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FOREWORD

Numerous references are made to tables, figures, charts, paragraphs, sections, and chapters.
Unless stated otherwise, the tables, figures, charts, etc. referred to are found in this bulletin.
When the reference is not in this bulletin, the document is identified by title and source. Any
reference to agency means Rural Utilities Service.

References in this bulletin to “NESC”, “NESC 2012”, or similar are references to the National
Electrical Safety Code® (NESC®) (Accredited Standards Committee C2-2012).

ACKNOWLEDGEMENTS

Figures 9-6 and 9-7 of this bulletin are reprinted from IEEE Std 524-1992, “IEEE Guide to the
Installation of Overhead Transmission Line Conductors, Copyright 1992 by IEEE”. The IEEE
disclaims any responsibility or liability resulting from the placement and use in the described
manner.
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GENERAL
a Purpose: The primary purpose of this bulletin is to furnish engineering

information for use in designing transmission lines. Good line design should
result in high continuity of service, long life of physical equipment, low
maintenance costs, and safe operation.

Scope: The engineering information in this bulletin is for use in design of
transmission lines for voltages 230 kV and below. Much of this document makes
use of standard Rural Utilities Service (referred to as the “agency” or “RUS”)
structures and assemblies in conjunction with data provided in this bulletin.
Where nonstandard construction is used, factors not covered in this bulletin may
have to be considered and modification to the design criteria given in this bulletin
may be appropriate.

Since the agency program is national in scope, it is necessary that designs be
adaptable to various conditions and local requirements. Engineers should
investigate local weather information, soil conditions, operation of existing lines,
local regulations, and environmental requirements and evaluate known pertinent
factors in arriving at design recommendations.

National Electrical Safety Code (NESC): This bulletin is based on the
requirements of the National Electrical Safety Code® (NESC®) (Accredited
Standards Committee C2-2012). In accordance with the Code of Federal
Regulations 7 CFR Part 1724, agency financed lines are to be a minimum of
Grade B construction as defined in the NESC. However, since the NESC is a
safety code and not a design guide, additional information and design criteria are
provided in this bulletin as guidance to the engineer.

The NESC may be purchased from the Institute of Electrical and Electronics
Engineers (IEEE) by dialing 1-800-699-9277 or at the following website:

http://standards.ieee.org/about/nesc/

Responsibility: The borrower is to provide or obtain all engineering services
necessary for sound and economical design. Due concern for the environment in
all phases of construction and cleanup should be exercised.

Environmental Regulations: Agency environmental regulations are codified in
7 CFR Part 1794, "Environmental Policies and Procedures.” These regulations
reference additional laws, regulations and Executive Orders relative to the
protection of the environment.

The Code of Federal Regulations may be purchased from U.S. Government
Printing Office, P.O. Box 979050, St. Louis, MO, 63197-9000, or viewed online
at http://www.gpo.gov.

Agency environmental regulations may be found on the following website:

http://www.rd.usda.gov/publications/requlations-guidelines/requlations/electric.
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2 TRANSMISSION LINE DOCUMENTATION

a

Purpose: The purpose of this chapter is to provide information regarding design
documentation for transmission lines financed by the Rural Utilities Service.

General: Policy and procedures pertaining to construction of transmission lines
by agency electric borrowers are codified in 7 CFR Part 1724, “Electric
Engineering, Architectural Services and Design Policies and Procedures” and

7 CFR Part 1726, "Electric System Construction Policies and Procedures"
(http://www.rd.usda.gov/publications/requlations-quidelines/ ). The requirements
of 7 CFR Part 1726 apply to the procurement of materials and equipment for use
by electric borrowers and to construction of the electric system if the material,
equipment, and construction are financed, in whole or in part, with loans made or
guaranteed by the Rural Utilities Service.

Design Data Summary: When design data is required by the agency, a design
data summary (or its equivalent) should be submitted. Engineering design
information includes design data, sample calculations, and plan-profile drawings.
A ‘Transmission Line Design Data Summary Form’ (RUS Form 265), which is
included in Appendix A of this bulletin, has been prepared to aid in the
presentation of the design data summary. A suggested outline in Appendix A
indicates information that should be considered when preparing a design data
summary.

Computer-Aided Design: This bulletin contains requirements for transmission
line design by agency electric borrowers. It is recognized that there are computer-
aided design programs available that can be utilized to accomplish many of the
procedures and calculations described in this bulletin. Computer-aided design
programs that adhere to RUS and NESC design requirements, and are performed
by competent engineering personnel, are acceptable. Design data summaries and
other documentation required to be submitted by this bulletin remain the same.
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3 TRANSMISSION LINE LOCATION, ENGINEERING SURVEY AND RIGHT-OF
WAY ACTIVITIES

a

Route Selection: Transmission line routing requires a thorough investigation and
study of several different alternate routes to assure that the most practical route is
selected, taking into consideration the environmental criteria, cost of construction,
land use, impact to public, maintenance and engineering considerations.

To select and identify environmentally acceptable transmission line routes, it is
necessary to identify all requirements imposed by State and Federal legislation.
Environmental considerations are generally outlined in agency Bulletin 1794A-
601, “Guide for Preparing Environmental Reports for Electric Projects That
Require Environmental Assessments.” State public utility commissions and
departments of natural resources may also designate avoidance and exclusion
areas which have to be considered in the routing process.

Maps are developed in order to identify avoidance and exclusion areas and other
requirements which might impinge on the line route. Ideally, all physical and
environmental considerations should be plotted on one map so this information
can be used for route evaluation. However, when there are a large number of
areas to be identified or many relevant environmental concerns, more than one
map may have to be prepared for clarity. The number of maps engineers need to
refer to in order to analyze routing alternatives should be kept to a minimum.

Typical physical, biological and human environmental routing considerations are
listed in Table 3-1. The order in which considerations are listed is not intended to
imply any priority. In specific situations, environmental concerns other than
those listed may be relevant. Suggested sources for such information are also
included in the table. Sources of information include the United States
Geological Service (USGS), Federal Emergency Management Agency (FEMA),
United States Department of the Interior (USDI), United States Department of
Agriculture (USDA), Natural Resource Conservation Service (NRCS) and
numerous local and state agencies.

For large projects, photogrammetry can contribute substantially to route selection
and design of lines. Preliminary corridor location is improved when high altitude
aerial photographs or satellite imagery are used to rapidly and accurately
inventory existing land use. Once the preferred and alternative corridors have
been identified, the engineer should consult USGS maps, county soil maps, and
plat and road maps in order to produce small scale maps to be used to identify
additional obstructions and considerations for the preferred transmission line.

On smaller projects, the line lengths are often short and high altitude photograph
and satellite imagery offer fewer benefits. For such projects, engineers should
seek existing aerial photographs. Sources for such photographs include county
planning agencies, pipeline companies, county highway departments, and land
development corporations. A preliminary field survey should also be made to
locate possible new features which do not appear on USGS maps or aerial
photographs.

As computer information systems become less expensive and easier to use,
electric transmission utilities are using Geographic Information Systems (GIS) to
automate the route identification process. GIS technology enables users to easily
consolidate maps and attribute information from various sources and to efficiently
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analyze what has been collected. When used by routing experts, automated
computer processes help standardize the route evaluation and selection process,
promote objective quantitative analysis and help users select defendable routes.
GIS tools have proven very beneficial to utilities whose goals are to minimize
impact on people and the natural environment while selecting a constructible,
maintainable and cost effective route.

Final route selection, whether for a large or small project, is a matter of judgment
and requires sound evaluation of divergent requirements, including costs of
easements, cost of clearing, and ease of maintenance as well as the effect a line
may have on the environment. Public relations and public input are necessary in
the corridor selection and preliminary survey stages.
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TABLE 3-1

LINE ROUTING CONSIDERATIONS

Physical

Highways

Streams, rivers, lakes

Railroads

Airstrips

Topography (major ridge lines,
floodplains, etc.)

Sources

USGS, state & county highway department maps

USGS, Army Corps of Engineers, flood insurance maps

USGS, railroad

USGS, Federal Aviation Administration (FAA)

USGS, flood insurance maps (FEMA), Army Corps of
Engineers

e Transmission lines & distribution lines USGS, local utility system maps
e  Pipelines,(water, gas, sewer), USGS, local utility system maps
underground Electric
e  Occupied buildings Local tax maps, land use maps, local GIS maps
Biological Sources
e Woodlands USGS, USDA - Forest Service,
e Wetlands USGS, Army Corps of Engineers, USDA National Conservation

Waterfowl, wildlife refuge areas,
endangered species & critical
Habitat Areas

Resource Service, USDI Fish and Wildlife Service
USDI - Fish and Wildlife Service, State Fish and Game Office

Human Environmental

Rangeland
Cropland

Urban development

Sources

USGS aerial survey, satellite mapping, county planning
agencies, state planning agencies, state soil conservation
service, mining bureau, U.S. Bureau of Land Management,
NRCS

e Industrial development
e Mining areas
Recreation or aesthetic areas,
national parks, state and local parks y,

e  Prime or unique farmland USGS, soil surveys, USDA - NRCS, state department of
agriculture, county extension agent

e lrrigation (existing & potential) Irrigation district maps, applications for electrical service, aerial
survey, state departments of agriculture and natural
resources, water management districts

e Historic and archeological sites National Register of Historic Sites (existing), state historic
preservation officer , state historic and archeological
societies

e Wild and scenic rivers USGS maps, state maps, state department of natural resources,
Department of Interior

Other Sources

Federal, state and county controlled
lands

USGS, state maps, USDI Park Service, Bureau of Land
Management, state department of natural resources, county
maps, etc.
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Reconnaissance and Preliminary Survey: Once the best route has been selected
and a field examination made, aerial photos of the corridor should be reexamined
to determine what corrections will be necessary for practical line location.
Certain carefully located control points should then be established from an aerial
reconnaissance. Once these control points have been made, a transit line using
stakes with tack points should be laid in order to fix the alignment of the line. A
considerable portion of this preliminary survey usually turns out to be the final
location of the line.

In many instances, after route has been selected and a field examination made,
digital design data on a known coordinate system such as the State Plane is used
for centerline alignment and profile. This alignment is provided to surveyors in a
universal drawing file format. The surveyors then convert it to a format used by
their field recording equipment. Once the project location is known, base control
monuments are established along the route at 2 to 5 mile intervals, depending on
topography, with static Global Positioning System (GPS) sessions from known
horizontal and vertical control monuments. GPS equipment and radio transmitter
equipment occupying the base monuments broadcast a corrected signal to roving
GPS unit(s). These GPS units, with the use of an on-board field computer, allow
any point or any line segment along the route to be reproduced in the field. The
roving unit can be used to locate and verify wire heights at crossings, unmarked
property lines or any routing concerns that may come up locally. The equipment
can also be used to establish centerline points in open areas so that conventional
survey equipment can be used to mark the line in wooded areas for clearing
purposes. Once the right-of-way has been cleared, all structures can be staked
with the Real Time Kinematic-Global Positioning System (RTK-GPS) equipment.
Since this entire process uses data of a known mapping plane, any position along
the route can be converted to various formats and used within databases.

Right-of-Way: A right-of-way agent (or borrower's representative) should
precede the preliminary survey party in order to acquaint property owners with
the purpose of the project, the survey, and to secure permission to run the survey
line. The agent or surveyor should also be responsible for determining property
boundaries crossed and for maintaining good public relations. The agent should
avoid making any commitments for individual pole locations before structures are
spotted on the plan and profile sheets. However, if the landowner feels
particularly sensitive about placing a pole in a particular location along the
alignment, then the agent should deliver that information to the engineer, and
every reasonable effort should be made by the engineer to accommodate the
landowner.

As the survey proceeds, a right-of-way agent should begin a check of the records
(for faulty titles, transfers, joint owners, foreclosed mortgages, etc.) against the
ownership information ascertained from the residents. This phase of the work
requires close coordination between the engineer and the right-of-way agent. At
this time, the right-of-way agent also has to consider any access easements
necessary to construct or maintain the line.

Permission may also have to be obtained to cut danger trees located outside and
inside the right-of-way. Costly details, misuse of survey time and effort, and
misunderstanding on the part of the landowners should be avoided.

Line Survey: Immediately after the alignment of a line has been finalized to the
satisfaction of both the engineer and the borrower, a survey should be made to
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map the route of the line. Based on this survey, plan and profile drawings will be
produced and used to spot structures.

Long corridors can usually be mapped by photogrammetry at less cost than
equivalent ground surveys. The photographs will also contain information and
details which could not otherwise be discovered or recorded. Aerial survey of the
corridor can be accomplished rapidly, but scheduling and costs should be taken in
to consideration. Also, there may be some areas where trees and other vegetation
could conceal relevant ground features.

When using photogrammetry to develop plan-profile drawings, proper horizontal
and vertical controls should first be established in accordance with accepted
surveying methods. From a series of overlapping aerial photographs, a plan of the
transmission line route can be made. The plan may be in the form of an
orthophoto or it may be a planimetric map (see Chapter 10). The overlapping
photos also enable the development of profile drawings. The tolerance of plotted
ground elevations to the actual ground profile will depend on photogrammetric
equipment, flying height, and accuracy of control points.

Survey data can be gathered using a helicopter-mounted laser to scan existing
lines and/or topography. Three dimensional coordinates of points can be gathered
while also taking forward and downward looking videos. These points can be
classified into ground points, structure points and wire points.

If use of photogrammetry or laser-derived survey information for topographic
mapping is not applicable for a particular line, then transit and tape or various
electronic instruments for measuring distance should be used to make the route
survey. This survey will generally consist of placing stakes at 100 foot intervals
with the station measurement suitably marked on the stakes. It will also include
the placement of intermediate stakes to note the station at property lines and
reference points as required. The stakes should be aligned by transit between the
hub stakes set on the preliminary survey. The survey party needs to keep notes
showing property lines and topographic features of obstructions that would
influence structure spotting. To facilitate the location of the route by others,
colored ribbon or strips of cloth should be attached at all fence crossings and to
trees at regular intervals along the route wherever possible.

As soon as the horizontal control survey is sufficiently advanced, a level party
should start taking ground elevations along the center line of the survey. Levels
should be taken at every 100 foot stations and at all intermediate points where
breaks in the ground contour appear. Wherever the ground slopes more than

10 percent across the line of survey, side shots should be taken for a distance of at
least 10 feet beyond the outside conductor's normal position. These elevations to
the right and left of the center line should be plotted as broken lines. The broken
lines represent side hill profiles and are needed, when spotting structures, to
assure proper ground clearance under all conductors, and proper pole lengths and
setting depths for multiple-pole structures.

Drawings: As soon as the route survey has been obtained, the plan and profile
should be prepared. Information on the plan and profile should include
alignment, stationing, calculated courses, fences, trees, roads, ditches, streams,
and swamps. The vertical and plan location of telecommunications, transmission
and other electric lines should be included since they affect the proposed line.
The drawings should also show railroads and river crossings, property lines, with
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the names of the property owners, along with any other features which may be of
value in the right-of-way acquisition, design, construction, and operation of the
line. Chapter 10 discusses structure spotting on the plan-profile drawings.

Structure spotting should begin after all of the topographic and level notes are
plotted on the plan and profile sheets. Prints of the drawings should be furnished
to the right-of-way agent for checking property lines and for recording easements.
One set of prints certified as to the extent of permits, easements, etc. that have
been secured by the borrower should be returned to the engineer.

Rerouting: During the final survey, it may be necessary to consider routing small
segments of the line due to the inability of the right-of-way agent to satisfy the
demands of property owners. In such instances, the engineer should ascertain the
costs and public attitudes towards all reasonable alternatives. The engineer
should then decide to either satisfy the property owner's demands, relocate the
line, initiate condemnation proceedings, or take other action as appropriate.
Additional environmental review may also be required.

Clearing Right-of-Way: The first actual work to be done on a transmission line is
usually clearing the right-of-way. When clearing, it is important that the
environment be considered. Environmental commitments/mitigations should be
included in the construction contracts. It is also important that the clearing be
done in such a manner that will not interfere with the construction, operation or
maintenance of the line. In terrain having heavy timber, prior partial clearing may
be desirable to facilitate surveying. All right-of-way for a given line should be
secured before starting construction. See Chapter 5 for a discussion of right-of-
way width.

Permits, Easements, Licenses, Franchises, and Authorizations: The following is a
list of permits, easements, licenses, franchises, and authorizations that commonly
need to be obtained and is not meant to be exhaustive.

