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Abstract: Significant community acceptance and environmental compatibility items to be
considered during the planning and design phases, the construction period, and the operation of
electric supply substations are identified, and ways to address these concerns to obtain
community acceptance and environmental compatibility are documented. On-site generation and
telecommunication facilities are not considered.

Keywords: A-weighted sound level, commercial zone, community involvement, hazardous
material, IEEE 1127™ | industrial zone, noise, permitting process, residential zone, wetlands
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers), appear
in all standards and may be found under the heading “Important Notices and Disclaimers Concerning IEEE
Standards Documents.”

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA 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 makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or guarantee against interference with or
from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. 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
their 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: THE
NEED TO PROCURE 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 balloting process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is 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, nor 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 the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 Societies and subcommittees of the IEEE SA Board
of Governors 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 evaluating comments or in revisions to
an IEEE standard is welcome to join the relevant IEEE working group. You can indicate interest in a
working group using the Interests tab in the Manage Profile and Interests area of the IEEE SA myProject
system.! An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.>

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 constitute 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.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html.
2 Available at: https://standards.ieee.org/about/contact/.
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Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

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 promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, 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 Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. 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. 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 or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

3 Available at: https://standards.ieee.org/about/contact.
4 Available at: https://standards.ieee.org/standard/

Documents

5
Copyright © 2024 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:02:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1127-2023


https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/contact
https://standards.ieee.org/standard/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/contact
https://standards.ieee.org/standard/
http://www.avadocuments.com/doc/ieee-1127-2023
http://www.avadocuments.com/doc/ieee-1127-2023

Patents
IEEE standards are developed in compliance with the IEEE SA Patent Policy.®

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 https://standards.iece.org/about/sasb/patcom/patents. 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.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.

5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.
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Introduction

This introduction is not part of IEEE Std 1127-2023, IEEE Guide for the Design, Construction, and Operation of
Electric Power Substations for Community Acceptance and Environmental Compatibility.

This introduction provides some background on the rationale used to develop this guide. This information
is meant to aid in the understanding and usage of this guide.

This guide provides guidance and information to substation engineers on factors to consider for the public
acceptance and environmental compatibility of electric substations. Major changes in this revision include
reformatting the document so that community involvement is discussed under each phase of project
development instead of as a stand-alone clause. The site-selection clause (Clause 4) has also been
significantly expanded. Finally, a separate design clause (Clause 6) has been added.
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IEEE Guide for the Design, Construction, and Operation of Electric
Power Substations for Community Acceptance and Environmental

Compatibility

1. Overview

1.1 Scope

This guide identifies significant community acceptance and environmental compatibility items to be
considered during the planning and design phases, the construction period, and the operation of
electric supply substations, and documents ways to address these concerns to obtain community
acceptance and environmental compatibility. On-site generation and telecommunication facilities

are not considered.
1.2 Purpose

This guide provides guidance on community acceptance and environmental compatibility for new

substations or substation expansions.
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1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).6”

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

1.4 Organization

The guide is generally organized in chronological order from site selection to design and construction
and finally operations and maintenance; however, many of the activities discussed in the guide
overlap. For example, the permitting activities in Clause 5 occur throughout the process with some
permit considerations occurring at the beginning of site selection and others taking place during
construction. Also, many design considerations require more of an iterative process rather than a
chronological one. Therefore, users of this guide should be aware that some overlap of information

exists between clauses.

6 The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe

unavoidable situations.

7 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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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._
Accredited Standards Committee C2, National Electrical Safety Code® (NESC®).8-2%-2

IEEE Std 1402™, IEEE Guide for Physical Security of Electric Power Substations.!® 11

3. Definitions, acronyms, and abbreviations

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. 123

authority having jurisdiction (AHJ): Local, state or federal governing body, i.e., inspectors,

permitting agencies, etc.

A-weighted sound level (dBA): The representation of the sound pressure level that has as much as
40 dB of the sound below 100 Hz and a similar amount above 10 000 Hz filtered out. This level best
approximates the response of the average young ear when listening to most ordinary, everyday

sounds. Generally designated in dBA.

