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Abstract: Electrical and control design of water conveyance facilities associated with hydroelec-
tric projects including associated penstocks, valves, and gates are described in this guide. Guid-
ance to plan and prepare designs is included. Installation, operation, or maintenance guideline 
and methodologies are not included. Design of new facilities and rehabilitation or replacement of 
existing facilities is covered. Comprehensive considerations for design, monitoring, control, protec-
tion, and operation of water conveyance facilities associated with hydroelectric projects is provided. 
Guidance in electrical and instrumentation work unique to water conveyance systems is provided. 
Guidance for the safe control of water release systems, bypass systems, and failure modes are 
provided. Reliability measures such as redundancy and power source considerations are provided. 
Gate and valve types and associated operating mechanisms are introduced. Power and non-power 
water conduits including penstocks, tunnels, and canals are covered.

Keywords: control, conveyance, design, electrical, gate, hydroelectric, IEEE 1827™, monitoring, 
penstock, protection, valve, water
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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 notic-
es 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/IPR/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 Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment 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 doc-
uments 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 develop-
ment 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 doc-
uments 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 appropri-
ate, 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: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS 
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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 pertain-
ing 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 concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating 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 require-
ments. 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 US 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 pro-
motion 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.
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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, non-commercial 
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Ser-
vice, 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, corri-
genda, or errata. An official 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 10 years. When a document is more than 10 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 develop-
ment 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 discrim-
ination 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 re-
sponsible 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 valid-
ity 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 1827™-2016 IEEE Guide for Electrical and Control Design of Hydroelectric 
Water Conveyance Facilities.

This Guide has been developed to provide guidance to the practicing engineer for design elements specific to 
water conveyance facilities associated with hydroelectric projects. Hydroelectric project water conveyance 
facilities are critical for emergency operation, regulating flow, and maintenance functions. The failure of water 
conveyance facilities has potential public safety, regulatory, equipment damage, environmental, and loss of 
human life consequences.

Project owners, operators, and stakeholders can use the guidance provided to plan and prepare electrical de-
signs that monitor, control, and protect the water conveyance facilities. Gate and valve design involves civil, 
environmental, electrical, mechanical, and structural engineering challenges and coordination. This Guide 
focuses on the electrical and control design challenges. An overview of the gate types and gate operating 
mechanism types is provided. Discussion of multi-discipline (i.e., civil or mechanical engineering) applica-
tion and gate type specific design are not included due to the unique system design and application specific 
criteria. Annex B contains Table B.1—Gate Types and Functions, which provides a comprehensive reference 
for specific applications. This Guide’s most valuable addition to the hydroelectric industry is found in the gate 
control, monitoring, and protection guidance.
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1.  Overview

1.1  Scope

This guide describes the electrical and control design of water conveyance facilities associated with hydro-
electric projects including associated penstocks, valves, and gates. The guide includes guidance to plan and 
prepare designs; however, it does not include details of installation, operation, or maintenance guidelines and 
methodologies. This guide is applicable to design of new facilities and rehabilitation or replacement of exist-
ing facilities.

1.2  Purpose

This guide provides a description of the terminology, as well as the design practices and principles used in 
modern electrical and control design of water conveyance facilities associated with hydroelectric projects. 
The practices and principles are not covered by other guides associated with hydroelectric facilities. This 
guide is for use by practicing engineers and provides guidance for facility owners and operators. The guide 
does not cover every possible variation that can be encountered, but it provides a working familiarity with the 
terminology and principles involved.

1.3  Use of this guide

This guide is intended for the practicing engineer who has some familiarity with electrical and control sys-
tem design. This guide provides a control hierarchy capable of standalone operation or interfacing with other 
systems. This guide provides comprehensive considerations for design, monitoring, control, protection, and 
operation of water conveyance facilities associated with hydroelectric projects. It provides guidance in electri-
cal and instrumentation work unique to water conveyance systems. It provides guidance for the safe control of 
water release systems, bypass systems, and failure modes. It provides reliability measures such as redundancy 
and power source considerations. It introduces the gate and valve types and associated operating mechanisms. 
This guide covers power and non-power water conduits including penstocks, tunnels, and canals. It does not 
include hydraulic turbines or their flow control devices (wicket gates, nozzles, etc.).