Private property Easement from owner and permission
to cut danger trees

Railroad Permit or agreement

Highway Permit from state/county/city

Other public bodies Authorization

City, county or state Permit

Joint and common use pole  Permit or agreement

Wire crossing Permission of utility

Table 3-2 list required federal permits or licenses required and other
environmental review requirements. The following abbreviations pertain to Table
3-2:

BIA Bureau of Indian Affairs

BLM Bureau of Land Management
CEQ Council on Environmental Quality
CFR Code of Federal Regulations

COE Corps of Engineers

DOE Department of Energy

EIS Environmental Impact Statement
EPA Environmental Protection Agency

FAA Federal Aviation Agency



FERC
FHA
FLPMA
FS
FWS
LWCF
NEPA
NPDES
NPS

PL
SHPO
SPCC
usC
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Federal Energy Regulatory Commission
Federal Highway Administration

Federal Land Policy and Management Act
Forest Service

Fish and Wildlife Service

Land and Water Conservation Fund Act
National Environmental Protection Act
National Pollutant Discharge Elimination System
National Park Service

Public Law

State Historical Preservation Officer

Spill Prevention Control and Countermeasure
United States Code
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SUMMARY OF POTENTIAL MAJOR FEDERAL PERMITS OR LICENSES

And other environmental review requirements for transmission line construction and operation

TABLE 3-2

THAT MAY BE REQUIRED

Issue

Action Requiring
Permit, Approval,
or Review

Agency

Permit, License,
Compliance or
Review

Relevant Laws and
Regulations

NEPA (National
Environmental
Protection Act)
Compliance

Federal; Action to
grant right-of-way
across land under
Federal jurisdiction

Lead Agency —

EIS and Record of
Decision

NEPA (42 USC 4321),
CEQ (40 CFR 1500-1508).
DOE NEPA implementing
Regulations (10 CFR to
1021)

Right-of-Way Preconstruction Bureau of Land Right-of-way grant and | Federal Land Policy and
Across Land surveys; construction, Management (BLM) special use permit Management Act (FLPMA)
operation, of 1976 (PL 94-579)
Under Federal | maintenance, and 43 USC 1761-1771
Management abandonment 43 CFR 2800
Bureau of Indian Right-of-way grant 25 CFR 169
Affairs (BIA), tribe across American
Indian lands
Forest Service (FS) Special use 36 CFR 251
authorization permit or
easement
National Park Authorization to cross 18 USC, 36 CFR 14
Service (NPS) National Park Service
lands
Fish and Wildlife Special use permit for 50 CFR 25
Service (FWS) crossing a national
wildlife refuge
“Conversion of use” for | NPS Review of Land and Water
a use other than transmission line Conservation Fund Act
recreation on lands corridor to identify PL 88-578, Section 6(f)(3)
reserved with Land conflicts with
and Water recreational areas
Conservation Fund Act
(LWCF) monies
Construction, Federal Highway Permits to cross Department of
operation, Administration (FHA) | Federal Aid Highway; Transportation Act
maintenance, and 4 (f) compliance 23 CFR 1.23 and 1.27
abandonment of 23 USC 116, 123, and 315
transmission line 23 CFR 645
across or within 23CFR 771
highway rights-of-way
Biological Grant right-of-way by FWS Endangered Species Endangered Species Act
Resources federal land-managing Act compliance by of 1973 as amended (16
agency federal land-managing USC 1531 et seq)
agency and lead
agency
Protection of migratory FWS Compliance Migratory Bird Treaty Act
birds of 1918
16 USC 703-712
50CFRCh1
Protection of bald and FWS Compliance Bald and Golden Eagle
golden eagles Protection Act of 1972
(16 USC 668)
Ground disturbance on | BLM Compliance with BLM FLPMA of 1976

Paleontological
Resources

federal land or federal
aid project

mitigation and
planning standards for
paleontological
resources of public
lands

(43 USC 1701-1771)
Antiquities Act of 1906
(16 USC 431-433)
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And other environmental review requirements for transmission line construction and operation

TABLE 3-2 (Continued)
SUMMARY OF POTENTIAL MAJOR FEDERAL PERMITS OR LICENSES

THAT MAY BE REQUIRED

Action Requiring

Permit, License,

Relevant Laws and

Issue Permit, Ap_proval, Agency Compllqnce or Regulations
or Review Review
Ground Construction sites with Environmental Section 402 National Clean Water Act
Disturbance greater than five acres Protection Agency Pollutant Discharge (33 UsSC 1342)
of land disturbance (EPA) Elimination System
and Water (NPDES) General
Quality Permit for Storm Water

Degradation

Discharges from
Construction Activities

Construction across
water resources

Army Corps of
Engineers (COE)

General easement

10 USC 2668 to 2669

Crossing 100-year
floodplain, streams,

COE

Floodplain use permits

40 USC 961

modification of
wetlands

and rivers

Construction in or Federal lead agency | Compliance Executive Order 11988
modification of Floodplains

floodplain

Construction or Federal lead agency | Compliance Executive Order 11990

Wetlands

Potential discharge
into water of the state
(including wetlands
and washes)

COE (and states);
EPA on tribal lands

Section 401 permit

Clean Water Act
(33 USC 1344)

Discharge of dredge or
fill material to
watercourse

COE; EPA on tribal
lands

404 Permit (individual
or nationwide)

Clean Water Act
(33 USC 1344)

Placement of
structures and
construction work in
navigable waters of the
u.S

COE

Section 10 permit

Rivers and Harbors Act of
1899 (33 USC 403)

Protection of all rivers
included in the
National Wild and
Scenic Rivers System

Affected land-
managing agencies

Review by permitting
agencies

Wild and Scenic Rivers Act
(PL 90- 542)
(43 CFR 83.50)

Potential pollutant

EPA

Spill Prevention

Oil Pollution Act of 1990

discharge during Control and (40 CFR 112)
construction, Countermeasure
operation, and (SPCC) plan for
maintenance substations
Air Traffic Location of towers in Federal Aviation A “No-hazard FAA Act of 1958

regards to airport
facilities and airspace

Administration (FAA)

Declaration” required if
structure is more than
200 feet in height

(49 USC 1501)
(14 CFR 77)

Section 1101 Air
Space Permit for air
space construction
clearance

FAA Act of 1958
(49 USC 1501)
(14 CFR 77)
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TABLE 3-2 (Continued)

SUMMARY OF POTENTIAL MAJOR FEDERAL PERMITS OR LICENSES
THAT MAY BE REQUIRED
And other environmental review requirements for transmission line construction and operation

Action Requiring

Permit, License,

Relevant Laws and

Issue Permit, Approval, Agenc Compliance or .
PP 9 y pie Regulations
or Review Review
Cultural Disturbance of historic Federal lead agency, | Section 106 National Historic
Resources properties State Historical consultation Preservation Act of 1966

Preservation Officers
(SHPO), Advisory
Council on Historic
Preservation

(16 USC 470)
(36 CFR Part 800)

Excavation of
archaeological
resources

Federal land-
managing agency

Permits to excavate

Archaeological Resources
Protection Act of 1979
(16 USC 470aa to 470ee)

Potential conflicts with
freedom to practice
traditional American
Indian religions

Federal lead agency,
Federal land-
managing agency

Consultation with
affected American
Indians

American Indian Religious
Freedom Act
(42 USC 1996)

Disturbance of graves,
associated funerary
objects, sacred
objects, and items of
cultural patrimony

Federal land-
managing agency

Consultation with
affected Native
American group
regarding treatment of
remains and objects

Native American Graves
Protection and
Repatriation Act of 1990
(25 USC 3001)

Investigation of cultural
and paleontological

Affected land-
managing agencies

Permit for study of
historical,

Antiquities Act of 1906
(16 USC 432-433)

resources archaeological, and

paleontological

resources
Investigation of cultural | Affected land- Permits to excavate Archaeological Resources
resources managing agencies and remove Protection Act of 1979

archaeological
resources on Federal
lands; American Indian
tribes with interests in
resources must be
consulted prior to
issuance of permits

(16 USC 470aa to 470ee)
(43CFR7)

Protection of
segments, sites, and
features related to
national trails

Affected land-
managing agencies

National Trails
Systems Act
compliance

National Trails System Act
(PL 90-543)
(16 USC 1241 to 1249)

Rate regulation

Sales for resale and
transmission services

Federal Energy
Regulatory
Commission (FERC)

Federal Power Act
compliance by power
seller

Federal Power Act
(16 USC 792)

In cases where structures or conductors will exceed a height of 200 feet, or are
within 20,000 feet of an airport, the nearest regional or area office of the FAA
must be contacted. In addition, if required, FAA Form 7460-1, "Notice of
Proposed Construction or Alteration,"” is to be filed. Care must also be given
when locating lines near hospital landing pads, crop duster operations, and
military bases.
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4 CLEARANCES TO GROUND, TO OBJECTS UNDER THE LINE AND AT
CROSSINGS

a

General. Recommended design vertical clearances for agency financed
transmission lines of 230 kV and below are listed in the Tables 4-1 through 4-3.
These clearances exceed the minimum clearances calculated in accordance with
the 2012 edition of the NESC. If the 2012 edition has not been adopted in a
particular locale, clearances and the conditions found in this chapter should be
reviewed to ensure that they meet the more stringent of the applicable
requirements.

Clearance values provided in the following tables are recommended design
values. In order to provide an additional cushion of safety, recommended design
values exceed the minimum clearances in the 2012 NESC.

Assumptions

1) Fault Clearing and Switching Surges. Clearances in tables 4-1, 4-2, 4-3,
and 5-1 are recommended for transmission lines capable of clearing line-
to-ground faults and voltages up to 230 kV. For 230 kV, the tables apply
for switching surges less than or equal to 2.0; for higher switching surges
on 230 kV transmission lines see the alternate clearance recommendations
in the NESC.

@) Voltage. Listed in the chart that follows are nominal transmission line
voltages and the assumed maximum allowable operating voltage for these
nominal voltages. If the expected operating voltage is greater than the
value given below, the clearances in this bulletin may be inadequate.
Refer to the 2012 edition of the NESC for guidance.

Nominal Line-to-Line Maximum Line-to Line
Voltage Operating
(kV) Voltage
(kV)

345 *

46 *

69 72.5

115 121

138 145

161 169

230 242

*Maximum operating voltage has no effect on clearance requirements for these
nominal voltages.
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Table 4-2 .
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FIGURE 4-1: CLEARANCE SITUATIONS COVERED IN THIS CHAPTER

c Design Vertical Clearance of Conductors. The recommended design vertical

clearances under various conditions are provided in Table 4-1.

1)

Conditions Under Which Clearances Apply. The clearances apply to a
conductor at final sag for the conditions ‘a’ through “c’ listed below. The
condition that produces the greatest sag for the line is the one that applies.

@ Conductor temperature of 32°F, no wind, with the radial thickness
of ice for the applicable NESC loading district.

(b) Conductor temperature of 167°F. A lower temperature may be
considered where justified by a qualified engineering study. Under
no circumstances should a design temperature be less than 120°F.

(©) Maximum design conductor temperature, no wind. For high
voltage bulk transmission lines of major importance to the system,
consideration should be given to the use of 212°F as the maximum
design conductor temperature.

According to the National Electric Reliability Council criteria, emergency
loading for lines of a system would be the line loads sustained when the
worst combination of one line and one generator outage occurs. The loads
used for condition "c" should be based on long range load forecasts.

Sags of overhead transmission conductors are predicted fairly accurately
for normal operating temperatures. However, it has consistently been
observed that sags for ACSR (Aluminum Conductor Steel Reinforced)
conductors can be greater than predicted at elevated temperatures. If
conductors are to be regularly operated at elevated temperatures, it is
important that sag behavior be well understood. Current knowledge of the
effects of high temperature operation on the long term behavior of
conductors and associated hardware (splices, etc.) is probably limited;
however, and a clear understanding of the issues involved is essential. The
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Electric Power Research Institute (EPRI) has prepared a report on the
effects of high temperature conductor and associated hardware. *

The traditional approach in predicting ACSR conductor sag has been to
assume that the aluminum and steel share only tension loads. But as
conductor temperature rises, aluminum expands more rapidly than steel.
Eventually the aluminum tension will reduce to zero and then go into
compression. Beyond this point the steel carries the total conductor
tension. These compressive stresses generally occur when conductors are
operated above 176 °F to 200 °F. Greater sags than predicted at these
elevated temperatures may be attributed to aluminum being in
compression which is normally neglected by traditional sag and tension
methods. AAC (All Aluminum Conductors) and AAAC (All Aluminum
Alloy Conductor) or ACSR conductors having only one layer of aluminum
or ACSR with less than 7 percent steel should not have significantly larger
sags than predicted by these traditional methods at higher operating
temperatures.

@) Altitude Greater than 3300 Feet. If the altitude of a transmission line (or a
portion thereof) is greater than 3300 feet, an additional clearance as
indicated in Table 4-1 must be added to the base clearances given.

3 Spaces and Ways Accessible to Pedestrians Only. Pedestrian-only
clearances should be applied carefully. If it is possible for anything other
than a person on foot to get under the line, such as a person riding a horse,
the line should not be considered to be accessible to pedestrians-only and
another clearance category should be used. It is expected that this type of
clearance will be used rarely and only in the most unusual circumstances.

4 Clearance for Lines Along Roads in Rural Districts. If a line along a road
in a rural district is adjacent to a cultivated field or other land falling into
Category 3 of Table 4-1, the clearance-to-ground should be based on the
clearance requirements of Category 3 unless the line is located entirely
within the road right-of-way and is inaccessible to vehicular traffic,
including highway right-of-way maintenance equipment. If a line meets
these two requirements, its clearance may be based on the "along road in
rural district”" requirement. To avoid the need for future line changes, it is
strongly recommended that the ground clearance for the line should be
based on clearance over driveways. This should be done whenever it is
considered likely a driveway will be built somewhere under the line.
Heavily traveled rural roads should be considered as being in urban areas.

(5) Reference Component and Tall Vehicles/Boats. There may be areas
where it can be normally expected that tall vehicles/boats will pass under
the line. In such areas, it is recommended that consideration be given to
increasing the clearances given in Table 4-1 by the amount by which the
operating height of the vehicle/boat exceeds the reference component.

! Conductor and Associated Hardware Impacts During High Temperature Operations — Issues and Problems, L.
Shan and D. Douglass, Final Report, EPRI TR-109044, Electric Power Research Institute, Palo Alto, California,
December, 1997.

“Conductor Sag and Tension Characteristics at High Temperatures, Tapani O. Seppa and Timo Seppa, The Valley
Group, Inc., presented at the Southeastern Exchange Annual E/O Meeting, May 22, 1996, in Atlanta, GA.
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The reference component is that part of the clearance component which
covers the activity in the area which the overhead line crosses.

For example, truck height is limited to 14 feet by state regulation, thus the
reference component for roads is 14 feet. However, in northern climates
sanding trucks typically operate with their box in an elevated position to
distribute the sand and salt to icy roadways. The clearances in Table 4-1
are to be increased by the amount the sanding truck operating height
exceeds 14 feet. In another example, the height of farm equipment may be
14 feet or more. In these cases, these clearances should be increased by
the difference between the known height of the oversized vehicle and the
reference height of 14 feet.

Reference heights for Table 4-1 are given below. For reference
components to Table 4-2, see Appendix A, Table A-2b of the NESC.

Item Description Reference height
1.0 Track rails 22.0
2.0 Streets, alleys, roads, driveways, and 14.0
parking lots
3.0 Spaces and ways--pedestrians only 10.0
4.0 Other lands traversed by vehicles 14.0
5.0 Water areas--no sail boating 125
6.0 Water areas—sail boating
Less than 20 acres 16.0
20 to 200 acres 24.0
200 to 2000 acres 30.0
Over 2000 acres 36.0
7.0 Areas posted for rigging or launching See NESC Table
sailboats

From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.

(6)

(7)

Clearances Over Water. Clearances over navigable waterways are
governed by the U.S. Army Corps of Engineers and therefore the
clearances over water provided in Table 4-1 apply only where the Corps
does not have jurisdiction.

Clearances for Sag Templates. Sag templates used for spotting structures
on a plan and profile sheet should be cut to allow at least one foot extra
clearance than given in Table 4-1, in order to compensate for minor errors
and to provide flexibility for minor shifts in structure location.

Where the terrain or survey method used in obtaining the ground profile
for the plan and profile sheets is subject to greater unknowns or tolerances
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than the one foot allowed, appropriate additional clearance should be
provided.

d Design Vertical Clearance of Conductors to Objects Under the Line (not
including conductors of other lines). The recommended design vertical
clearances to various objects under a transmission line are given in Table 4-2.