8+ The NESC is available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

22 National Electrical Safety Code and NESC are registered trademarks in the U.S. Patent & Trademark Office, owned by The

Institute of Electrical and Electronics Engineers, Incorporated.

10 JEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc. (http://standards.ieee.org/).

11 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.

123 [EEE Standards Dictionary Online subseription-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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commercial zone: A zone that includes offices, shops, hotels, motels, service establishments, or other

retail/commercial facilities as defined by local ordinances.

hazardous material: Any material that has been so designated by governmental agencies or

adversely impacts human health or the environment.

industrial zone: A zone that includes manufacturing plants where fabrication or original

manufacturing is done, as defined by local ordinances.
noise: Undesirable sound emissions or undesirable electromagnetic signals/emissions.

residential zone: A zone that includes single-family and multi-family residential units, as defined by

local ordinances.

wetlands: Any land that has been so designated by governmental agencies. Characteristically, such

land contains vegetation associated with saturated types of soil.

4, Site selection

4.1 General

A project to successfully design, construct, and operate a substation begins with proper planning.
Site selection can significantly impact the ability to achieve community acceptance and
environmental compatibility. Public perceptions and attitudes toward both real and perceived issues

can affect the ability to obtain necessary approvals and permits.

These issues can be addressed through presentations to the-governmental officials and the public.
Deciding on the location of the site and where to place equipment on that site, inspections of the
proposed site for potential environmental impacts, and measurement of ambient noise and
electromagnetic field (EMF) levels are some of the steps that can be initiated early in the project.
Failure to obtain community acceptance can delay the schedule or, ultimately, stop a project

completely.
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4.1.1 Site location and selection

The best site location and placement of the substation on a project site are influenced by many

several factors, each of which can affect the time and cost required to construct the substation

project. ~ineclading-butnetlimited-to The following list of factors is not all inclusive, but it shows the

variety of expertise required for substation site selection. Due to the large variety of expertise

required to be knowledgeable and effectively be able to address each factor, a team effort is often the

most effective method of selecting the best substation site. :

—  Proximity to electric load or generation

—  Proximity to transmission and distribution lines and availability of access for future lines
—  Substation size requirements—initial and ultimate layout (future expansion)

— Availability of adequate property and willing seller

— Vegetation—clearing requirements

— Community attitudes and perceptions

—  Location of nearby wetlands or bodies of water or environmentally sensitive areas
— Topography and soil conditions

—  Site contamination (obvious or hidden)_

—  Seismic considerations

—  Proximity to airports

— Local zoning, commercial, industrial, and residential neighbors

—  Permit requirements and ordinances

—  Proximity to other utilities—phone, water, and sewer
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— Drainage patterns and storm-water management

— Disturbance of archaeological, historical, or culturally significant sites

— Site accessibility—proximity to roads, overpasses and railways—insulation contamination

concerns

—  Aesthetic and screening considerations
4.1.1.1 Proximity to electric load or generation

There are benefits to both community acceptance and the electrical system in locating substations
near the electrical load or generation site due to shorter lines required. Typically, the overhead lines
(both transmission and distribution) provide more concerns to the public than the substation.

However, the location of the substation dictates some line routing considerations.

4.1.1.2 Proximity to transmission and distribution lines and availability

of access for future lines

The substation site selection affects the line routing for both transmission and distribution lines. The
line routing and right-of-way (ROW) requirements typically have a significantly larger impact on
the public than the substation as the ROW is adjacent to much more area. Siting a new substation in
an area where all the lines enter and leave the substation in the same direction can create a new
transmission corridor with several lines constructed in the same area. This not only impacts the

public with the corridor area with many lines, but it may have system reliability issues as well.