This guide does not cover:

—— Cascade river control systems or waterway navigation locks

IEEE Guide for Electrical and 
Control Design of Hydroelectric 
Water Conveyance Facilities
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—— Gates that are not normally connected to the hoisting mechanism (e.g., maintenance gates, stop logs, 
or bulkheads)

—— Features unique to hydroelectric turbine generator units and pumped storage considerations that are 
treated in IEEE Std 1010™1

—— Surge tanks and surge towers

—— Vacuum breakers and air admission valves

—— Dam monitoring systems (e.g., leakage flow, piezometers, and movement sensors)

—— Fire detection and protection

—— Irrigation systems

—— Cyber security

Pressure release valves (PRV) for conveyance system pressure transient protection are beyond the scope of 
this document.

1.4  Governing regulations

Local, regional, and federal regulations, codes, and laws should be consulted prior to designing/specifying 
equipment and conveyances. This may include safety, environmental, water permit, license, and heritage 
considerations.

2.  Normative references
The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the 
referenced document (including any amendments or corrigenda) applies.

ASCE Water Control Gates, Guidelines for Inspection and Evaluation, 2012.2

IEEE Std 80™, IEEE Guide for Safety in AC Substation Grounding3,4

IEEE Std 142™, IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems 
(The IEEE Green Book).

IEEE Std 515™, IEEE Standard for the Testing, Design, Installation, and Maintenance of Electrical Resis-
tance Trace Heating for Industrial Applications.

IEEE Std 998™, IEEE Guide for Direct Lightning Stroke Shielding of Substations.

IEEE Std 1010™, IEEE Guide for Control of Hydroelectric Power Plants.

IEEE Std 1020™, IEEE Guide for Control of Small (100 kVA to 5 MVA) Hydroelectric Power Plants.

IEEE Std 1050™, IEEE Guide for Instrumentation and Control Equipment Grounding in Generating Stations.

1Information on references can be found in Clause 2.
2ASCE publications are available at: http://www.asce.org/
3The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
4IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://ieeexplore.ieee.org/).
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IEEE Std 1100™, IEEE Recommended Practice for Powering and Grounding Electronic Equipment (Emerald 
Book).

IEEE Std 1248™, IEEE Guide for the Commissioning of Electrical Systems in Hydroelectric Power Plants.

IEEE Std 1249™, IEEE Guide for Computer Based Control for Hydroelectric Power Plant Automation.

IEEE Std 1692™, IEEE Guide for the Protection of Communication Installations from Lightning Effects.

NFPA 780, Standard for the Installation of Lightning Protection Systems5

USACE Manual EM 1110-2-2610, US Army Corps of Engineers, Mechanical and Electrical Design for Lock 
and Dam Operating Equipment.6

3.  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.7 

automatic control: An arrangement of controls that provides for operating equipment in a specific sequence 
and under predetermined conditions without operator intervention after initiation.

automatic water release: Automatic control or protection systems that control one or more gates in response 
to an automatic trigger, such as high reservoir level.

auxiliary gate systems: Equipment associated with gates but not part of the gate or gate operating mechanism. 
Auxiliary systems may include heaters, bubbler systems, lubrication systems, corrosion control systems, and 
power supplies.

backup power systems: Power systems provided as alternatives to the primary source of power.

bubbler systems: Compressed gas systems that provide a continuous stream of bubbles in the water.

centralized control: A control location that is remote from local control and from the equipment, but still 
within the confines of the facility (e.g., controls located in a gate control room or plant control room).

dewatering: Removal of water from areas. Commonly used to perform maintenance in the reservoir, struc-
tures, water conduit, or powerhouse.

gate: A water control structure containing a movable section that performs functions such as flood control, 
flow regulation, emergency closure, or dewatering.