(@D Conditions Under Which Clearances Apply. The clearances in Table 4-2
apply under the same loading and temperature conditions as outlined in
section 4.c.(1) of this chapter. See NESC Figures 234-1(a) and 234-1(b)
and 234-1(c) for transition zones between horizontal and vertical clearance
planes. See Chapter 5 for horizontal clearances.

@) Lines Over Buildings. Although clearances for lines passing over
buildings are shown in Table 4-2, it is recommended that lines not pass
directly over a building if it can be avoided.

3 Clearances to Rail Cars. The NESC has defined the clearance envelope
around rail cars as shown in Figure 4-2 (NESC Figure 234-5):

== V=(item 1.0, Table 4-1) - 20 ft.
/// r \\\
r———X v g1
| V. | |
I ] |
| |
| |
' '
| | >
| -
| | émN
| "o | xy
10-8 22 g35
| J I 39
| 20 | ou
| |
| ‘ |
I —— |
I |
| ~ 3 [B] |
| ] |
| |
L Item 9.0 |
I Table 5-1 I

FIGURE 4-2: NESC FIGURE 234-5
From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.
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To simplify the design process, Figure 4-3, which defines the
recommended clearances, may be used:

" " " 77— — = [ 1
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| s an Item1.0 |
10'-8
: Table 4-1 :
| |
| |
| |
| |
| ~ 3 |
| 19 |
| |
L Item 9.0 ‘ |
I Table 5-1 I

FIGURE 4-3: SIMPLIFIED CLEARANCE ENVELOPE

In cases where the base of the transmission line is below that of the
railroad bed, the designer may be required to install taller poles or to offset
further from the track (using the agency suggested approach) than is
indicated by the NESC clearance envelope.

4) Lines Over Swimming Pools. Clearances over swimming pools are for
reference purposes only. Lines should not pass over or within clearance
‘A’ of the edge of a swimming pool or the base of the diving platform.
Clearance ‘B’ should be maintained in any direction to the diving platform
or tower.

FIGURE 4-4: SWIMMING POOL CLEARANCES (See TABLE 4-2)
From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.

#i\ T B\ B
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L
RADIUS A . .
po|N-}-JS " C " is the vertical
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TABLE 4-1
RECOMMENDED DESIGN VERTICAL CLEARANCES OF CONDUCTORS ABOVE
GROUND, ROADWAYS, RAILS, OR WATER SURFACE (in feet) (See Notes A, F & G)
(Applicable NESC Rules 232A, 232B, and Table 232-1)

Line conditions under which the NESC states vertical clearances shall be met (Calculations are
based on Maximum Operating Voltage):
- 32°F, no wind, with radial thickness of ice, if any, specified in Rule 250B of the NESC for the
loading district concerned.
- Maximum conductor temperature for which the line is designed to operate, with no horizontal
displacement

Nominal Voltage, Phase to Phase (kV,,) 34.5 69 115 138 161 230
& 46
Max. Operating Voltage, Phase to Phase (kVL) 725 120.8 1449 169.1 2415
Max. Operating Voltage, Phase to Ground  (kV,g) 41.8 69.7 83.7 97.6 1394
NESC Basic

Clear.(Note F) Clearances in feet

1.0 Track rails 26.5 29.2 29.7 30.6 31.1 31.5 32.9

2.0 Roads, streets, etc., subject to truck traffic 18.5 21.2 21.7 22.6 23.1 23.5 24.9

3.0 Driveways, parking lots, 18.5 21.2 21.7 22.6 23.1 23.5 24.9
and alleys

4.0 Other lands cultivated etc., traversed 18.5 21.2 21.7 22.6 23.1 235 24.9

by vehicles, industrial and commercial
areas (Note B)

5.0 Spaces and ways accessible to 14.5 17.2 17.7 18.6 19.1 195 20.9
pedestrians only (Note C)

6.0 Water areas — no sail boating 17.0 19.7 20.2 21.1 21.6 22.0 23.4

7.0 Water areas — sail boating suitable
(Notes D & E)

Less than 20 acres 20.5 23.2 23.7 24.6 25.1 255 26.9
20 to 200 acres 28.5 31.2 31.7 32.6 33.1 33.5 34.9
200 to 2000 acres 34.5 37.2 37.7 38.6 39.1 39.5 40.9
Over 2000 acres 40.5 43.2 43.7 44.6 45.1 455 46.9

8.0 Public or private land and water areas
posted for rigging or launching sailboats

(Note E)
Less than 20 acres 25.5 28.2 28.7 29.6 30.1 30.5 31.9
20 to 200 acres 33.5 36.2 36.7 37.6 38.1 38.5 39.9
200 to 2000 acres 39.5 42.2 42.7 43.6 44.1 445 45.9
Over 2000 acres 45,5 48.2 48.7 49.6 50.1 50.5 51.9

ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE.:
Additional feet of clearance per 1000 feet of .00 .02 .05 .07 .08 12
altitude above 3300 feet
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TABLE 4-1
(continued from previous page)
RECOMMENDED DESIGN VERTICAL CLEARANCE OF CONDUCTORS ABOVE
GROUND, ROADWAYS, RAILS, OR WATER SURFACE (in feet) (See Notes A, F & G)
(Applicable NESC Rules 232A, 232B, and Table 232-1

Notes:

(A) For voltages exceeding 98 kV alternating current to ground, or 139 kV direct current to ground, the NESC states
that either the clearance shall be increased or the electric field, or the effects thereof, shall be reduced by other
means, as required, to limit the current due to electrostatic effects to 5.0 milliampere (mA), rms, if the largest
anticipated truck, vehicle or equipment under the line were short circuited to ground. The size of the anticipated
truck, vehicle, or equipment used to determine these clearances may be less than but need not be greater than that
limited by Federal, State, or local regulations governing the area under the line. For this determination, the
conductors shall be at final unloaded sag at 120° F.

Fences and large permanent metallic structures in the vicinity of the line will be grounded in accordance with the
owner’s grounding units for the structure concerned to meet the 5.0 milliampere requirement. There should be
adequate ground clearance at crossings and along the right-of-way to meet the minimum requirement of 5 mA due to
the electrostatic field effects on the anticipated vehicles under the transmission line.

Consideration should be given to using the 5.0 mA rule to the conductor under maximum sag condition of the
conductor.

(B) These clearances are for land traversed by vehicles and equipment whose overall operating height is less than
14 feet.

(C) Areas accessible to pedestrians only are areas where riders on horses or other large animals, vehicles or other
mobile units exceeding 8 feet in height are prohibited by regulation or permanent terrain configurations or are not
normally encountered nor reasonably anticipated. Land subject to highway right-of-way maintenance equipment is
not to be considered as being accessible to pedestrians only.

(D) The NESC states that “for uncontrolled water flow areas, the surface area shall be that enclosed by its annual
high-water mark. Clearances shall be based on the normal flood level; if available, the 10 year flood level may be
assumed as the normal flood level. The clearance over rivers, streams, and canals shall be based upon the largest
surface area of any one mile-long segment which includes the crossing. The clearance over a canal, river, or stream
normally used to provide access for sailboats to a larger body of water shall be the same as that required for the
larger body of water.”

(E) Where the U.S. Army Corps of Engineers or the state, has issued a crossing permit, the clearances of that permit
shall govern.

(F) The NESC basic clearance is defined as the reference height plus the electrical component for open supply
conductors up to 22 kV.c.

(G) An additional 2.5 feet of clearance is added to the NESC clearance to obtain the recommended design
clearances. Greater values should be used where survey methods to develop the ground profile are subject to
greater unknowns. See Chapter 10, paragraph 10.c of this bulletin.
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TABLE 4-2
RECOMMENDED DESIGN VERTICAL CLEARANCES FROM OTHER SUPPORTING
STRUCTURES (See Note B), BUILDINGS AND OTHER INSTALLATIONS (in feet)
(Applicable NESC Rules: 234A, 234B, 234C, 234D, 234E, 234F, 2341, Tables 234-1, 234-2, 234-3)

Line conditions under which the NESC vertical clearances shall be met (Calculations are based on
Maximum Operating Voltage.):
e 32°F, no wind, with radial thickness of ice, if any, specified in Rule 250B of the NESC for the loading
district concerned.
e Maximum conductor temperature for which the line is designed to operate, with no horizontal displacement

Nominal Voltage, Phase to Phase (kV,,) 345 69 115 138 161 230
& 46 (E)
Max. Operating Voltage, Phase to Phase (kVL) -—-- 725 120.8 1449 169.1 2415
Max. Operating Voltage, Phase to Ground (kVig) - 418 69.7 837 97.6 139.4
cgjiﬁo?:sl:l;; Clearances in feet

1.0 From a lighting support, traffic signal support, 5.5 7.5 7.5 8.2 8.6 9.1 10.8
or supporting structure of a second line

2.0 From buildings not accessible to pedestrians 125 147 152 16.1 16.6 17.0 18.4

3.0 From buildings — accessible to pedestrians and 135 157 16.2 17.1 17.6 18.0 194
vehicles but not truck traffic

4.0 From buildings — over roofs, ramps, and loading 185 207 212 221 22.6 23.0 24.4
docks accessible to truck traffic

5.0 From signs, chimneys, billboards, radio & TV 8.0 10.2 107 116 12.1 125 13.9
antennas, flagpoles, banners, tanks & other
installations not accessible to personnel.

6.0 From bridges — not attached (Note C) 125 147 152 16.1 16.6 17.0 18.4

7.0 From grain bins probe ports 18.0 20.2 20.7 216 22.1 22.5 23.9

8.0 Clearance in any direction from swimming pool 25.0 272 277 28.6 29.1 29.5 30.9

edge and diving platform base

(Clearance A, Figure 4-4)

Clearance in any direction from diving structures 17.0 19.2 19.7 20.6 21.1 21.5 22.9
(Clearance B, Figure 4-4)

ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE
Additional feet of clearance per 1000 feet of altitude .00 .02 .05 .07 .08 12
above 3300 feet

Notes:

(A) An additional 2.0 feet of clearance is added to NESC clearance to obtain the recommended design clearances.
Greater values should be used where the survey method used to develop the ground profile is subject to greater
unknowns.

(B) Other supporting structures include lighting supports, traffic signal supports, a supporting structure of another line,
or intermediate poles in skip span construction.

(C) If the line crosses a roadway, then Table 4-1, line 2.0 clearances are required.

(D) The NESC basic clearance is defined as the reference height plus the electrical component for open supply
conductors up to 22 kV, ¢ except row ‘1.0’ where voltage reference is 50 kV\¢

(E) For 230 kV, clearances may be required to be higher if switching surges are greater than 2.0 per unit. See NESC
Tables 234-4 and 234-5.
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(5) Examples of Clearance Calculations. The following examples
demonstrate the derivation of the vertical clearances shown in Tables 4-1
and 4-2.

To determine the vertical clearance of a 161 kV line crossing a road
(category 2.0 of Table 4-1), the clearance is based on NESC Table 232-1
and NESC Rule 232,

NESC Vertical Clearance

NESC Basic Clearance (Table 232-1) + .4(kV ¢ — 22)/12
18.5 feet + .4(97.6-22)/12 feet

18.5 feet + 2.52 feet

NESC Vertical Clearance = 21.02 feet

Recommended Clearance = NESC Vertical Clearance + Agency Adder
=21.02 feet + 2.5 feet
= 23.52 feet (23.5 feet in Table 4-1)

To determine the vertical clearance of a 230 kV line over a building roof not accessible to
pedestrians (category 2.0 of Table 4-2), the clearance is based on NESC Table 234-1 and
NESC Rule 234.

NESC Vertical Clearance = NESC Basic Clearance (Table 234-1) + .4(kV.c — 22)/12
12.5 feet + .4(139-22)/12 feet

12.5 feet + 3.9 feet

16.4 feet

NESC Vertical Clearance

Recommended Clearance = NESC Vertical Clearance + Agency Adder
= 16.4 feet + 2.0 feet
= 18.4 feet (18.4 feet in Table 4-2)

e Design Vertical Clearance Between Conductors Where One Line Crosses Over or
Under Another. Recommended design vertical clearances between conductors
when one line crosses another are provided in Table 4-3. The clearance values in
Table 4-3 are for transmission lines which are known to have ground fault
relaying. The clearances should be maintained at the point where the conductors
cross, regardless of where the point of crossing is located on the span.

(@D Conditions Under Which Clearances Apply. The clearances apply for an
upper conductor at final sag for the conditions ‘a’ through ‘c’. The
condition that produces the greatest sag for the line is the one that applies.

@) A conductor temperature of 32°F, no wind, with a radial thickness
of ice for the loading district concerned.

(b) A conductor temperature of 167°F. A lower temperature may be
considered where justified by a qualified engineering study. Under
no circumstances should a design temperature be less than 120°F.



)
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NESC Vertical Clearance
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(©) Maximum conductor temperature, no wind. See paragraph 4.c.(1).
The same maximum temperature used for vertical clearance to
ground should be used.

At a minimum the NESC requires that (1) the upper and lower conductors
are simultaneously subjected to the same ambient air temperature and
wind loading conditions and (2) each is subjected individually to the full
range of its icing conditions and applicable design electrical loading.

Altitude Greater than 3300 Feet. If the altitude of the crossing point of the
two lines is greater than 3300 feet, additional clearance as indicated in
Table 4-3 is added to the base clearance given.

Differences in Sag Conditions Between Lower and Upper Conductors.
The reason for the differences in sag conditions between the upper and
lower conductor at which the clearances apply is to cover situations where
the lower conductor has lost its ice while the upper conductor has not, or
where the upper conductor is loaded to its thermal limit while the lower
conductor is only lightly loaded.

Examples of Clearance Calculations. The following example
demonstrates the derivation of the vertical clearance of a category in Table
4-3 of this bulletin.

To determine the vertical clearance of a 161 kV line crossing a distribution
conductor (item 3 of Table 4-3), the clearance is based on NESC
Table 233-1 and NESC Rule 233.

NESC Vertical Clearance = NESC Basic Clearance(Table 233-1) + .4(kV ¢ — 22)/12

2.0 feet +.4(97.6-22)/12 feet
2.0 feet + 2.5 feet
4.5 feet

Recommended Clearance = NESC Vertical Clearance + Agency Adder

=4.5 feet + 1.5 feet
= 6.0 feet (6.0 feet in Table 4-3)

Design Vertical Clearance Between Conductors of Different Lines at Noncrossing

Situations. If the horizontal separation between conductors as set forth in
Chapter 5 cannot be achieved, then the clearance requirements in section 4.e
should be attained.

Example of Line-to-Ground Clearance. A portion of a 161 kV line is to be built

over a field of oats that is at an elevation of 7200 feet. Determine the design line-
to-ground clearance.

1)

Solution of the Additional Clearance for Altitude: Because the altitude of
the 161 kV line is greater than 3300 feet, the basic clearance is to be
increased by the amount indicated in Table 4-1. The calculation follows:

(7200-3300)(.08)/1000 = 0.32 feet
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@) Assuming the line meets the assumptions given in section 4.b and
Table 4-1, the recommended design clearance over cultivated fields for a
161 kV line is 23.5 feet. Therefore, the recommended clearance, taking
altitude into account, is 23.8 feet.

0.32 feet + 23.5 feet = 23.8 feet

An additional one foot of clearance should be added for survey,
construction and design tolerance.

Example of Conductor Crossing Clearances. A 230 kV line crosses over a

115 kV line in two locations. At one location the 115 kV line has an overhead
ground wire which, at the point of crossing, is 10 feet above its phase conductors.
At the other location the lower voltage line does not have an overhead ground
wire. Determine the required clearance between the 230 kV conductors and the
115 kV conductors at both crossing locations. Assume that the altitude of the line
is below 3300 feet. Also assume that the sag of the overhead ground wire is the
same as or less than the sag of the 115 kV phase conductors. The 230 kV line has
ground fault relaying.

Solution. The first step in the solution is to determine if the line being crossed
over has automatic ground fault relaying. We are able to determine that the lower
line has automatic ground fault relaying.

From Table 4-3, (item 4), the required clearance from a 230 kV conductor to a
115 kV conductor is 9.0 feet. From Table 4-3, (item 2), the required clearance
from the 230 kV conductor to the overhead ground wire is 7.4 feet; adding 10 feet
for the distance between the overhead ground wire (OHGW) and the 115 kV
phase conductors, the total required clearance is 17.4 feet.