Substation layout considerations also may have an impact on line routing. Space limitations inside
the substation can restrict }zit where specific lines enter the substation, and the substation layout

may require unwanted line crossings or additional ROW requirements outside the substation.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:02:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1127-2023


http://www.avadocuments.com/doc/ieee-1127-2023
http://www.avadocuments.com/doc/ieee-1127-2023

Some transmission line designs utilize double-circuit structures to carry two transmission lines on
the same structure. This can have permit approval and system reliability implications. Some
governmental agencies are aware of the reliability issues and limit the amount of double-circuit
installation on high-voltage transmission lines. This can create the need for wider transmission

corridors to accommodate the number of lines entering a substation.
4.1.1.3 Substation size requirements

It is important to consider the initial substation construction requirements as well as future
substation expansion per the ultimate design in order to determine the substation size requirements.
The ultimate substation may require more area than what is inside the initial fenced area. It is
important to be aware of the number of existing and future transmission and distribution lines and
associated ROW requirements. There may be storm-water runoff requirements to consider such as
construction of a retention pond based on permitting. Accessibility to and from the site location with
respect to access roads is also a key factor. The transmission or distribution lines may require
additional ROW. There are benefits for substation design engineers to have more space to

accommodate different layouts or configurations to reduce ROW requirements from line routing.
4.1.1.4 Availability of adequate property and willing seller

The availability of adequately sized property with a willing seller can be an important aspect in site
selection. This may provide the utility with a partner in the community and may be a crucial aspect
of the ability to obtain permit approval to construct the substation on a preferred site. This will also

provide a communication point for developing community acceptance at any public hearings.
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4.1.1.5 Site vegetation

Proposed sites with heavy vegetation or a large number of trees should be evaluated for several
issues other than the cost of clearing. If the site is large enough to retain the vegetation as screening
around the site, consideration should also be given to the concern for security of a site that is not
readily visible for observation. An evaluation of the fire hazard created by the retention of such
vegetation should also be included. Permitting requirements and mitigation methods for the
removal of the vegetation or trees may be required. Water runoff considerations and the possible
need to permit the creation of wetlands should also be considered if clearing is required. In initial
site evaluation, the abundance of heavy vegetation may hinder the ability to provide a valid
assessment of the acceptability of the site due to the unknown topography behind or under the
vegetation. In cases where vegetation is left to screen the substation, transmission and/or
distribution line ROW clearing requirements should be considered to avoid future conflicts.

Vegetation clearing, management, or other perturbances in and/or around the proposed site and

ROW may require further evaluations by the authority having jurisdiction (AH]J) for protected

species. Protection of any identified species may require additional mitigation efforts. These

requirements may prevent an economical site development or prevent development of the site at all.

AHJs may also require that any removal of vegetation be replaced with native species and/or species

that match species within the site or area.

4.1.1.6 Community attitudes and perceptions

Consulting local community representatives helps develop a sense of their values and concerns,
providing important information for the site selection team to consider. In addition, this assists in

developing a good working relationship with the community._

Also consider the proximity to schools, playgrounds, parks, etc. where children are expected to be.

Substations have hazardous voltages within and can be an attraction to children.
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4.1.1.7 Wetlands

The design of any new substation should consider the protection of wetlands and groundwater from
sedimentation runoff, insulating fluid, and changes in storm-water discharge flows. Mapping
wetland boundaries and designing a facility that will minimize construction activities within or
adjacent to designated wetlands should be a priority. Use of an alternative site, when available, may
be considered, as government agencies may prohibit any disturbance to a designated wetland area.
The development of wetland delineation maps for the area may require field inspection during the
growing season. In northern areas snow can cover wetland areas and the delineation of wetlands

cannot be determined until warmer weather allows for vegetation and soil analysis.

A site-development plan is necessary for a substation project that borders wetlands. Such a plan for

the site and its immediate surroundings may include but is not limited to the following:
a) Land-use description
b) Grades and contours
¢) Location of any wetland boundaries and stream-channel encroachment lines
d) Indication of flood-prone areas and vertical distance or access to groundwater
e) Indication of existing wildlife habitats and migratory patterns_

The plan should describe how site preparation will modify or otherwise impact these areas and

what permanent control measures will be employed, including groundwater protection.
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4.1.1.8 Topography

The selection of an elevation for a substation yard should include consideration of environmental
factors in addition to accessibility, construction, and cost factors. A lower elevation in relation to
surrounding terrain and vegetation may improve concealment. This, however, can significantly
increase the impact on construction if the water table is high, if there is a ledge to be excavated and

removed, or if there is a flooding potential where storm hardening may be employed at the lower

elevation. Also, consideration should be given to balancing cut and fill quantities, to reduce the

minimize export and/or import of soil.