NOTE—Refer to Annex B for gate types.

gate operating mechanism: A mechanism for opening and closing a gate, such as a motor operated rotating 
drum, including its associated hoisting cables, sheave blocks, etc.

hoist: A mechanical lift operating mechanism for a gate, bulkhead, maintenance gate, stop log, or other object.

5NFPA publications are available at: http://www.nfpa.org
6USACOE publications are available at: http://www.publications.usace.army.mil/USACE-Publications/Engineer-Manuals/udt_43544_
param_page/9/
7IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org.
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holding brake: A brake designed to prevent movement of the gate or its operating mechanism hoist when the 
drive motor is not energized.

hydraulic power unit (HPU): A component of a hydraulic type gate operating mechanism consisting of 
sump, pump(s), motor(s), and an optional pressure accumulator.

local control: Controls that are located at the equipment or within sight of the equipment it controls.

manual control: Control in which the system or gate, whether direct or power-aided in operation, is directly 
controlled by an operator.

off-site control: Control activity from one or more control centers remotely located from the facility.

outlet works: System of equipment and structures that releases water from a reservoir, and also lowers the 
reservoir within a reasonable period for flood control, flow regulation, water quality, or a combination thereof.

valve: A gate installed in a closed conduit.

water conduit: A conduit, such as a tunnel, pipeline, canal, or penstock, used to convey water from one loca-
tion to another.

4.  General considerations
Generally recognized design requirements for instrument, control, and protection systems are detailed in 
IEEE Std 1010, IEEE Std 1020, and IEEE Std 1249, as applicable. This guide addresses special considerations 
related to the systems and equipment in water conveyance facilities.

Fire hazards are a contributing factor to water conveyance facility reliability. Risk mitigation methods and 
facilities that should be considered include:

—— Fire barriers

—— Fire rated cables

—— Segregation of redundant equipment

—— Diverse routing of redundant cables

—— Addition of fire protection and suppression systems

Reference National Electrical Code ® (NEC®) NFPA 70 [B23]8, NFPA 70E [B24], NFPA 72 [B25], NFPA 101 
[B26], and NFPA 850 [B28] for further details on fire protection.9

4.1  Public safety

Operation of water conveyance facilities often poses significant risks to the safety of the public. For this rea-
son, public safety shall be taken into consideration during every stage of water conveyance facility design. 
Owners and designers are obliged to mitigate safety risks to required levels.

Specific safety systems may be required to achieve public safety objectives (e.g., an audible warning system 
when a gate is opened). Such systems typically require power, sensors, alarms, and cables. In some cases, 

8National Electrical Safety Code® and NESC® are registered trademarks and service marks in the U.S. Patent & Trademark Office, 
owned by the Institute of Electrical and Electronics Engineers, Incorporated.
9The numbers in brackets correspond to those of the bibliography in Annex A.
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communication systems and automatic gate operating mechanisms are required. Redundancy or back-up is 
often required for safety systems.

Site staff and corporate safety departments should be consulted when determining system requirements and 
during design reviews. Their local knowledge and experience is critical to ensuring safety is treated thoroughly.

Refer to 8.9 for additional public safety information.

4.2  Environmental considerations

Operation of water conveyance facilities often poses significant risks to the environment. For this reason, 
environmental protection should be taken into consideration during every stage of water conveyance facility 
design. Owners and designers are obliged to mitigate environmental risks to required levels.

Specific systems may be required to achieve environmental objectives (e.g., a fish diversion system to divert 
fish away from a power intake). Such systems typically require power, sensors, controls, alarms, and asso-
ciated cables. In some cases, communication systems and automatic actuators are required. Redundancy or 
back-up should be considered depending on the level of risk (see 8.1, 8.2, 8.3, and 8.4 for guidelines and 
recommendations).

A detailed discussion of environmental requirements is beyond the scope of this guide. See the following for 
further guidance:

—— Government regulations

—— Corporate policies and requirements

—— Operating or water use permit or license, or other environmental commitments

—— Operating environment

Devices and instruments used should be capable of operating under all expected environmental conditions. In-
stallation should also include any protective shrouds to reduce damage from snow, ice, brush, or other debris.