When the lower circuit has an overhead ground wire, clearance requirements to
the overhead ground wire govern and the required clearance between the upper
and lower phase conductor is 17.4 feet.

Where there is no overhead ground wire for the 115 kV circuit, the required
clearance between the phase conductors is 9.0 feet.

It is important to note that the above clearances are to be maintained where the
upper conductor is at its maximum sag condition, as defined in section 4.e.(1).(b)
or 4.e.(1).(c) above, and the lower conductor is at 60°F initial sag.

Vertical Clearances to Vegetation. The best practice is usually to remove all
substantive vegetation (such as trees and vines) under and adjacent to the line. In
certain areas, such as canyons, river crossings, or endangered species habitat,
vegetation can be spanned. For vertical clearances (intended to meet NERC FAC
003), refer to radial clearances discussed in Section 5.b.(2) of this bulletin.
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TABLE 4-3
RECOMMENDED DESIGN VERTICAL CLEARANCES IN FEET
BETWEEN CONDUCTORS WHERE THE CONDUCTORS OF ONE LINE
CROSS OVER THE CONDUCTORS OF ANOTHER AND WHERE THE UPPER AND
LOWER CONDUCTORS HAVE GROUND FAULT RELAYING

Voltage between circuits = Voltage line to ground Top Circuit + Voltage line to ground Bottom Circuit (Calculations are
based on the maximum operating voltage.)

The NESC requires that clearances not be less than that required by application of a clearance envelope developed
under NESC Rules 233A1 & 233A2. Structure deflection shall also be taken into account. Agency recommended
values in this table are to be adders applied for the movement of the conductor and deflection of structures, if any.

UPPER LEVEL CONDUCTOR (Note F)

Nominal Voltage, Phase to Phase kV 34-56 69 115 138 161 230
& 4

Max. Operating Voltage, Phase to Phase (kVL) -—--- 725 120.8 1449 169.1 2415
Max. Operating Voltage, Phase to Ground (kVig) -—--- 418 697 83.7 97.6 139.4

NESC

g%‘gﬁ (kVig) Clearances in feet

(Note H)

LOWER LEVEL CONDUCTOR
1. Communication 5.0 6.7 7.2 8.1 8.6 9.0 10.4
2. OHGW (Note G) 2.0 3.7 4.2 5.1 5.6 6.0 7.4
3. Distribution conductors 2.0 3.7 4.2 5.1 5.6 6.0 7.4

4. Transmission conductors of lines that
have ground fault relaying. Nominal
line — to — line voltage in kV. (Note F)

230 kV 2.0 139.4 11.3

161 kv 2.0 97.6 8.5 9.9

138 kv 2.0 83.7 7.6 8.1 9.5

115 kv 2.0 69.7 6.7 7.1 7.6 9.0

69 kV 2.0 41.8 4.8 5.6 6.2 6.7 8.1

46 kV and below 2.0 26.4 3.8 4.3 5.2 5.7 6.2 7.6

Notes:

(A) The conductors on other supports are assumed to be from different circuits
(B) This table applies to lines with ground fault relaying.

(C) The NESC requires that the clearance shall be not less than that required by application of a clearance envelope
developed under NESC Rule 233A2 to the positions on or within conductor movement envelopes developed under
Rule 233A1 at which the two wires, conductors or cables would be closest together. For purposes of this
determination, the relevant positions of the wires, conductors, or cables on or within their respective conductor
movement envelopes are those which can occur when (1) both are simultaneously subjected to the same ambient air
temperature and wind loading conditions and (2) each is subjected individually to the full range of its icing conditions
and applicable design electrical loading.
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TABLE 4-3 (continued)

RECOMMENDED DESIGN VERTICAL CLEARANCES IN FEET
BETWEEN CONDUCTORS WHERE THE CONDUCTORS OF ONE LINE
CROSS OVER THE CONDUCTORS OF ANOTHER AND WHERE THE UPPER AND
LOWER CONDUCTORS HAVE GROUND FAULT RELAYING

(D) An additional 1.5 feet of clearance is added to NESC clearance to obtain the recommended design clearances.
Greater values should be used where the survey method used to develop the ground profile is subject to greater
unknowns.

(E)_ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE
Total altitude = Correction for + Correction for
correction factor upper conductors lower conductors

For upper conductors use correction factor from Table 4-1 of this bulletin.
For lower conductors:
Categories 1, 2, 3 above use no correction factors
Category 4 uses correction factors from Table 4-1 of this bulletin

(F) The higher voltage line should cross over the lower voltage line

(G) If the line on the lower level has overhead ground wire(s), this clearance will usually be the limiting factor at
crossings.

(H) The NESC basic clearance is defined as the reference height plus the electrical component for open supply
conductors up to 22 kV.c.
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HORIZONTAL CLEARANCES FROM LINE CONDUCTORS TO OBJECTS AND
RIGHT-OF-WAY WIDTH

a

General. The preliminary comments and assumptions in Chapter 4 of this bulletin
also apply to this chapter.

Minimum Horizontal Clearance of Conductor to Objects. Recommended design
horizontal clearances of conductors to various objects are provided in Table 5-1

and minimum radial operating clearances of conductors to vegetation in Table 5-
2. The clearances apply only for lines that are capable of automatically clearing

line-to-ground faults.

Clearance values provided in Table 5-1 are recommended design values. In order
to provide an additional margin of safety, the recommended design values exceed
the minimum clearances in the 2012 NESC. Clearance values provided in Table
5-2 are minimum operating clearances to be used by the designer to determine
appropriate design clearances for vegetation maintenance management.

(@D Conditions Under Which Horizontal Clearances to Other Supporting
Structures, Buildings and Other Installations Apply:

@ Conductors at Rest (No Wind Displacement): When conductors
are at rest the clearances apply for the following conditions: (a)
167°F but not less than 120°F, final sag, (b) the maximum
operating temperature the line is designed to operate, final sag,
(c) 32°F, final sag with radial thickness of ice for the loading
district (0 in., %ain., or %2 in.).

(b) Conductors Displaced by 6 psf Wind: The clearances apply when
the conductor is displaced by 6 Ibs. per sg. ft. at final sag at 60°F.
See Figure 5-1.

FIGURE 5-1: HORIZONTAL CLEARANCE REQUIREMENT TO BUILDINGS

conductor swing out angle in degrees under 6 psf. of wind

conductor final sag at 60°F with 6 psf. of wind

horizontal clearance required per Tables 5-1 for conductors displaced by 6 psf wind
(include altitude correction if necessary)

insulator string length (j = 0 for post insulators or restrained suspension insulators).
total horizontal distance from insulator suspension point (conductor attachment point
for post insulators) to structure with conductors at rest

structure deflection with a 6 psf. Wind



Bulletin 1724E-200
Page 5-2

TABLE 5-1
RECOMMENDED DESIGN HORIZONTAL CLEARANCES (in feet) FROM CONDUCTORS
AT REST AND DISPLACED BY 6 PSF WIND TO OTHER SUPPORTING STRUCTURES,
BUILDINGS AND OTHER INSTALLATIONS
(NESC Rules 234B, 234C, 234D, 234E, 234F, 2341, Tables 234-1, 234-2, 234-3)

Conditions under which clearances apply:

No wind: When the conductor is at rest the clearances apply at the following conditions: (a) 120°F, final sag, (b) the maximum
operating temperature the line is designed to operate, final sag, (c) 32°F, final sag with radial thickness of ice for the loading
district (1/4 in. for Medium or 1/2 in. Heavy).

Displaced by Wind: Horizontal clearances are to be applied with the conductor displaced from rest by a 6 psf wind at final sag at 60°F.
The displacement of the conductor is to include deflection of suspension insulators and deflection of flexible structures.

The clearances shown are for the displaced conductors and do not provide for the horizontal distance required to account for blowout of
the conductor and the insulator string. This distance is to be added to the required clearance. See Equation 5-1.

Clearances are based on the Maximum Operating VVoltage

Nominal voltage, Phase to Phase, kV .. 34.5 69 115 138 161 230
& 46
Max. Operating Voltage, Phase to Phase, kV| .. ---- 72.5 120.8 144.9 169.1 241.5
Max. Operating Voltage, Phase to Ground, KV ¢ -—-- 41.8 69.7 83.7 97.6 139.4
NESC
Horizontal Clearances - (Notes 1,2,3) Basic Clearances in feet
Clear

1.0 From a lighting support, traffic signal support

or supporting structure of another line
At rest (NESC Rule 234B1a) 5.0 6.5 6.5 7.2 7.6 8.1 9.5
Displaced by wind  (NESC Rule 234B1b) 45 6.2 6.7 7.6 8.1 8.5 9.9

2.0 From buildings, walls, projections, guarded
windows, windows not designed to open,
balconies, and areas accessible to pedestrians
At rest (NESC Rule 234C1a) 7.5 9.2 9.7 10.6 111 115 12.9
Displaced by wind  (NESC Rule 234C1b) 45 6.2 6.7 7.6 8.1 8.5 9.9
3.0 From signs, chimneys, billboards, radio, & TV
antennas, tanks & other installations not
classified as buildings
At rest (NESC Rule 234C1a) 7.5 9.2 9.7 10.6 111 115 12.9
Displaced by wind  (NESC Rule 234C1b) 45 6.2 6.7 7.6 8.1 8.5 9.9
4.0 From portions of bridges which are readily
accessible and supporting structures are not

attached
At rest (NESC Rule 234D1a) 7.5 9.2 9.7 10.6 111 115 12.9
Displaced by wind  (NESC Rule 234D1b) 45 6.2 6.7 7.6 8.1 8.5 9.9

5.0 From portions of bridges which are ordinarily

inaccessible and supporting structures are not

attached
At rest (NESC Rule 234D1a) 6.5 8.2 8.7 9.6 10.1 105 11.9
Displaced by wind  (NESC Rule 234D1b) 4.5 6.2 6.7 7.6 8.1 8.5 9.9
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RECOMMENDED DESIGN HORIZONTAL CLEARANCES (in feet) FROM CONDUCTORS
AT REST AND DISPLACED BY 6 PSF WIND TO OTHER SUPPORTING STRUCTURES,

BUILDINGS AND OTHER INSTALLATIONS

(NESC Rules 234B, 234C, 234D, 234E, 234F, 2341, Tables 234-1, 234-2, 234-3)

Conditions under which clearances apply:

No wind: When the conductor is at rest the clearances apply at the following conditions: (a) 120°F, final sag, (b) the

maximum operating temperature the line is designed to operate, final sag, (c) 32°F, final sag with radial thickness of ice

for the loading district (1/4 in. for Medium or 1/2 in. Heavy).

Displaced by Wind: Horizontal clearances are to be applied with the conductor displaced from rest by a 6 psf wind at final sag
at 60°Funder extreme wind conditions (such as the 50 or 100-year mean wind) at final sag at 60°F. The displacement of the
conductor is to include deflection of suspension insulators and deflection of flexible structures.

The clearances shown are for the displaced conductors and do not provide for the horizontal distance required to account for
blowout of the conductor and the insulator string. This distance is to be added to the required clearance. See Equation 5-1.

Clearances are based on the Maximum Operating Voltage
Nominal voltage, Phase to Phase, kV|

Max. Operating Voltage, Phase to Phase, kV| ..
Max. Operating Voltage, Phase to Ground, kV_¢

34.5
& 46

69 115 138

725 1208 1449
41.8 69.7 83.7

161

169.1
97.6

230

241.5
139.4

Horizontal Clearances - (Notes 1,2,3) Basic

6.0 Swimming pools — see section 4.d.(4) of
Chapter 4 and item 8 of Table 4-2.
(NESC Rule 234E)
Clearance in any direction from swimming 25.0
pool edge (Clearance A, Figure 4-4 of this bulletin)
Clearance in any direction from diving 17.0
structures (Clearance B, Figure 4-4 of this bulletin)
7.0 From grain bins loaded with permanently
attached conveyor
At rest (NESC Rule 234F1b) 15.0
Displaced by wind  (NESC Rule 234C1b) 45
8.0 From grain bins loaded with a portable conveyor.
Height ‘B’ of highest filling or probing port on bin
must be added to clearance shown. Clearances for “at
rest’ and not displaced by the wind. See NESC
Figure 234-4 for other requirements.

Horizontal clearance envelope (includes area of
sloped clearance per NESC Figure 234-4b)

9.0 Fromrail cars (Applies only to lines parallel to tracks)
See Figure 234-5 and section 2341 (Eye) of the
NESC
Clearance measured to the nearest rail
ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE
Additional feet of clearance per 1000 feet of altitude above
3300 feet

27.2

19.2

17.2
6.7

Clearances in feet

21.7 28.6 29.1

19.7 20.6 211

17.7 18.6 19.1
7.2 8.1 8.6

295

215

19.5
9.0

H, = (24+B) + 1.5B
(See Note 3 and Fig. 5-7)

14.1

.02

14.1 15.1 15.6

.02 .05 .07

16.0

.08

30.9

22.9

20.9
10.4

17.5

A2

Notes:

1. Clearances for categories 1-5 in the table are approximately 1.5 feet greater than NESC clearances.
2. Clearances for categories 6 to 9 in the table are approximately 2.0 feet greater than NESC clearances.

3. “B” is the height of the highest filling or probing port on a grain bin. Horizontal clearance is for the highest voltage of

230 kV.
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Considerations in Establishing Radial and Horizontal Clearances to

The designer should identify and document clearances between vegetation
and any overhead, ungrounded supply conductors, taking into
consideration transmission line voltage, the effects of ambient temperature
on conductor sag under maximum design loading, and the effects of wind
velocities on conductor sway. Specifically, the designer should establish
clearances to be achieved at the time of vegetation management work and
should also establish and maintain a set of clearances to prevent flashover
between vegetation and overhead ungrounded supply conductors. As a
minimum, these clearances should apply to all transmission lines operated
at 200 kV phase-to-phase and above and to any lower voltage lines
designated as critical (refer to NERC FAC 003).

The designer should determine and document appropriate clearance
distances to be achieved at the time of transmission vegetation
management work based upon local conditions and the expected time
frame in which the Transmission Owner plans to return for future
vegetation management work. Local conditions may include, but are not
limited to: operating voltage, appropriate vegetation management
techniques, fire risk, reasonably anticipated tree and conductor movement,
species types and growth rates, species failure characteristics, local
climate and rainfall patterns, line terrain and elevation, location of the
vegetation within the span, and worker approach distance requirements.

The designer should determine and document specific radial clearances to
be maintained between vegetation and conductors under all rated electrical
operating conditions. These minimum clearance distances are necessary to
prevent flashover between vegetation and conductors and will vary due to
such factors as altitude and operating voltage. These specific minimum
clearance distances should be no less than those set forth in the Institute of
Electrical and Electronics Engineers (IEEE) Standard 516-2003 (Guide for
Maintenance Methods on Energized Power Lines) and as specified in its
Section 4.2.2.3, Minimum Air Insulation Distances without Tools in the
Air Gap. Where transmission system transient overvoltage factors are not
known, clearances shall be derived from Table 5, IEEE 516-2003, phase-
to-ground distances, with appropriate altitude correction factors applied.
Where transmission system transient overvoltage factors are known,
clearances shall be derived from Table 7, IEEE 516-2003, phase-to-phase
voltages, with appropriate altitude correction factors applied. Table 5-2
contains radial clearances determined from Table 5, IEEE 516-2003,
where transmission system transient overvoltage factors are not known.
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1

o
S

conductor swing out angle in degrees under all rated operating
conditions

conductor final sag at all rated operating conditions

radial clearance (include altitude correction if necessary)
insulator string length (¢j = 0 for post insulators or restrained
suspension insulators).

horizontal clearance at the time of vegetation management work

structure deflection at all rated operating conditions
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TABLE 5-2
RADIAL OPERATING CLEARANCES (in feet) FROM IEEE 516 FOR USE IN
DETERMINING CLEARANCES TO VEGETATION FROM CONDUCTORS
(NERC Standard FAC-003.2 Transmission Vegetation Management Program, IEEE 516,
Guideline For Maintenance Methods Of Energized Power Lines)

Conditions under which clearances apply:

Displaced by Wind: Radial operating clearances are to be applied at all rated operating conditions. The designer should
determine applicable conductor temperature and wind conditions for all rated operating conditions. The displacement of the
conductor is to include deflection of suspension insulators and deflection of flexible structures.

