DISCHARGE MONITORING

8.1.38.

8.1.39.

8.1.40.

8.1.41.

8.1.42.

8.1.43.

PENSTOCK RUPTURE MONITORING

POTABLE WATER

POWERHOUSE COMMUNICATION

PROTECTIVE RELAYING

SANITARY WASTE

SECURITY, PHYSICAL

8.1.44.

SEISMIC MONITORING
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8.1.45. SERVICE WATER

8.1.46. SPILLWAY CONTROL

8.1.47. TRANSFORMERS

8.1.48. WASTE OIL STORAGE

AFor transformer refer to the table in 8.1.44.

2 The telephone influence factor test is no longer relevant for use with modern telephone systems.
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8.1.1 AC POWER é
M-afdium- and low-voltage 5 ;
switchgear gl &
e| & B 2| 2 i ol 2| 2| E
Bl = 2 2 3| 5| 2| & £ S| & & = E| 5| E
System X X
Swirchgear cubicle X
Circuit breakers X X XX
Vacumum intermupter X X
5F6 intetruptar X X
Arc chmtes X
Current transformers X X| X XX X XX
Potential wansformers X X| X XX X X
Power cable X X|IX|X X
Conmol cable X X| X
Bus bar B I I ) X
Meters X X3 X
Relays X A X
Instruments X XX X
Contmol switches X X X
Selector switches X X X
Synchronizing pansl X X X
Ground cable XX
Fuses X X X
Power cable ngs X|X
Surge profectors X X
Ground sensors X X X X
Circuit intermapter X X
New
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8.1.2 AC POWER Motor
control centers (MCCs)
(600 V class)
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