Field device specifications should include heavy duty and oil tight characteristics, corrosion ratings, quantity, 
rating, type of contacts, NEMA 4X or 6P rating, UL listing, operator lever type, type of material (e.g., steel, 
stainless steel), operating temperature range, copper or fiber optic leads, side or top mount, standard and ex-
tended operating ranges, installation instructions, and surge protection.

Much of the electrical supply system may be located outdoors and exposed to harsh environmental conditions. 
The following should be considered during the design and installation:

a)	 Extreme high water, flood conditions: Power cables should be protected from flooding for the worst 
water conditions or designed for underwater service. The effects of seiche should be included. Under-
water cable entrance and egress points should be designed for the maximum high level/flow condi-
tions. Panels, junction boxes, and cables should be designed with the appropriate NEMA 250 [B21] 
or IEC 60529 [B12] weather rating, oriented to prevent flooding, and equipped with passive drains to 
remove excess water.

b)	 Extreme cold: Friction may increase with low temperatures, increasing loads on motors to the point 
where they may trip on overload or stall. Motors may need to be sized or specific torque curves used to 
meet load demands with adequate safety margins. Equipment, oils, greases, etc., should be evaluated 
for reliable operation in the coldest conditions to be encountered. Some electronic equipment becomes 
unreliable or inoperable at low temperatures or can be susceptible to condensation and may require 
local heaters. Heat sources should be on reliable power supplies. Continuous monitoring of electrical 
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circuits is recommended (e.g., current monitoring). Redundant power sources should be considered. 
Heaters for buildings, gates, gate guides, gearboxes, and other items should be considered. For further 
details see the Guidelines for Inspection and Evaluation, 2012.

c)	 Electrical storms: Lightning can disrupt power and cause surges to remote equipment. Surge protec-
tion and proven grounding practices should be used to reduce damage. Lightning can disrupt power 
and communications to remote equipment. Lightning may cause safety issues for personnel. Equip-
ment grounding should include appropriate measures for personnel protection. Step and touch po-
tentials should be considered for operation of this equipment where lightning may occur. Lightning 
may also cause elevated local ground potential affecting electronic equipment. To protect equipment, 
design engineers can install direct stroke lightning shielding. Refer to IEEE Std 998. Surge protection 
devices and common mode voltage immunity may be required. Refer to IEEE Std 80, IEEE Std 1050, 
and IEEE Std 1692 for further information. Refer to NFPA 780 for installation of lighting protection 
systems.

d)	 Snow and ice: Snow and ice loading should be considered in the design of any mounting, structures, 
cabinets, cable routing, surfaces, or housings. Structures and equipment near bodies of water may 
experience ice loading higher than normal for the area. Water spray or wind, coupled with cold tem-
peratures can create high ice loadings in short amounts of time. Access for maintenance and operation 
may be restricted by ice buildup. Covers, snow screens, or local heating systems may be required to 
keep control equipment operational. Power and communications cable support, protection, and rout-
ing should consider extreme ice loading in cold climates. Snow and ice may adversely impact opera-
tion or exceed equipment design limitations. Conduit air vent heaters should be employed to maintain 
operation under iced conditions.

Anti-icing bubbler systems may be utilized to reduce ice buildup on trash racks, level sensing equip-
ment, submerged gates, and other structures. These systems are used to entrain air into the water up-
stream of a surface to prevent formation of ice.

Measures should be taken to protect gate operating mechanism power cabling and mechanical assem-
bly. Some examples of design solutions include:

1)	 A shroud that protects both electrical and mechanical systems.

2)	 Power cabling or hydraulic lines contained behind the guide rails in a protected channel integral 
to the mechanical assembly.

3)	 Thermal insulation and heat tracing of pipes, vessels, tanks, valves, instruments, and similar 
equipment (refer to IEEE Std 515).