The operating clearances shown are for the displaced conductors and do not provide for the horizontal distance required to account
for blowout of the conductor and the insulator string. This distance is to be added to the required clearance. See Equation 5-1.

Clearances are based on the Maximum Operating Voltage.

Nominal voltage, Phase to Phase, kV, .. 345& 69 1150 138' 161t 230%2
46

Max. Operating Voltage, Phase to Phase, kV| .. 725 1208 1449 169.1 241.5

Max. Operating Voltage, Phase to Ground, kV_g 41.8 69.7 83.7 97.6 139.4

Radial Table 5 IEEE Standard 516 Operating Clearances in feet

Clearances

Operating clearance at all rated operating

conditions 1.8 1.8 1.9 2.3 25 2.7
Design adder for survey and installation tolerance 1.5 feet for all voltages
Design adder for vegetation Determined by designer (see Note 3 below)
ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE
Additional feet of clearance per 1000 feet of altitude above .02 .02 .05 .07 .08 A2
3300 feet

Notes:

1. These clearances apply to all transmission lines operated at 200 kV phase-to-phase and above and to any lower
voltage lines designated as critical (refer to NERC FAC 003).

2. The 230 kV clearance is based on 3.0 Per Unit switching surge.

3. The design adder for vegetation, applied to conductors displaced by wind, should account for reasonably anticipated tree
movement, species types and growth rates, species failure characteristics, and local climate and rainfall patterns. The
design adder for vegetation, applied to conductors at rest, should account for worker approach distances in addition to
the aforementioned factors.
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3 Clearances to Grain Bins: The NESC has defined clearances from grain
bins based on grain bins that are loaded by permanent or by portable
augers, conveyers, or elevator systems.

In NESC Figure 234-4(a), the horizontal clearance envelope for permanent
loading equipment is graphically displayed and shown Figure 5-3.

P = probe clearance, item 7, Table 4-2
H = horizontal clearance, item 7, Table 5-1
T = transition clearance

V1 = vertical clearance, item 2&3, Formbrent Ol
Table 4-2 A= Elevator | oy ope :
V, = vertical clearance, Table 4-1 T A% 4 Po \%l

Grain Bin Grain Bin

FIGURE 5-3: CLEARANCE TO GRAIN BINS NESC FIGURE 234-4a
From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.

Because the vertical distance from the probe in Table 4-2, item 7.0, is greater than
the horizontal distance, (see Table 5-1, item 7.0), the user may want to simplify
design and use this distance as the horizontal clearance distance as shown below:

No overhead lines

FIGURE 5-4: HORIZONTAL ol P | Bprmanent NN B - T
CLEARANCE TO GRAIN | "r‘j:fbe

BINS, CONDUCTORS AT REST

P = clearance from item 7, Table 4-2

Grain Bin Grain Bin

No Overhead Lines

FIGURE 5-5: HORIZONTAL ltem 7.0
CLEARANCE TO GRAIN BINS, u 7 Table 5-1
CONDUCTORS DISPLACED = =
BY 6 PSF WIND | Bomien |

H r-Probe:
Pol H

Grain Bin Grain Bin
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The clearance envelope for portable loading equipment from NESC Figure
234(b), is shown in Figure 5-6.

Follows the ground dope  Flal

\ |

A 1:' T T F - H U_
: ¥ SSmi(18 N 16

7 H I |
S e LA _|__,."E'.., Lo 45m({15N)
]—

B
Seae Rule 232 == Hee Rule 212

1 ] LI L L | L]

B = Height of highast filing or

proking port on gran bin ELEVATION In the ares of sloped clooronce, the
A=y oe 5.5m (18 M wariical clearance & reduced by
[ = Variable harizontal A0 mm |1 1) for each adddional
dimension 450 mm | 1.5 1) of horzonial distancs

from tha grair bin

LOADNNG SIDE e ﬁ
w5 ok
4 .".
Sloped d A
A
I N
-'-- "
—— NN LOADING SI0DE
/ Flat top of Sloped
! 7 clearanca
| f/ envilope over
|' / praan bin
II _}_._,_\L S 0m {151
s Sloped |- A o S
L1
I i 4 Rule 232 area
II II'._ -
\ !
\ LY Area of sloped
Sloped clEarance
%, -
-,
Ses Rule 737 By
, Y
v, ¥
. - Bloped [
Area of skoped b S ..._."
clearance ——— f
PLAM VIEW

FIGURE 5-6: NESC CLEARANCE TO GRAIN BINS
WITH PORTABLE LOADING EQUIPMENT
From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.

In order to simplify the clearance envelope, the horizontal clearances in category
8 of Table 5-1 are shown as ‘H’ in the drawing below:

No Overhead
LOADING SIDE ® Lia NON-L OADING
- mes | | -
1 1 15'
Ht : : /
B
.:\ e T T T -\.\.E;é::"i \\Q"\ \\Q"\ \&ﬁw&&‘?

FIGURE 5-7: SIMPLIFIED RECOMMENDATIONS FOR CLEARANCES
TO GRAIN BINS WITH PORTABLE LOADING EQUIPMENT
Total Horizontal Clearance = Ht = (24’ + B) + 1.5B
Horizontal clearance is for highest voltage of 230kV
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4) Altitude Greater Than 3300 Feet: If the altitude of the transmission line or
portion thereof is greater than 3300 feet, an additional clearance as
indicated in Table 5-1 and 5-2 has to be added to the base clearance given.

5) Total Horizontal Clearance to Point of Insulator Suspension to Object: As
can be seen from Figure 5-1, the total horizontal clearance (y) is:

y=(¢,+S,)sing+x+6 Eq. 5-1

Symbols are defined in Section 5.b.(1) and figure 5-1. The factor "5"
indicates that structure deflection should be taken into account. For post
insulators, ¢ = 0.

For the sake of simplicity when determining horizontal clearances, the
insulator string should be assumed to have the same swing angle as the
conductor. This assumption should be made only in this chapter as its use
in calculations elsewhere may not be appropriate.

The conductor swing angle (¢ ) under wind can be determined from the

formula.
e tanl((dc)(': )J Eq. 5-2
12 w,
where
de = conductor diameter in inches
We = weight of conductor in Ibs./ft.
F = wind force;

The total horizontal distance (y) at a particular point in the span depends
upon the conductor sag at that point. The value of (y) for a structure
adjacent to the maximum sag point will be greater than the value of (y) for
a structure placed elsewhere along the span. See Figure 5-2.

Top view of line

Conductor —— [ == == e = —— —
position with no
wind blowing. [P m——— e e ———
ST T 1r_ _______ =
Conductor in blown /\ y /
out position. z X

x = clearance from wind-displaced conductor, y= total horizontal clearance from conductor at rest

FIGURE 5-8: A TOP VIEW OF A LINE SHOWING
TOTAL HORIZONTAL CLEARANCE REQUIREMENTS



At rest:

NESC Horizontal Clear.
NESC Horizontal Clear.

Recommended Clearance

Conductors displaced by 6 psf win
NESC Horizontal Clear.

NESC Horizontal Clear.

Recommended Clearance
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(6) Examples of Horizontal Clearance Calculations: The following examples
demonstrate the derivation of the horizontal clearance in Table 5-1 of this
bulletin.

To determine the horizontal clearance of a 115 kV line to a building
(category 2.0 of Table 5-1), the clearance is based on NESC Table 234-1
and NESC Rule 234,

NESC Basic Clearance (Table 234-1) + .4(kV ¢ — 22)/12
7.5 feet + .4(69.7-22)/12 feet

7.5 feet + 1.59 feet

9.09 feet

NESC Horizontal Clearance + Adder
9.09 feet + 1.5 feet
10.59 feet (10.60 feet in Table 5-1)

y
'NESC Basic Clearance (Table 234-1) + .4(kV . — 22)/12
4.5 feet + .4(69.7-22)/12 feet

4.5 feet + 1.59 feet
6.09 feet

mniinilna

NESC Horizontal Clearance + Adder
6.09 feet + 1.5 feet
7.59 feet (7.6 feet in Table 5-1)

x

Right-of-Way (ROW) Width: For transmission lines, a right-of-way provides an
environment which allows the line to be operated and maintained safely and
reliably. Determination of the right-of-way width is a task that requires the
consideration of a variety of judgmental, technical, and economic factors.

Typical right-of-way widths (predominantly H-frames) that have been used by
agency borrowers in the past are shown in Table 5-3. In many cases a range of
widths is provided. The actual width used will depend upon the particulars of the
line design.

TABLE 5-3
TYPICAL RIGHT-OF-WAY WIDTHS

ROW Width, ft. 75-100 100 100-150 100-150 125-200

Nominal Line-to-Line Voltage in kV
69 115 138 161 230

Calculation of Right-of-Way Width for a Single Line of Structures on a Right-of-
Way: Right-of-way widths can be calculated using the method described below.
The calculated values for right-of-way widths are directly related to the particular
parameters of the line design. This method provides sufficient width to meet
clearance requirements to buildings of undetermined height or vegetation located
directly on the edge of the right-of-way. See Figures 5-8 and 5-9.
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FIGURE 5-9: ROW WIDTH FOR SINGLE LINE OF STRUCTURES
W=A+2(4+S )sing+ 25+ 2x Eq. 5-3
where:
W = total right-of-way width required
A = separation between points of suspension of insulator
strings for outer two phases
X = clearance required per Table 5-1 and appropriate

clearance derived from Table 5-2 of this bulletin
(include altitude correction if necessary)
y = clearance required per Section 5.b.(1) and Table 5-1
and appropriate clearance derived from Section 5.b.(2).
and Table 5-2 of this bulletin (include altitude
correction if necessary)
Other symbols are as previously defined. In some instances, clearance “x”
may control. In other instances, clearance “y” may control.

There are two ways of choosing the length (and thus the sag) on which the right-
of-way width is based. One is to use a width based on the maximum span length
in the line. The other way is to base the width on a relatively long span, (the
ruling span, for instance), but not the longest span. For those spans that exceed
this base span, additional width is added as appropriate.

Right-of-Way Width for a Line Directly Next to a Road: The right-of-way width
for a line next to a road can be calculated based on the two previous sections with
one exception. No ROW is needed on the road side of the line as long as the
appropriate clearances to existing or possible future structures on the road side of
the line are met.

If a line is to be placed next to a roadway, consideration should be given to the
possibility that the road may be widened. If the line is on the road right-of-way,
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the borrower would generally be expected to pay for moving the line. If the right-
of-way is on private land, the highway department should pay. Considerations
involved in placing a line on a road right-of-way should also include evaluation of
local ordinances and requirements.

Right-of-Way Width for Two or More Lines of Structures on a Single Right-of
Way. To determine the right-of-way width when the right ROW contains two
parallel lines, start by calculating the distance from the outside phases of the lines
to the ROW edge (see Section 5.d). The distance between the two lines is
governed by the two criteria provided in section 5.f.1. If one of the lines involved
is an EHV line (345 kV and above), the National Electrical Safety Code should be
referred to for additional applicable clearance rules not covered in this bulletin.

1) Separation Between Lines as Dictated by Minimum Clearance Between
Conductors Carried on Different Supports. The horizontal clearance
between a phase conductor of one line to a phase conductor of another line
shall meet the larger of C1, or Co below, under the following conditions:
(a) both phase conductors displaced by a 6 psf wind at 60°F, final sag; (b)
if insulators are free to swing, one should be assumed to be displaced by a
6 Ibs/sq. ft. wind while the other should be assumed to be unaffected by
the wind (see Figure 5-10). The assumed wind direction should be that
which results in the greatest separation requirement. It should be noted
that in the Equations 5-5, and 5-6, the ‘31-82’ term, (the differential
structure deflection between the two lines of structures involved), is to be
taken into account. An additional 1.5 feet have been added to the NESC
clearance to obtain design clearances ‘C;’and “C,’.

C, =6.5+(5, - 5,) (NESC Rule 233B1) Eq. 5-5
C,=6.5 Jré[(kvLGl +kV o, )-22]+ (5, - 5,) (NESCRule 233B1)  Eq.5-6

where:
C,,C, = clearance requirements between conductors on
different lines in feet (largest value governs)
kVig, = maximum line-to-ground voltage in kV of line 1
kV g2 = maximum line-to-ground voltage in kV of line 2

6
.

deflection of the upwind structure in feet
deflection of the downwind structure in feet
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FIGURE 5-10: CLEARANCE BETWEEN CONDUCTORS OF ONE LINE
TO CONDUCTOR OF ANOTHER LINE

(@) Separation Between Lines as Dictated by Minimum Clearance of
Conductors From One Line to the Supporting Structure of Another. The
horizontal clearance of a phase conductor of one line to the supporting
structure of another when the conductor and insulator are displaced by a 6
psf wind at 60°F final sag should meet Equation 5-7.

C, = 6'+%(kVLG —22)+(5,-5,) Eq. 5-7

where:
kV = the maximum line-to-ground voltage in kV

another in feet
Other symbols are defined in Figure 5-1.

Additional 1.5 feet have been added to the NESC clearance and included
in equation 5-7 to obtain the design clearance ‘C3’.

——
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FIGURE 5-11: CLEARANCE BETWEEN CONDUCTORS OF ONE LINE
AND STRUCTURE OF ANOTHER
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The separation between lines will depend upon the spans and sags of the
lines as well as how structures of one line match up with structures of
another. In order to avoid the unreasonable task of determining separation
of structures span-by-span, a standard separation value should be used,
based on a worst case analysis. Thus if structures of one line do not
always line up with those of the other, the separation determined in section
5.f.(2) should be based on the assumption that the structure of one line is
located next to the mid-span point of the line that has the most sag.

Other Factors. Galloping should be taken into account in determining line
separation. In fact, it may be the determining factor in line separation.
See Chapter 6 for a discussion of galloping.

Standard phase spacing should also be taken into account. For example, if
two lines of the same voltage using the same type structures and phase
conductors are on a single ROW, a logical separation of the two closest
phases of the two lines should be at least the standard phase separation of
the structure.

Altitude Greater than 3300 Feet. If the altitude at which the lines included
in the design are installed greater than 3300 feet, NESC Section 23 rules
provide additional separation requirements.
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6 CLEARANCES BETWEEN CONDUCTORS AND BETWEEN CONDUCTORS AND
OVERHEAD GROUND WIRES

a

General. The preliminary comments and assumptions of Chapter 4, section 4.b,
also apply to this chapter.

This chapter considers design limits related to conductor separation. It is assumed
that only standard agency structures will be used, thus making it unnecessary to
check conductor separation at structures. Therefore, the only separation values
left to consider are those related to span length and conductor sags.

Maximum span lengths may be controlled by conductor separation. Other factors
which may limit span length, but are not covered in this chapter, are structure
strength, insulator strength, and ground clearance.

Maximum Span as Limited by Horizontal Conductor Separation. Sufficient
horizontal separation between phases is necessary to prevent swinging contacts
and flashovers between conductors where there is insufficient vertical separation.

1) Situations Under Which Maximum Span as Limited by Horizontal
Separation are to be Met.

If the vertical separation

(regardless of horizontal

displacement) of phase

conductors of the same or

different circuit(s) at the

structure is less than the

appropriate values provided in

Table 6-1,then the % B N
recommendations in sections [©]

6.b.(2), 6.b.(3), and 6.b.(4) of
this section should be met.

o

FIGURE 6-1: EXAMPLE OF VERTICAL AND HORIZONTAL
SEPARATION VALUES

(@) Horizontal Separation Recommendations. Equation 6-1 gives an
horizontal phase spacing (relative to conductor sag, and thus indirectly to
span length) that should be sufficient to prevent swinging contacts or
flashovers between phases of the same or different circuits.

H =(0.025)kV + F, /S, +,(sin ¢, ) Eq. 6-1
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where:
H = horizontal separation between the phase conductors at the
structure in feet.
kV = (phases of the same circuit) the nominal line-to-line voltage

in 1000's of volts for 34.5 and 46 kV and 1.05 times the
nominal voltage in 1000's of volts for higher voltages

kV = (phases of different circuits) 1.05 times the magnitude of the
voltage vector between the phases in 1000's of volts. kV
should never be less than 1.05 times the nominal line-to-
ground voltage in 1000's of volts of the higher voltage circuit
involved regardless of how the voltage vectors add up. The
voltage between the phases should be taken as the sum of the
two line-to-ground voltages, based on 1.05 times nominal
voltage.