A flat substation yard is most desirable when considering substation design and operability. When
steep slopes are encountered, a stepped substation of two or more levels can be designed to achieve
flat areas within the yard. The slope of a substation yard should be designed to minimize erosion
and sedimentation potentials and should retard oil-spill containment in the more impermeable soils.
A sloped yard or swale will also lessen the extent to which side-sloped or retaining walls are
required to provide yard transition to the existing grade. Minimized slopes allow easier access of

vehicles and maintenance equipment required for effective operation and maintenance of facilities.

The soil conditions can have significant effects on the substation construction and resulting grading
design requirements. If there is a large amount of topsoil to be removed to provide adequate
support for the substation equipment, there may be benefits to purchase adequate property to

spread the unusable topsoil, or foundation spoils, outside the substation graded area.
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Sedimentation potential is likely to exist on sites. For exterior side slopes, the erosion potential
increases with both the length and the steepness of the slope. Because slope length decreases as the
steepness increases, a common solution for overall economy and minimal environmental impact is
to provide the steepest structurally stable slope, thus minimizing slope length. This is especially the
case where existing tree screening is important. Secondary measures to curb slope erosion include
the installation of top-slope diversion channels and intermediate benches cut into the slopes. Both of
these measures require additional cleared space. A solution that does not take space is the placement
of a layer of medium to coarse sand over the finer materials and beneath the topsoil. This solution
also assists in reducing the amount of moisture that could facilitate the growth of unwanted

vegetation.

4.1.1.9 Site contamination

There are many substances that if found on or under a substation site would make the site unusable
or require excessive funds to remediate the site before it would be usable. Some of the substances

under consideration are as follows:
a) Polychlorinated biphenyls (PCBs)
b) Asbestos_
c) Lead and other heavy metals
d) Pesticides and herbicides
e) Radioactive materials
f) Petrochemicals
g) Dioxin

h) Oil
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In addition to the preceding list, any substance that a government agency has determined to be a
hazardous material should be considered. Governmental guidelines for the levels of these
substances should be used to determine if the substance is present in large enough quantities to be of

concern.

All potential sites should have a historical review completed to review prior landowners and prior
use. In addition, all potential sites should be visited by personnel trained to identify potential
contamination sources at the site and from nearby areas. Soil samples from a substation site, as well
as samples of the materials used in the construction of any existing buildings or structures, should
be tested before acquiring or developing the site to determine if any substance listed above is
present in large enough concentration to require removal. It should be recognized that substantial
excavation and soil removal and disposal are normally required due to the installation of

foundations for new equipment and structures.

The cost of this removal and disposal should be considered before acquiring or developing the site.
If a cleanup is needed, the acquisition of another site should be considered since governmental
regulations can hold the current owner or user of a site responsible for clean-up of any
contamination present, even if substances were deposited prior to acquisition. If a cleanup is

initiated, all applicable governmental guidelines and procedures should be followed.

There can be a benefit to publicly cleaning up contaminated sites for the betterment of the overall

community. The substation owner is and then appears environmentally responsible to the

community.

4.1.1.10 Seismic considerations

Although the risk for seismic activity will likely be the same for the general area requiring a

substation, soil type, and distance from the fault line are two key considerations to reduce the

response impact from an event. Guidelines for the design of substation structures in a seismic area

are provided in IEEE Std 693 [B8]. Local building codes should be followed for control enclosures.
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4.1.1.11 Proximity to airports

The proximity of a substation and associated overhead lines can be negatively affected by their
proximity to airports. The airport location will require height limitations on both substation and
overhead line structures. These limitations can impact the number and height of transmission line
structures and the line route. Consideration should be given to potential interference with air

navigation system facilities.
4.1.1.12 Local zoning

Local zoning ordinances may place limitations on property usage or require zoning revisions to
property prior to obtaining approval to construct substation facilities. Other area property zoning or
property usage may also affect the permit approval process. For more information on permitting,

refer to Clause 5.