4)	 Anti-condensation heaters and low temperature alarms may be provided for cabinets and junc-
tion boxes to avoid problems due to condensation, such as corrosion. Thermal insulation should 
be considered.

e)	 Extreme heat: Ambient temperature limits should be evaluated for all electrical and electronic equip-
ment. Appropriate de-rating factor should be incorporated into the design. Because the equipment 
may be outdoors, the temperature impact of sunlight should be considered. Equipment located in en-
closed housings or small buildings are particularly susceptible to increased temperatures due to solar 
radiation, which should be considered in the design.

4.3  Cables and conductors

Selection of cables, conductors, or buswork for use within or near water conveyance systems should take into 
account extreme temperatures, submersion (as necessary), and any protective jacketing or armor as necessary 
to mitigate damage from debris, adverse weather conditions, or human/wildlife activity. This would apply to 
all conductors used for power, control, and instrumentation.
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The routing of cables should protect their integrity and security through any expected natural and/or seismic 
events. Overhead conductors are often the least cost alternative, but are more vulnerable to weather, natural, 
and human caused events than cable in conduit. Care should be taken in routing of control and communica-
tions cables near power cables. The long distances that may be encountered tend to amplify interference issues 
and increase the surges that may be experienced on the power system.

Cables may need to be routed in water tunnels. They may be embedded in a concrete liner or supported along 
the inside of the tunnel provided that the stresses due to water velocity and pressure transients are accounted 
for in the cable and support design. Electrical cables and cable accessories should be designed for underwater 
service. For exposed cables, the presence of debris in the water should be considered.

Additional detailed discussion on the selection and installation of cables, conductors, and raceways may be 
found in IEEE Std 422™-2012 [B16] [See also 4.2 (Environmental considerations) and Clause 7 (Electric 
supply and distribution)].

4.4  Testing and commissioning

Thorough testing and commissioning is critical to the reliability of water conveyance equipment and systems 
because many of the gates are operated infrequently. Electrical tests that require particular attention for water 
conveyance systems are the focus of this section.

It is recommended that tests include the following:

—— End of range tests for all control, monitoring, and protection system inputs, outputs, and displays. 
These range limits should include emergency, abnormal, or unusual conditions. Inputs and outputs 
should include both communicated variables and non-communicated variables (e.g., 4–20 mA).

—— Full range of travel for all gates/valves.

Verify the equipment functions as intended under abnormal conditions. Some examples of abnormal condi-
tions are:

—— Extreme high or low water level

—— Simulated failure of a redundant component renders expected behavior

—— Gates function as expected when switches are in abnormal position (e.g., maintenance mode)

—— Type tests (e.g., electromagnetic noise interference, environmental extremes such as temperature, vi-
bration, humidity)

Ensure that all adjustable features, gauges, and switches necessary for operation are readily accessible and 
easily seen.

Operational interlock facilities may be required to prevent movement during instrumentation and control sys-
tems checks.

For general guidance with developing a testing and commissioning program see IEEE Std 1248.

Many of the systems are important to dam safety. The maintenance programs may be more rigorous and fre-
quent than routine preventative maintenance policies. Considerations include:

—— The extreme environments encountered by the systems and equipment may require changes to the 
maintenance intervals recommended by the manufacturers.
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—— Designs should reflect the possible need to test systems frequently. For example, mechanical equip-
ment may need to be rated for frequent open and close cycles under harsh environmental conditions.

—— Tests intended to identify hidden failures (e.g., failures that are not rendered evident through self-di-
agnostics, alarms, or routine and frequent inspections). This should include main and back-up power 
supplies, auxiliary hoist drives, redundant components, and integrity of surge protection and ground-
ing facilities.

—— Engineered test facilities (e.g., test or maintenance switches and valves).

5.  Site electrical layout and access
Water conveyance gates and valves may be located remotely from other structures and located outdoors. Of-
ten, this equipment is required to operate or be operated during abnormal weather or water conditions. The 
ability to access, control, and provide reliable power to the equipment should be thoroughly evaluated during 
design and installation. The following issues should be considered during design and installation:

—— Accessibility: Personnel access routes, and service and control locations should be accessible and safe 
during the most extreme conditions anticipated. Access routes should be evaluated for normal, alter-
nate, and emergency conditions. Physical locations of personnel while on-duty and off-duty should be 
considered when evaluating all access routes. Response time requirements should be evaluated.