Fc = experience factor
@max = maximum 6 psf insulator swing angle for the structure in
question. See Chapter 7 of this bulletin.
S; = final sag of the conductor at 60°F, no load, in feet
¢, = length of the insulator string in feet, ¢;= 0 for post or
restrained suspension insulators
V = vertical separation between phase conductors

at the structure in feet

The experience factor (Fc) may vary from a minimum of 0.67 to a
maximum of 1.4, depending upon how severe the wind and ice conditions
are judged to be. The following are values of F that have proved to be
satisfactory in the past.

Fc¢ = 1.15 for the light loading zone
Fc = 1.2 for the medium loading zone
Fc = 1.25 for the heavy loading zone

Any value of F¢ in the 0.67 to 1.4 range may be used if it is thought to be
reasonable and prudent. There has been significant favorable experience
with larger conductor sizes that have horizontal spacing based on an F¢
factor of 0.67. Therefore, F¢ factor values significantly less than the
values listed above may be appropriate. If Fq values less than those given
above are used, careful attention should be paid to galloping as a possible
limiting condition on the maximum span length.



TABLE 6-1
RECOMMENDED VERTICAL SEPARATION IN FEET BETWEEN PHASES OF THE SAME
OR DIFFERENT CIRCUITS ATTACHED TO THE SAME RUS STANDARD STRUCTURE
(For separations less than those shown, see Sections 6.b.(2), 6.b.(3), and 6.b.(4) to calculate
horizontal separation) (See Notes E & F)
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Nominal voltage, Line-to-Line Voltage in kV | 345 & 69 115 138 161 230
46
Max. Operating Voltage, Phase to Phase, kV 72.5 120.8 144.9 | 169.1 241.5
Max. Operating Voltage, Phase to Ground, kV 41.8 69.7 83.7 97.6 139.4
Vertical Separation Separation in feet

Minimum Vertical Separation at Support

1. Phases of the same circuit (Note A) 3.2 4.0 5.6 6.4 7.2 9.6
(Based on NESC Table 235-5)

2. Phases of different circuits (Notes B & D) 5.4 6.3 8.2 9.1 10.1 12.8
(Based on NESC Table 235-5,footnote 7
criteria for different utilities)

3. Phase conductors and overhead ground 25 2.9 3.9 4.3 4.8 6.4
wires (Based on NESC 235C and 233C3)

Minimum Vertical Separation in Span

4. Phases of the same circuit (Notes A & G) 2.5*% 3.3 4.9 5.7 6.5 9.0
(Based on NESC Table 235-5 and NESC *75% of corresponding value in Line 1.
235C2b(1)), H> 1.0 ft., Figure 6-4

5. Phases of different circuits (Notes C, D & G) 4.2 5.2 7.0 7.9 8.9 11.7
(Based on NESC Table 235-5, footnote
7 criteria for different utilities NESC Rule
235C2b.), H> 1.0 ft.,
Figure 6-4

6. Phase conductors and overhead ground 1.9%* 2.2%* 3.2 3.7 4.1 5.6
wires (H = 1.0 ft., Figure 6-4), Notes D & G

**75% of corresponding values in Line 3.

ALTITUDE CORRECTION TO BE ADDED TO VALUES ABOVE
Clearance values in table above shall be increased 3% for each 1,000 ft. in excess of 3,300 ft. above
mean sea level.

Notes:

(A) There are no NESC values specified for vertical separation of conductors of the same circuit for

voltages above 50 kV line-to-line.

(B) Assumes both circuits have the same nominal voltage.

determined using Equation 6-2 below.

v-40, 4
12 1
where:
kKVigt =
KViga =

If they do not, the vertical separation can be

6
o KV, o + KV o, —8.7)+E(NoteD)

Line to ground voltage circuit one, kilovolts.
Line to ground voltage circuit two, kilovolts.

Eq. 6-2
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TABLE 6-1 (continued)
RECOMMENDED VERTICAL SEPARATION IN FEET BETWEEN PHASES
OF THE SAME OR DIFFERENT CIRCUITS ATTACHED TO THE SAME STRUCTURE
(For separations less than those shown, Equation 6-1 applies) (See Notes E & F)

(C) Assumes both circuits have the same nominal voltage. If they do not, the vertical separation can be
determined using Equation 6-2a below.

40 A4 4 6
V=.75—+-—0B0-8.7) |+ —(kV, -, +kV,., —50)+—(NoteD) Eg.6-2
[12 12( )} 12( LG1 LG2 ) 12( ) Q. 0-ca

(D) An additional 0.5 feet of clearance is added to the NESC clearance to obtain the recommended
design clearances.

(E) The values in this table are not recommended as minimum vertical separations at the structure for
non-standard agency structures. They are intended only to be used on standard agency structures to
determine whether or not horizontal separation calculations are required.

(F) The upper conductor is at final sag at the maximum operating temperature and the lower conductor
is at final sag at the same ambient conditions as the upper conductor without electrical loading and
without ice loading; or, the upper conductor is at final sag at 32° with radial ice from either the medium
loading district or the heavy loading district and the lower conductor is at final sag at 32°F.

(G) In areas subjected to icing, an additional 2.0 feet of clearance should be added to the above
clearances when conductors or wires are directly over one another or have less than a one foot
horizontal offset. See section 6.c of this bulletin.

3 Additional Horizontal Separation Equation. Equation 6-3 below,
commonly known as the Percy Thomas formula, may be used in addition
to (but not instead of) equation 6-1 for determining the horizontal
separation between the phases at the structure. Equation 6-3 takes into
account the weight, diameter, sag, and span length of the conductor.

E )d. IS .
H =(.025)kv +%°)(p)+%' Eq. 6-3

c
where:
dc = conductor diameter in inches
w, = weight of conductor in Ib/ft
E. = an experience factor. It is generally recommended that Ec be larger
than 1.25
Sp = sag of conductor at 60°F, expressed as a percent of span length

All other symbols as previously defined.

By using the Thomas formula to determine values of Ec, the spacing of
conductors on lines which have operated successfully in a locality can be
examined. These values of Ec may be helpful in determining other safe
spacings.

4) Maximum Span Based on Horizontal Separation at the Structure.
Equation 6-1 can be rewritten and combined with Equation 10-1 (Chapter
10) to yield the maximum allowable span, given the horizontal separation




Bulletin 1724E-200
Page 6-5

at the structure and the sag and length of the ruling span. See Chapter 9
for a discussion of ruling span.

L (RS)( H —(.025)kV —, sin ¢max] £q. 6-4
Fc\/SRS
where:
Lnax = Mmaximum span as limited by conductor separation in feet

RS
Srs

length of ruling span in feet
sag of the ruling span at 60°F final sag in feet

Other symbols are as previously defined for Eq. 6-1.

(5) Maximum Span Based on Vertical Separation. Since vertical separation is
related to the relative sags of the phase conductors involved, and since
sags are related to span length, a maximum span as limited by vertical
separation can be determined. The formula for the maximum span as
limited by vertical separation is:

L. =(RS) b, -5 Eq. 6-5
¢ Mu
where
Lmax = maximum allowable span in feet

Dy = required vertical separation at mid-span in feet
B = vertical separation at supports in feet
S, = sag of lower conductor in feet without ice

Sy = sag of upper conductor wire in feet with ice

RS = ruling span in feet

(6) Example of Clearance Calculations. The following example demonstrates
the derivation of the vertical separation at a support for phases of different
circuits in Tables 6-1 of this bulletin.

To determine the vertical separation of a 115 kV line to another 115 kV
circuit, the clearance is based on NESC Table 235-5 and NESC Rule 235.

At the support, phases of different circuits:

NESC Vertical Separation = 40 inches/12 in./ft + .4(kV ¢ + KV .c — 8.7)/12 ft.
= 3.333 ft. + .4(69.7+69.7-8.7)/12 ft.

= 3.33 ft.+ 4.36 ft.
NESC Vertical Separation = 7.69 feet
Recommended Vertical Separation = NESC Vertical Separation + suggested Adder
=7.69 feet + 0.5 feet

= 8.19 feet (8.2 feet in Table 6-1)
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In the span, phases of different circuits:
NESC Vertical Separation _ 0_75{% + %(50 - 8.7)} + %(kvm +KkV ¢, —50)

=0.75(3.33+1.37) ft + (.4/12)(69.7+69.7-50) feet

= 3.53 ft. + 2.98 feet
NESC Vertical
Separation in the Span

6.51 feet
Recommended Clearance = NESC Vertical Separation + suggested Adder
= 6.51 feet + .5 feet

=7.01 feet (7.0 feet in Table 6-1)

Maximum Span as Limited by Conductor Separation Under Differential Ice
Loading Conditions.

1) General. There is a tendency among conductors covered with ice, for the
conductor closest to the ground to drop its ice first. Upon unloading its ice
the lower conductor may jump up toward the upper conductor, possibly
resulting in a temporary short circuit. After the lower conductor recovers
from its initial ice-jump it may settle into a position with less sag than
before, which may persist for long periods of time. If the upper conductor
has not dropped its ice, the reduced separation may result in a flashover
between phases.

The clearance recommendations provided in paragraph 6.c.(2) of this
section are intended to insure that sufficient separation will be maintained
during differential ice loading conditions with an approach towards
providing clearance for the ice-jump.

2 Clearance Recommendations. The minimum vertical distance (D,) in span
between phase conductors, and between phase conductors and overhead
ground wires under differential ice loading conditions, are provided in
Table 6-1. These vertical separations in span are recommended in cases
where the horizontal separation between conductors (H) is greater than
one foot (H >1.0 ft). When conductors or wires are directly over one
another or have less than a 1 foot horizontal offset, it is recommended that
an additional 2 feet of clearance be added to the values given in Table 6-1.
The purpose of this requirement is to improve the performance of the line
under ice-jump conditions. It has been found that a horizontal offset of as
little as 1 foot significantly lessens the ice-jump problem. Figure 6-4
indicates the horizontal and vertical components of clearance and their
relationship. Q

Upper conductor at 32°F, final sag,
ice for medium or heavy loading district.

D,

(Y
Lower conductor at 32° F,
H final sag, no ice.

FIGURE 6-2: MINIMUM DISTANCE BETWEEN CONDUCTORS
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Conditions Under Which Clearances Apply. Lines should be designed so
that clearances are considered with the upper conductor at 32°F, final sag,
and a radial thickness of ice equal to the ice thickness from either the
medium loading district or the heavy loading district. The lower
conductor should be at 32°F, final sag, no ice. The designer is reminded
to check clearances for the upper conductor at the maximum operating
temperature (no wind) and the lower conductor at ambient temperature
(see Note F of Table 6-1).

Overhead Ground Wire Sags and Clearances. In addition to checking clearances
between the overhead ground wire (OHGW) and phase conductors under
differential ice loading conditions, it is also important that the relative sags of the
phase conductors and the OHGW be coordinated so that under more commonly
occurring conditions, there will be a reasonably low chance of a mid-span
flashover. Adequate midspan separation is usually assured for standard agency
structures by keeping the sag of the OHGW at 60°F initial sag, no load conditions
to 80 percent of the phase conductors under the same conditions.

Maximum Span as Limited by Gallopinag.

1)

The Galloping Phenomenon. Galloping, sometimes called dancing, is a
phenomenon where the transmission line conductors vibrate with very
large amplitudes. This movement of conductors may result in: (1) contact
between phase conductors or between phase conductors and overhead
ground wires, resulting in electrical outages and conductor burning,

(2) conductor failure at support point due to the violent stress caused by
galloping, (3) possible structure damage, and (4) excessive conductor sag
due to the overstressing of conductors.

Galloping usually occurs only when a steady, moderate wind blows over a
conductor covered by a layer of ice deposited by freezing rain, mist or
sleet. The coating may vary from a very thin glaze on one side to a solid
three-inch cover and may give the conductor a slightly out-of-round,
elliptical, or quasi-airfoil shape. The wind blowing over this irregular
shape results in aerodynamic lift which causes the conductor to gallop.
The driving wind can be anything between 5 to 45 miles per hour at an
angle to the line of 10 to 90 degrees and may be unsteady in velocity or
direction.

During galloping, the conductors oscillate elliptically at frequencies on the
order of 1-Hz or less with vertical amplitudes of several feet. Sometimes
two loops appear, superimposed on one basic loop. Single-loop galloping
rarely occurs in spans over 600 to 700 feet. This is fortunate since it
would be impractical to provide clearances large enough in long spans to
prevent the possibility of contact between phases. In double-loop
galloping, the maximum amplitude usually occurs at the quarter span
points and is smaller than that resulting from single-loop galloping. There
are several measures that can be incorporated at the design stage of a line
to reduce potential conductor contacts caused by galloping, such as
designing the line to have shorter spans, or increased phase separation.
The H-frame structures provide very good phase spacing for reducing
galloping contacts.
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Galloping Considerations in the Design of Transmission Lines. In areas
where galloping is either historically known to occur or is expected,
designers should indicate design measures that will minimize galloping
and galloping problems, especially conductor contacts. The primary tool
for assuring absence of conductor contacts is to superimpose Lissajous
ellipses over a scaled diagram of the structure to indicate the theoretical
path of a galloping conductor. See Figures 6-3 and 6-4. To avoid contact
between phase conductors or between phase conductors and overhead
ground wires, none of the conductor ellipses should touch one another.
However, if galloping is expected to be infrequent and of minimal
severity, there may be situations where allowing ellipses to overlap may
be the favored design choice when economics are considered.
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FIGURE 6-3: GUIDE FOR PREPARATION OF LISSAJOUS ELLIPSES
POINT OF SUSPENSION
INSULATOR SUPPORT POINT OF CONDUCTOR
‘\ ATTACHMENT
¢= tan‘l[ e j Eq. 6-6
WC
Single Loop Double Loop
2
3a[L + 85 _ ZaJ
Major Axis | M=125S; +10  Eq.6-7 M =104+ 3L Eq. 6-8
where
2
a= (Lj +5?
2
Distance ‘B’ | B=0.25S; Eq. 6-9 B=02M Eq. 6-10
Minor Axis | D = 0.4M Eq. 6-11 D=2yM-10 Eq. 6-12
Where:
pc = wind load per unit length on iced conductor in Ibs/ft.
Assume a 2 psf wind
we = weight per unit length of conductor plus 1/2 in. of radial ice,
Ibs/ft
L = span length in feet
M = major axis of Lissajous ellipses in feet
Sj = final sag of conductor with 1/2 in. of radial ice,
no wind, at 32°F, in fee.
D = minor axis of Lissajous ellipses in feet
B,@ = asdefined in figure above
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¢ A I A ESANAIAN

FIGURE 6-4: SINGLE LOOP GALLOPING ANALYSIS

Clearance Between Conductors in a Crossarm to Vertical Construction Span.
Conductor contacts in spans changing from crossarm to vertical type construction
may be reduced by proper phase arrangement and by limiting span lengths.
Limiting span lengths well below the average span lengths is particularly
important in areas where ice and sleet conditions can be expected to occur. See
Figure 6-5.

FIGURE 6-5: PROPER PHASE ARRANGEMENTS FOR CROSSARM
TO VERTICAL CONSTRUCTION
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7 INSULATOR SWING AND CLEARANCES OF CONDUCTORS FROM
SUPPORTING STRUCTURES

a

Introduction. Suspension insulator strings supporting transmission conductors,
either at tangent or angle structures, are usually free to swing about their points of
support. Therefore, it is necessary to ensure that when the insulators do swing,
clearances are maintained to structures and guy wires. The amount of swing
varies with such factors as: conductor tension, temperature, wind velocity,
insulator weight, ratio of weight span to wind span, and line angle.

The force due to line angle will cause suspension strings to swing in the direction
of the line angle of the structure. Wind blowing on the conductor span will exert
a force in the direction of the wind. These two forces may act either in the same
or opposite direction. The algebraic sum of the two forces determines the net
swing direction. Line angle forces and wind forces also interact with the vertical
forces of the conductor weight and insulator string weight. The vector sum of
these forces determines the net angle from the vertical axis to which the insulator
string will swing. This net insulator swing angle should be calculated for several
key weather conditions so that corresponding phase-to-ground clearances may be
checked on a particular pole-top arrangement.

The purpose of this chapter is to explain how insulator swing application guides
called swing charts are prepared. Chapter 10 explains how these charts are used
in laying out a line.

Clearances and Their Application. Table 7-1 provides information on three sets
of clearances that can ensure proper separation between conductors and structures
or guys under various weather conditions. Figure 7-1 illustrates the various
situations in which the clearances are to be applied.

1) No-Wind Clearance. The no wind clearance provides a balanced
insulation system in which the insulating value of the air gap is
approximately the same as that of the insulator string for a tangent
structure. (See Table 8-1 for insulation levels. Note that tangent structures
do not include the extra insulators used with angle structures).