The number of residences or other buildings and structures within a certain distance of the proposed
substation may have an impact on site selection. Where several sites are selected as may be required
by permit requirements, governmental agencies may require documentation of affected commercial
properties, industrial properties, and residential properties as well as environmental areas affected

by the different solutions in order to select a site for permit approval.
4.1.1.13 Permit requirements and ordinances

There are federal, state, and local permit requirements that vary greatly. It is very important for the

site selection team to include someone familiar with the permit requirements for the area to be

considered prior to selecting a substation site. Refer to Clause 5, Annex C, and Annex D for further

permitting details.
4.1.1.14 Proximity to other utilities

The substation site may need communication phene service, potable water, or sewage disposal

facilities.
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The proximity of a substation for te-teeal-phonetines—or access to communications systems can

impact obtaining service; and providing the Zone of Influence for isolation.

Water may be obtained from municipal or cooperative water utilities or from private wells. The
quality of water supplied by municipal or cooperative water utilities is beyond the control of the
substation owner. The quality of water from private wells, however, can be controlled by location,
depth, and treatment. The limits on contaminants in well water should be in compliance with any

applicable governmental agency regulations before the well water is used.

Sewage may be disposed of by municipal services or septic systems, or the site could be routinely
serviced by portable toilet facilities, which are often used during construction. Where municipal
services are used for either water or sewer service, the requirements of that municipality should be
met. The municipality may consider the substation owner as a developer and apply the same
requirements for water or sewer main extensions that would be required of a typical developer

before service taps can be made.

Septic systems, when used, should meet all applicable governmental regulations.
4.1.1.15 Environmentally sensitive areas

Substation site selection should consider the impacts of sites near any navigable waterways or other
environmentally sensitive areas and may need special considerations to control water runoff and

contain oil spills from existing waterways.

Consideration of species and habitats that are protected by governmental regulation should also be

given when locating substation facilities. Efforts should be made to avoid or at least minimize

impact to protected species and avoid or reduce habitat loss. Regulatory permitting may be

necessary if avoidance cannot be achieved.
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4.1.1.16 Archaeological, historical, or culturally significant sites

Substation site selection should attempt to avoid disturbance to identified archaeological, historical,
or culturally significant areas. If unavoidable, permits may require documentation and mitigation of

these areas.
4.1.1.17 Site accessibility

Site selection should consider the existing roads and new access requirements for the installation
and removal of the longest piece of equipment including maximum slope and turning radius for the
transporting equipment. An equipment removal plan should be prepared for all major equipment in

the substation prior to deciding upon appropriate access roads.

It is important that substation access for construction, operation, and maintenance equipment
minimizes the effects on the local traffic flow. Blind road access can create traffic issues. The
provision of off-road parking for operations and maintenance vehicles can facilitate community
acceptance by promoting considerations of safety for both the public as well as the maintenance and

operations personnel who travel to the substation worksite.

Long access roads have been known to become meeting sites for illegal activities and dumping of
solid or hazardous wastes. These activities can be a concern to the nearby residents. The installation
of locked gates and fencing or vehicular barriers at access road entrances may be helpful in this

situation.

See IEEE Std 1402 for additional suggestions regarding substation security.

4.1.1.18 Aesthetic and screening considerations

Some substation site requirements require special considerations to provide screening from the

public for new substations. This may be a permit requirement.

13 Information on references can be found in Clause 2.
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Where tree screening is available, horizontal curves can be provided to block the view of the

substation from the street.

There are many aesthetic considerations that may benefit the site selection team to provide a priority

or preference rating on one site over another.

The aesthetic considerations are covered in detail in Clause 6-%.
4.1.1.19 Storm-water management

Where rapid scour by storm-water flow entering or leaving a substation yard is not a problem,
sedimentation-control features of substation design will be adequate by themselves. Where this is a
potential problem, site design should, to the extent possible, reduce the minimize changes to the
natural flow of storm water entering and leaving the site. Open stormwater flows across the
substation yard should be avoided. Drainage should be designed to route water runoff from the
substation to designated places to avoid flooding of access roads and nearby areas. Storm-water

management should conform to governmental agency requirements.