—— Operability: Spillgates and other emergency gates should be operable under extreme high water (flood) 
conditions. Power supplies, communication and control cables, and operating equipment (motors, etc.) 
should be located to mitigate negative effects and protected from water and flood conditions. Consid-
erations include water impeding foot traffic areas, walkways, and roadways used to access equipment

—— Visibility: Environmental conditions may limit visibility of controlled equipment from control loca-
tions. These can include snow, rain, fog, smoke, and water spray. Control locations should be selected 
to provide reliable view of controlled equipment or remote indication may be required.

—— Security: Site layout and access affect security systems.

6.  Overview of gates and valves

6.1  Gate and valve types

The purpose of water conveyance gates and valves is generally one of the following:

—— Flood control

—— Flow regulation

—— Emergency closure

—— Dewatering

—— Water quality

Gates installed near the crest of a dam are often called spillway gates or crest gates. Radial (Tainter) gates and 
vertical lift gates are some of the more common types. Gates installed along a canal are often referred to as ca-
nal gates. Gates or valves installed at an elevation below the dam crest are often referred to as low level outlet 
gates or valves. Valves installed at a penstock take-off are often referred to as bypass valves.

When pumped storage plants are pumping, the intake structure is a discharge structure and the discharge struc-
ture is an intake structure. The intake gates and control systems should be designed to operate as a discharge 
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gate; and the downstream discharge gates and controls should be designed to operate as an intake gate. Opera-
tional considerations may, therefore, include using the intake and draft tube gates as protective devices.

There are a multitude of gate and valve types that are provided for various applications. More information can 
be found in Annex B.

6.2  Gate operating mechanism

Gates are typically devices that require some means of external actuation to either raise, lower, open, or close. 
This is accomplished through the use of some type of gate operating mechanism. Typically, gates are hydrau-
lically actuated, pneumatically actuated, or mechanically driven by an electric motor. For example, an electric 
motor may be connected to a gear box that actuates a lifting mechanism, such as a rotating drum, that lifts the 
gate via a wire rope or chain. These operating mechanisms should be capable of moving the gate throughout 
the range of actuation under normal and abnormal loading conditions. Human powered operation may be used 
for some small gates. It is also sometimes a backup method for larger gates. Gate operating mechanisms can be 
either fixed-in-place (fully dedicated to a particular gate or set of gates) or mobile (capable of operating multi-
ple gates or valves). In some cases, fixed, mobile, or rail-mounted cranes are used to operate gates. Depending 
on the application, provisions may need to be made for backup gate operating mechanisms (see 7.1).

More information can be found in Annex B.

6.2.1  Hydraulic

Hydraulic types may use either oil or water as the actuating fluid. Oil is the most common, with water used less 
frequently, such as on high head plants for turbine inlet valve or bypass valve control. Water pressure is also 
used to apply valve seals (e.g., spherical valve).

Advantages of water-based hydraulics include:

—— Environmental impact in the event of a spill is decreased compared with conventional oil.

—— High head plants can use the available penstock water pressure.

—— Ability to operate without electrical power if accumulator tanks or head pressure are used.

—— Pumping equipment not necessary.

Disadvantages of water-based hydraulics include:

—— Water actuated valves may be equipped with filters that can become plugged.

—— Water treatment may be necessary to inhibit equipment corrosion, and growth of organic organisms.

—— Hydraulic piping may require freeze prevention in most regions. Heat tracing on piping is often 
necessary.

Oil hydraulic gate operating mechanisms applied to gates typically require a hydraulic pressure unit (HPU) to 
drive the working fluid into one or more servos connected to the gate. For increased reliability, the HPU may 
be equipped with dual motor/pump units. Nitrogen filling systems may be employed to provide a pre-charge to 
the gate accumulators. Alternatively (or additionally) a fixed or portable back-up HPU may also be provided.

Advantages of oil-based hydraulics include:

—— Proven technology and reliability of system

—— Ability to operate without electrical power if accumulator tanks are used
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