Conditions at which no-wind clearances are to be maintained follow:
- Wind: Assume no wind.

- Temperature: Assume a temperature of 60°F. See Figure 7-1 for
conductor condition. The engineer may also want to evaluate
clearances at cold conditions (such as -20°F initial sag) and hot
conditions (such as 167°F final sag).

@) Moderate Wind Clearance. This clearance is the minimum clearance that
should be maintained under conditions that are expected to occur
occasionally. A typical condition may be the wind that reoccurs no less
than once every two years (probability of occurrence no more than 50
percent). Clearance values for moderate wind clearance conditions will
have a lower flashover value than clearance values for the no-wind
condition. These lower clearance values are acceptable because under
moderate wind conditions, the specified clearance will be sufficient to




©)

Bulletin 1724E-200
Page 7-2

withstand most of the severe voltage stress situations for wind conditions
that are not expected to occur often.

Refer to Table 7-1 for minimum clearances from conductor to structure
and guys, and for additional clearance required at altitudes above 3,300
feet.

Conditions at which moderate wind clearances are to be maintained
follow:

- Wind. Assume a wind of at least 6 psf blowing in the direction shown
in Figure 7-1. Higher wind pressures can be used if judgment and
experience deem them to be necessary. However, the use of
excessively high wind values could result in a design that is overly
restrictive and costly. It is recommended that wind pressure values of
no higher than 9 psf (60 mph) be used for the moderate wind clearance
design unless special circumstances exist.

- Temperature. Temperature conditions under which the clearances are
to be maintained depend upon the type of structure. A temperature of
no more than 32°F should be used for tangent and small angle
structures where the insulator string is suspended from a crossarm. A
lower temperature value should be used where such a temperature can
be reasonably expected to occur in conjunction with the wind value
assumed. It should be borne in mind, however, the insulator swing
will increase at lower temperatures because conductor tensions
increase. Therefore, in choosing a temperature lower than 32°F, one
should weigh the increase in conservatism of line design against the
increase or decrease in line cost. NESC Rule 235.B.2 requires a
temperature no higher than 60°F final tension.

A temperature of 60°F should be used for angle structures where the force
due to change in direction of the conductor holds the insulator string away
from the structure. Even if the maximum conductor temperature is
significantly greater than 60°F, a higher temperature need not be used as
an assumed wind value of 40 mph (6 psf)) has quite a cooling effect.

Assume final sag conditions for 60°F temperature and initial sag
conditions for 32°F.

High Wind Clearance. This is the minimum clearance that should be
maintained under high wind conditions that are expected to occur very
rarely. The clearances provide enough of an air gap to withstand up to a
60 Hz flashover. Choice of such values is based on the philosophy that
under very rare high wind conditions, the line should not flashover due to
the 60 Hz voltage.

Conditions under which high wind clearances are to be maintained are:

- Wind. The minimum assumed wind value should be at least the 10-
year mean recurrence interval wind blowing in the direction shown in
Figure 7-1. More wind may be assumed if deemed appropriate.
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- Temperature. The temperature assumed should be that temperature at
which the wind is expected to occur. The conductor should be
assumed to be at final tension conditions.

To determine the velocity of the wind for a 10 year return period, the
following factors should be applied to the 50 year peak gust wind speed
(See Figures 11-2a, b, c and d in Chapter 11).

V =85t0100 mph, Alaska V > 100 mph
Continental U.S. (hurricane)

0.84 0.87 0.74
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FIGURE 7-1
ILLUSTRATION OF STRUCTURE INSULATOR SWING ANGLE LIMITS AND
CONDITIONS* UNDER WHICH THEY APPLY (EXCLUDES BACKSWING)

QQXEE’\E,_\@EE No Wind Moderate Wind High Wind
STRUCTURES Insulator Swing Insulator Swing Insulator Swing
B wind A wind
< <
[® O u©| [® = H@>| [© O] \}I@I
= J \ W
0 = | o, : Q\J
Conditions* at which s 27 08
clearances are to be — JLCJ
maintained La | LLJ
e Lineangle Force due <= [Force que s | Force (U
to line angle (if any) to line angle (if any) to line angle (if any)
e Wind force 0 6 psf minimum 10 year mean wind,
recommended value
e Temperature 60°F 32°F or lower Temp. at which wind
value is expected
e Conductor tension Final tension Initial tension Final tension
MEDIUM AND
LARGE ANGLE .
STRUCTURES wind
P e |
P
% 2
21 " =
Conditions* at which a L
clearances are to be b 2,
maintained
e Lineangle Force due =iy | Force due —S—]-
to line angle to line angle to line angle
e Wind force 0 6 psf minimum 10 year mean wind,
min. recommended
value
e Temperature 60°F 60°F or lower Temp. at which wind
value is expected
e Conductor tension Final tension Final tension Final tension

a = No wind clearance b = Moderate wind clearance ¢ = High wind clearance
*See text for full explanation of conditions.
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RECOMMENDED MINIMUM CLEARANCES IN INCHES AT CONDUCTOR TO

SURFACE OF STRUCTURE OR GUY WIRES

Nominal voltage, Phase to Phase, 34.5 46 69 115 138 161 230

kv

Standard Number of 5-3/4"x10” 3 3 4 7 8 10 12

Insulators on Tangent Structures

Max. Operating Voltage, Phase to 34.5 46 72,5 120.8 144.9 169.1 241.5

Phase, kV

Max. Operating Voltage, Phase to 19.9 26.6 41.8 69.7 83.7 97.6 139.4

Ground, kV

Clearance in inches

No Wind Clearance (Not NESC)

Min. clearance to structure or guy at no

wind in inches Notes A, B 19 19 25 42 48 60 n

Moderate Wind Clearance

(NESC Table 235-6)
Min. clear. to structure at 6 psf of
wind in inches. Notes C, D 9 1 16 26 30 35 50
Min. clear. to jointly used structures
and a 6 psf of wind in inches. 11 13 18 28 32 37 52
Notes C, D
Min. clearance to anchor guys at 6 psf
in inches Notes C, D 13 16 22 34 40 46 64
High Wind Clearance
(Not NESC)

Min. clearance to structure or guy at 3 3 5 10 12 14 20

high wind in inches

Notes:

(A) Ifinsulators in excess of the standard number for tangent structures are used, the no wind clearance value
shown should be increased by 6 in. for each additional bell. If the excess insulators are needed for
contamination purposes, this additional clearance is not necessary. For non-ceramic suspension insulators,
the no wind clearance should be, at minimum, the length of the insulator plus 2”.

(B) For post insulators, the no wind clearance to structure or guy is the length of the post insulator.

(C) A higher wind may be assumed if deemed necessary.

(D) The following values should be added as appropriate where the altitude exceeds 3300 feet

Additional inches of clearance per 1000 feet of altitude above 3300 feet

Voltage, kV 345 46 69 115 138 161 230
Clearance to structure 0 0 .14 43 .57 72 1.15
Clearance to anchor guy 0 0 17 .54 .72 .90 1.44
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4) Example of Clearance Calculations: The following examples demonstrate
the derivation of the minimum clearance to anchor guys at 6 psf.

To determine the minimum clearance of a 115 kV line to an anchor guy
(Table 7-1) at 6 psf, the clearance is based on NESC Table 235-6 and
NESC Rule 235E.

NESC Basic Clearance(Table 235-6) + .25(kV .. — 50)
16 inches + .25(120.8-50) inches
16 inches + 17.7 inches

NESC Clear. in any direction.= 33.7 inches ( clearance in Table 7-1is 34 inches)

c

Backswing. Insulator swing considerations are illustrated in Figure 7-1. For
angle structures where the insulator string is attached to the crossarm, the most
severe condition is usually where the force of the wind and the force of the line
angle are acting in the same direction. However, for small angle structures, it is
possible that the limiting swing condition may be when the wind force is in a
direction opposite of that due to the force of the line angle. This situation is
called backswing, as it is a swing in a direction opposite of that in which the
insulator is pulled by the line angle force. Figure 7-2 illustrates backswing.

When calculating backswing, it is necessary to assume those conditions that
would tend to make the swing worse, which usually is low conductor tension or
small line angles. It is recommended that the temperature conditions for large
angle structures in Figure 7-1 be used, as they result in lower conductor tensions.

direction of line angle

| |

. ;
g
%“‘“%3]\} 2 normal position of

insulators (no wind,
back |forward no ice)
swing |swing

FIGURE 7-2: FORWARD AND BACKWARD SWING ANGLES

el

Structure Insulator Swing Values. Table 7-2 provides the allowable insulator
swing angle values for some of the most often used standard agency tangent
structures. These values represent the maximum angle from the vertical that

an insulator string of the indicated number of standard bells may swing in toward
the structure without violating the clearance category recommendation indicated
at the top of each column. For tangent structures, the most restrictive angle for
the particular clearance category for the entire structure is given. Thus, for an
asymmetrical tangent structure (TS-1 for instance) where the allowable swing
angle depends upon whether the insulators are assumed to be displaced to the
right or left, the use of the most restrictive value means that the orientation of the
structures with respect to the line angle need not be considered. For certain angle
structures the insulator string has to be swung away from the structure in order to
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maintain the necessary clearance. These situations usually occur for large angle

structures where the insulator string is attached directly to the pole or to a bracket
on the pole and where the force due to the change in direction of the conductors is
relied upon to hold the conductors away from the structure.

INSULATOR SWING ANGLE VALUES IN DEGREES

TABLE 7-2

(For insulator string with ball hooks)

Structure and Number of No Wind Moderate Wind High Wind
Voltage Insulators Swing Angle Swing Angle Swing Angle
69 kV
TS-1, TS-1X 4 21.3 41.4 74.9
TSZ-1, TSZ-2 4 41.7 61.2 82.6
TH-1,TH-1G 4 35.6 61.2 85.6
115 kV - TH-1A 7 28.3 58.7 80.8
161 kV - TH-10 10 16.4 53.2 77.7
230 kV - TH-230 12 16.5 47.5 74.8

Line Design and Structure Clearances. Insulator swing has a key effect on
acceptable horizontal to vertical span ratios. Under a given set of wind and
temperature conditions, an insulator string on a structure will swing at an angle
toward the structure a given number of degrees. The angle of this swing is related
to a ratio of horizontal to vertical forces on the insulator string. A relationship
between the horizontal span, the vertical span, and if applicable, the line angle can
then be developed for the structure, conductor, and weather. Horizontal and
vertical spans are explained in Figure 7-4.

The acceptable limits of horizontal to vertical span ratios are plotted on a chart
called an insulator swing chart. Such a chart can be easily used for checking or
plotting out plan and profile sheets. Figures 7-3 and 7-5 show simplified insulator
swing charts for the moderate wind condition only. There is one significant
difference between the chart for tangent structures, and the chart for angle
(running corner) structures. In Figure 7-3 for a typical tangent structure, the
greater the vertical span for a fixed horizontal span the less swing occurs. The
reverse is true for chart of Figure 7-5 for a typical angle structure. This occurs
because the swing chart in Figure 7-5 is for a large angle structure where the force
of the line angle is used to pull the insulator string away from the structure. As
such, the less vertical force there is from the weight span, the greater the
horizontal span can be.
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[T INSULATOR SWING CHART [ [\ 2
|| TH-230STRUCTURE |} W
800 L 9# WIND- ra
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HORIZONTAL SPAN

FIGURE 7-3: TYPICAL INSULATOR SWING CHART FOR A TH-230 TANGENT
STRUCTURE (Moderate Wind Swing Condition Only, 9 psf assumed instead of minimum
NESC 6 psf, No Line Angle Assumed)
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VS

VS1 VSs

1L,

HS
L = span,

L1 - span from structure 1 to 2
Lo = span from structure 2 to 3

HS = horizontal span
VS = vertical span

Span

Span is the horizontal distance from one structure to an adjacent structure
along the line.

Vertical Span

The vertical span (sometimes called the weight span) is the horizontal
distance between the lowest points on the sag curve of two adjacent spans.
The maximum sag point of a span may actually fall outside the span. The
vertical span length times the weight of the loaded conductor per foot will
yield the vertical force per conductor bearing down upon the structure and
insulators.

Horizontal Span

The horizontal span (sometimes called the wind span) is the horizontal
distance between the mid-span points of adjacent spans. Thus, twice the
horizontal span is equal to the sum of the adjacent spans. The horizontal
span length times the wind force per foot on the conductor will yield the
total horizontal force per conductor on the insulators and structure.

FIGURE 7-4: HORIZONTAL AND VERTICAL SPANS
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The “no wind’ insulator swing criteria will not be a limiting condition on
tangent structures as long as the line direction does not change and create
an angle in the line. If an angle is turned, it is possible that the ‘no wind’
condition might control. The other two criteria may control under any
circumstance. However, the high wind criteria will be significant in those
areas where unusually high winds can be expected. Thus, all three
conditions specified need to be checked.

100
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FIGURE 7-5: TYPICAL INSULATOR SWING CHART FOR
A TH-233 MEDIUM ANGLE STRUCTURE
(Moderate Wind Swing Condition, 9 psf assumed instead of minimum NESC 6 psf)

f Formulas for Insulator Swing: The formulas in equations 7-1 and 7-2, can be
used to determine the angle of insulator swing that will occur under a given set of
conditions for either tangent or angle structures.

2)T Nsin 6/2)+(HS ( p,
ang - )((Vé()(wc)+21/(2)(w)i()p ! =q. 71
P, = (4. XF) Eq. 7-2

12
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@ = angle with the vertical through which the insulator string swings, in
degrees
0 = line angle, in degrees
T = conductor tension, pounds
HS = horizontal span, feet
VS = vertical span, feet
P = wind load per unit length of bare conductor in pounds per foot
We = weight per unit length of bare conductor in pounds per foot
W; = weight of insulator string (wind pressure neglected), in pounds. (See
Appendix C for insulator string weights).
dc = conductor diameter in inches
- . 2
F = wind force in Ibs/ft

In order for equation 7-1 to be used properly, the following sign conventions are to be followed:

Condition Sign Assumed
. Wind - Blowing insulator toward structure +
o “(2)(T)(sin 6/2)” term (force on insulator due
to line angle):
Pulling insulator toward structure +

Pulling insulator away from structure -

o Insulator swing angle
Angle measured from a vertical line through point of insulator
support in toward structure +

Angle measured from a vertical line through point of insulator
support away from structure -

g Insulator Swing Charts. Insulator swing charts similar to those in Figures 7-4 and
7-5 can be developed by using equation 7-3 and the maximum angle of insulator
swing values as limited by clearance to structure.

Js  @T)sin0/2)+ (HSXp.) W, o 7

(w, tan ¢) (2)w)

The symbols and sign conditions are the same as those provided for equation 7-1.
Equation 7-3 is derived from equation 7-1 and solving for VS.

h Excessive Angles of Insulator Swing. If upon spotting a line, calculations show a
structure will have excessive insulator swing, one or more of the measures
outlined in Section 10.d of Chapter 10 of this bulletin may be required to alleviate
the problem.
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Example. For the TH-10 tangent structure, develop the insulator swing chart.
Assume that it is desired to turn slight angles with the tangent structure and the
insulator string assembly uses the ball hook.

1)

)

(@)

(b)

(©)

Voltage: 161 kV

Structure: TH-10

Conductor: 795 kemil 26/7 ACSR
Insulation: Standard (10 bells)

NESC heavy loading district
High winds: 14 psf
Ruling Span: 800 ft.

Conductor Tensions

6 psf wind
0°F
6,244 Ibs. initial tension

No wind

60°F

4,633 Ibs. final tension
12.5 psf wind

32°F

10,400 Ibs. final tension

Solution: Using the information on conductor sizes and weights,
allowable swing angles, insulator string weights from the appendices of
this bulletin and using equation 7-3, the calculation tables and the swing
chart in Figure 7-6 are created.