Considerations should be given to storm harden the substation to minimize outages and/or loss of

equipment due to severe storms. Hardening can include the following:

— Raising equipment, structures, and enclosures above the 100 vear flood plain or in coastal

areas above storm surge levels.

— Creating flood walls and gates to reduce water entry into the site. This approach may require

pumping facilities and backup power sources such as generation.
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4.1.1.20 Upstream considerations

Many Mest—fnet-all; communities have flood maps prepared under the auspices of governmental
agencies. These maps indicate stream floodways where construction is discouraged or prohibited,
and floodway fringes where construction is limited and subject to the approval of some governing
agency. If the substation site is outside of these floodway zones, the most frequent source of concern
is when the site includes stream control measures for a wetland that should be maintained.
Lowering or raising the elevation of this control affects the water level in the wetland. Since the
position of the control may, in the future, vary with the quantity of flow, the control should be
located, and its position preserved, throughout the entire range of stream flows. A substation yard
should not be situated where control would be affected. However, the access road may sometimes
be permitted to remain in the general area of the control if it is situated exactly at existing grade and
any stream crossing is made with a bridge. For wetland preservation, such a bridge and its
abutments need to be outside of the watercourse during normal flows, but not necessarily outside of
the stream’s floodway. This same bridge concept can be used to help preserve existing conditions

downstream.
4.1.1.21 Downstream considerations

It is often necessary to select those aspects of drainage changes least likely to adversely affect critical
downstream activities. The design should hold changes to a minimum at the point of these activities,
even at the expense of greater changes for less sensitive areas. The most common problem is the
acceleration of runoff due to pipe flow channelization, elimination of natural hills by smooth
grading, and hard paving. Corrective flow-retarding measures include providing rough channel
bottoms, usually in the form of large angular rocks, lengthening channels and thereby decreasing
slopes, and retention basins. Excessive retention will rarely cause a downstream problem except in

extremely arid areas where evaporation is significant.
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4.1.1.22 General design considerations

Where space permits, open ditch storm-water systems are generally preferable to pipe systems
because they are less costly, reduce minimize blockage problems, and usually provide better
retardation of runoff. The possibility of oil spills or the contribution of degreasers or solvents should
be considered in storm-water system designs. The consequences of not having adequate storm
drainage within a working area are usually limited to temporary shallow flooding and ice hazards.
Both of these consequences can be mitigated by applying additional crushed stone to problem areas.

Underground storage systems may be a cost-effective alternative when space is a concern.
4.2 Community considerations

Consider the optimal timing for meeting with local government and community officials to inform
them of the community need or electrical system need. These meetings are an excellent method of
soliciting feedback to determine critical issues regarding substation site selection; and help

strengthen working relationships with the local community. When acquiring substation property

near residential areas, perhaps partner with a third-party consultant to conduct a routing and/or site

study for determining optimal site location and transmission line path. Having a third party who is

unaffiliated with the utility conduct the study can demonstrate impartiality if condemnation

becomes necessary.

If appropriate or necessary, public open houses may be beneficial. The open house process should be
well planned and the team attending or presenting information should be well informed on the

project needs and requirements prior to the event.

The use of eminent domain or condemnation should be considered as a last resort if no compromise

can be made with landowners.
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5. Permits

5.1 General

A variety of permits may be required by governing bodies before construction of a substation may

begin. For the permitting process to be successful, the impact of the following factors on the

community and the environment may have to be addressed:

a)

b)

i

Site location

Level of groundwater

Proximity of wetlands and other bodies of water

Potential of existing hazardous materials

Need for potable water and sewage

Noise sound level

Proximity to airports

Aesthetics

EMF

Protected species and habitats

Additional factors influencing the number of permits required and complexity of the permitting

process for a project include (1) if the project is a new substation, (2) if it is an addition to an existing

facility, (3) if the substation is to be built within existing property boundaries, and (4) if the

substation is associated with a larger project, such as a transmission line, generating plant, or other

facility. For new substations, part of the site selection process should be to find, when possible, a

location where substations fall within acceptable land uses based on local zoning codes.
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