Example: On the plan and profile drawings, the engineering is checking insulator
swing for the TH-10 structure in example 7-9. For a certain TH-10 structure with
no line angle, the horizontal span is 800 feet. Determine the minimum vertical

span.
1)
(2)

Same Information as 7 i (1):

Solution: From Figure 7-6, for a horizontal span of 800 feet, the vertical
span must be greater than 241 feet (see also tables for Figure 7-6). Many
programs which are used to develop plan-profile drawings will
automatically check insulator swing or will use insulator swing as a
parameter in the spotting of structures.
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FIGURE 7-6 INSULATOR SWING CHART FOR EXAMPLE 7-9 (continued)
Vs (2)(T )(sin 9/2)+ (Hs)(pc) W, Note: for the no wind case, vertical span is independent
- (Wc )(tan ¢) (2)(Wc) of horizontal span. It is only dependent upon line angle.
o 1° 90 g = anglewith the vertical through which insulator
string swings.
sin 6/2 .00872 .01745
a) (2)(T)(sin 6/2) 80.26 161.71 0 = lineangle
b) (HS)(pc) 0 0 T = conductor tension
at+b 80.26 161.71 HS = horizontal span
c) (we)(tan @) 32 32 VS = vertical span
d) (a+b)/c 251.13 502.25 pc = wind load on conductors
e) Wil(2)(w,) 61.70 61.70 W, = weight of conductor/ft.
d-e=VS 189.43 440.55 W; = weight of insulator string
(0]
sin 0/2 o ﬁ\
a) (2)(T)(sin 0/2) - H
b) (HS)(p) 2 /
at+hb e |
C) (we)(tan &) > |
d) (a+hb)c o |
&) Wil2)(we) oried
d—e=VS
0 Structure:_TH-10 Ruling span 800 ft.
sin 0/2 Conductor: 795 26/7 ACSR Loading district: Heavy
a) (2)(T)(sin 6/2) Voltage: 161 kV No of Insulators: 10
b) (HS)(p.) Insulator Swing Condition:  No wind
at+b (F=0_Ibs at 60°F)
c) (wc)(tan @) = 16.4°
d) (a+b)c p.= 0 lbs./ft Conductor dia: 1.108
e) Wi/(2)(w,) we=1.0940 Ibs./ft pc= (d)(F)
d-—e=VS = 4,633 1bs 12
Wi= 135 lbs
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FIGURE 7-6: INSULATOR SWING CHART FOR EXAMPLE 7-9 (continued)

(w, tang) (2)(w.)
0=(° HS=200 | HS=400 | HS=800 | HS=1000 g = angle with the vert_ical through which
insulator string swings.
sin 0/2 0 0 0 0
a) (2)(T)(sin 6/2) 0 0 0 0 0 line angle
b) (HS)(pc) 110.80 | 221.60 | 443.20 554.00 T = conductor tension
a+b 110.80 | 221.60 | 443.20 554.00 HS = horizontal span
¢) (wc)(tan @) 1.460 1.460 1.460 1.460 VS = vertical span
d) (a+b)/c 75.77 151.53 303.07 378.83 pc = wind load on conductors
e) Wi/(2)(wc) 61.70 61.70 61.70 61.70 w, = weight of conductor/ft.
d—e=VS 14.07 89.83 241.37 317.13 W; = weight of insulator string
0=1° HS=200 | HS=400 | HS=800 | HS=1000
sin 0/2 008727 | .008727 | .008727 | .008727 o m
a) (2)(T)(sin 6/2) | 1.08.98 | 108.98 | 108.98 108.98 i
b) (HS)(pc) 110.80 | 221.60 | 443.20 554.00 //,/ / (
a+b 219.78 330.58 552.18 662.98 % Z, |
c) (wc)(tan @) 1.460 1.460 1.460 1.460 . |
d) (a+b)lc 15029 | 226.05 | 37759 | 453.35 2= 53.2° |
e) Wi/(2)(we) 61.70 61.70 61.70 61.70
d-e=VS 88.59 164.35 315.89 391.65
0=2° HS=200 | HS=400 | HS=800 | HS=1000 Structure:_TH-10 Ruling span 800 ft.
sin 6/2 017452 | .017452 | .017452 017452 Conductor: 795 26/7 ACSR Loading district: Heavy
a) (2)(T)(sin B/2) | 217.95 217.95 217.95 217.95 Voltage: 161 kV No of Insulators: 10
b) (HS)(pc) 110.80 221.60 443.20 554.00 Insulator Swing Condition:  Moderate wind
a+b 328.75 439.55 661.15 771.95 (F=6_psf at 0°F)
) (wc)(tan @) 1.460 1.460 1.460 1.460 @ = 53.2°
d) (a+b)/c 224.80 300.57 452.10 527.87 p.= _0.554 |bs./ft Conductor dia: 1.108
e) Wi/(2)(wc) 61.70 61.70 61.70 61.70 we=1.0940 Ibs./ft pc= (d)(F)
d-e=VS 163.10 238.87 390.40 466.17 T= 6,244 Ibs 12
W= 135 lbs
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(w, Xtan ¢) 2)w, )
0=(° HS=200 | HS=400 | HS=800 | HS=1000 g = angle with the vert_ical through which
insulator string swings.
sin 0/2 0 0 0 0
a) (2)(T)(sin 6/2) 0 0 0 0 0 = lineangle
b) (HS)(pc) 230.80 | 461.60 | 923.20 1154.00 T = conductor tension
a+b 230.80 | 461.60 | 923.20 1154.00 HS = horizontal span
) (we)(tan @) 5.02 5.02 5.02 5.02 VS = vertical span
d) (a+b)/c 46.00 92.00 183.99 229.99 pc = wind load on conductors
e) Wi/(2)(wc) 61.70 61.70 61.70 61.70 w, = weight of conductor/ft.
d—e=VS -15.70 30.30 122.29 168.29 W; = weight of insulator string
0=1° HS=200 | HS=400 | HS=800 | HS=1000
sin 0/2 .008727 | .008727 | .008727 .008727 o . |
a) (2)(T)(sin 6/2) | 18151 | 181.51 | 18151 181.51 77
b) (HS)(po) 230.80 | 46160 | 92320 | 1154.00 77;7,] /
a+b 412.31 643.11 1104.71 1335.51 - \
c) (wo)(tan @) 5.02 5.02 5.02 5.02 |
d) (a+b)/c 82.17 128.17 220.17 266.17 = 77.7° \
e) Wil(Q(w,) 61.70 61.70 61.70 61.70
d-e=VS 20.47 66.47 158.47 204.47
0=2° HS=200 | HS=400 | HS=800 | HS=1000 Structure:_TH-10 Ruling span 800 ft.
sin 6/2 017452 | .017452 | .017452 017452 Conductor: 795 26/7 ACSR Loading district: Heavy
a) (2)(T)(sin6/2) | 363.01 363.01 363.01 363.01 Voltage: 161 kV No of Insulators: 10
b) (HS)(p.) 230.80 461.60 923.01 1154.00 Insulator Swing Condition:  High wind
a+b 593.81 824.61 1286.21 1517.01 (F=12.5 psf at 32°F)
c) (we)(tan @) 5.02 5.02 5.02 5.02 g= 71.7°
d) (a+b)/c 118.35 164.35 256.34 302.34 pc.= _1.154 |bs./ft Conductor dia: 1.108
e) Wi/(2)(w,) 61.70 61.70 61.70 61.70 we=1.0940 Ibs./ft pc= (d)(F)
d-e=VS 56.65 102.65 194.64 240.64 T= 10,400 Ibs 12
W= 135 lbs
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8 INSULATION AND INSULATORS

a

b

Insulator Types. Insulation is defined as the separation between conducting
surfaces by means of a non-conducting (dielectric) material that would
economically offer a high resistance to current. Insulators may be fabricated from
ceramic, toughened glass, fiberglass rods and sheds of non-ceramic or silicone
construction.

The main types of insulators used on transmission lines are suspension insulators
using bells or non-ceramic strings, pin insulators, and vertical and horizontal
posts. Several suspension bell units are connected in a string to achieve the
insulation level desired. The non-ceramic suspension is one unit with an
insulation level determined largely by its length. Horizontal post units are made
of ceramic or non-ceramic material and are single units with a desired rating. See
Figures 8-1 and 8-2.

<S

FIGURE 8-1: A STANDARD CERAMIC SUSPENSION BELL

FIGURE 8-2: A TYPICAL CERAMIC HORIZONTAL POST INSULATOR

Insulator Materials.

(1) Ceramic insulators have been the industry standard as specified by
ANSI requirements for electrical and mechanical capacities. Although
ceramic insulators have a history of long, useful lives, the strings are
heavy and subject to breakage from gunshots. The connecting portions of
ceramic insulators are metal components which are embedded in high
strength cement as specified by ANSI standards. Strength ratings for
ceramic insulators are verified by proof loading requirements of each
manufactured unit, and stamped accordingly.

(2) Toughened glass insulators are similar in construction to the ceramic
insulator. They are heavy, and are also subject to vandalism exposure.
ANSI fabrication standards are also available for toughened glass.
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3) Non-ceramic (polymer) insulators typically consist of a fiberglass
rod that is sheathed with weathershed ‘bells’ made of either rubber-based
or silicone-based polymers. The connecting ends are typically compressed
metal fittings. ANSI standards have been developed for suspension units.

Non-ceramic assemblies offer varieties of end fittings, lengths and
strength capacities. They are much lighter in weight than their ceramic and
glass counterparts. Non-ceramics may be subject to damage by corona
voltage, ultraviolet radiation, or physical deterioration which may not be
apparent. Deterioration of a fiberglass rod may result in a reduction in
strength of the unit.

Insulation Levels Using Suspension Bells. Table 8-1 provides suggested
insulation levels. However, circumstances such as high altitude, contamination,
high isokeraunic levels, or high footing resistance, may warrant additional
insulation. If wood structures with steel arms, steel structures, or concrete pole
structures are used in areas where there is a high isokeraunic level, consideration
should be given to using one additional suspension bell beyond the standard
agency recommended insulation levels.

1)

)

Tangent and Small Angles. Table 8-1 indicates the recommended number
of 5-3/4 x 10 in. suspension insulators to be used per phase on wood
tangent and small angle structures. Also given are the electrical
characteristics of the insulator strings.

Angles. For angle structures where the conductor tension is depended
upon to pull the insulator string away from the structure, one more
insulator bell should be added to the number of bells recommended for
tangent structures. The sole exception to this is 34.5 kV where no
additional bells are needed.

TABLE 8-1

RECOMMENDED INSULATION LEVELSAT SEA LEVEL
(CERAMIC SUSPENSION AT TANGENT AND SMALL ANGLE STRUCTURES)

Flashover Characteristics in kV

No. of 60 Hz 60 Hz Total Leakage
Nominal L-L 5-3/4x10” Low Freq Low Freq Impulse Distance
Voltage in kV Bells Dry* Wet Positive  Negative .
inches
34.5 3 215 130 355 340 34.5
46 3 215 130 355 340 34.5
69 4 270 170 440 415 46
115 7 435 295 695 670 80.5
138 8 485 335 780 760 92
161 10 590 415 945 930 115
230 12 690 490 1105 1105 138

*See NESC Rule 273, Table 273-1 for minimum insulation level requirements

(3) Deadends. In situations where the insulator string is in line with the
conductor, the number of bells should be two more than is used for tangent
structures. These situations occur at large angles, and tangent deadends
where the conductor is deadended onto an insulator string. The sole
exception to this is 34.5 kV where one additional bell is used.
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Insulation Levels Using Post Insulators. Agency recommended electrical
characteristics for horizontal post insulators are given in Table 8-2.

TABLE 8-2
RECOMMENDED INSULATION LEVELS AT SEA LEVEL

(CERAMIC POSTS AT TANGENT AND SMALL ANGLE STRUCTURES)
Flashover Characteristics in kV

Altitude in feet

Design ANSI 60 Hz 60 Hz Po_si_tive Negz_ﬂive Leakage Length
Type C29.7 Dry Wet Critical Critical Distance | (inches)
Class | Flashover | Flashover | Flashover | Flashover
345 | 57-32 100 70 160 260 22 14
46 57-33 125 95 200 344 29 16.5
69 57-36 180 150 300 425 53 25
115 - 380 330 610 760 100 48
138 - 430 390 690 870 110 54
Note: Negative Critical Flashover not specified in ANSI C29.7
e Electrical Characteristics of Insulators. Because low frequency dry flashover
ratings can be tested easily and accurately, these ratings are generally the most
common flashover values referred to when comparing insulators. However,
flashover (60 Hz) of an insulator in service almost never occurs under normal dry
operating conditions, so these ratings are probably the least significant of insulator
electrical characteristics. When comparing different types of insulators (e.g., post

Vvs. suspension) characteristics such as impulse and wet flashover do not

necessarily follow the same pattern as the low frequency dry flashover ratings.

For these reasons, Tables 8-1 and 8-2 are developed and provide both impulse and

wet flashover values. For voltages up to 230 kV the most severe stress on the

insulation is usually caused by lightning, and the most important flashover
characteristic is the impulse flashover values. Insulation levels for non-ceramic
insulators shall generally meet or exceed recommended insulation levels for
ceramic insulators.

f High Altitude Considerations.

1) General. As altitude increases, the insulation value of air decreases and an
insulator at a high elevation will flash over at a lower voltage than the
same insulator at sea level. Figure 8-3 gives the derating factors for
insulator flashover values as a function of altitude. These derating factors
apply to both low frequency flashover values and impulse flashover
values.

FIGURE 8-3: INSULATION DERATING FACTOR vs. ALTITUDE
IN 1,000's OF FEET (230 kV and below)
12000
10000
L]
il . .
8000 = Curveisa plot of the equation:
6000 | F=(17.93B)/(460 + T)
T Where T=60° F and
1000 P Bis standard atmospheric pressure
2000 = atvarious altitudesin inches of Hg.
0

1.00 096 0.92 0.89 0.86 0.83 080 077 074 0.71

Insulation Derating Factor (F)
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In addition to increasing the number of insulators for high altitude, it is
also necessary to increase the structure air gap clearances. This could
result in a decreased allowable insulator swing angle or a longer crossarm
(see Chapter 7 for details).

Example of Insulation Needed at Altitudes less than 3,300 feet. A line is
located at 3,000 feet elevation. The derating factor (from Figure 8-3) is
0.92. At 115 kV, using the sea-level requirement for low frequency dry
flashover of 435 kV from Table 8-1, the line would require 473 kV
(435/0.92) at 3,000 feet. An 8 bell string should be used instead of 7 bells.
The clearance to structure and clearance to guy wire should be increased
(see Table 7-1 for guidance).

Example of Insulation Needed at Altitudes Greater than 3,300 feet. When
the insulation derating factor for the line altitude is at a value less than
approximately 0.9 (see Figure 8-3), then additional insulation should be
added to bring the insulation level up to at least 90 percent of the sea level
value. A line is located at 8,000 feet elevation. The derating factor (from
Figure 8-3) is 0.77. At 115kV, using the sea-level requirement for low
frequency dry flashover of 435kV from Table 8-1, take 90% of 435kV
which equals 392kV. The line would require 509kV (392/0.77) at 8,000
feet. A 9 bell string should be used instead of 7 bells.

Insulation for Lines with Significant Elevation Changes but Less than
5000 Feet. If the elevation change in a line from its low point to its
highest point is less than 5000 feet, it is recommended that insulation for
the entire length of the line be based on the weighted average altitude of
the line. If the majority of the line is located at an elevation less than
3,300 feet, then apply the procedure given in paragraph 8.f.(2) to the
weighted average altitude. If the majority of the line is above 3,300 feet,
use the procedure in paragraph 8.1.(3).

Insulation for Line with Elevation Changes Greater than 5000 Feet.
Where the elevation change is greater than 5000 feet, the following two
steps should be taken:

The entire line insulation should be upgraded for the minimum altitude of

the line using the procedure in either paragraph 8.f.(2) or 8.f.(3)
above.

Additional insulation should be added in sections of line where it is needed.

This need arises where the altitude of the line increases to the point
where the derating factor for the line, or a section of the line, is less
than 90% of the derating factor at the minimum altitude. The
insulation for this portion of the line should be calculated using the
procedure given in paragraph 8.1.(3).

Example of Additional Insulation for High Altitudes and Line Elevation
Changes Less than 5000 feet. A 161 kV line is to be built in an area where
altitude ranges from 5430 ft. to 7580 ft. Determine how much additional
insulation, if any, is necessary.
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Solution. The elevation change for the line from its lowest point to its
highest point is less than 5000 ft. Therefore, the insulation should be
based on the weighted average altitude. Since we do not know the
distribution of the line at the various altitudes, we will assume a uniform
distribution. Thus:

5430 + 7580
Average altitude = 2 = 6505 ft.

From Figure 8-3 the derating factor for an average altitude of 6505 ft is
0.81. Since the entire line is above 3,300 feet, use the procedure in
paragraph 8.1.(3).

The insulation value should be brought up to approximately 90 percent of
the sea level value, which for 161 kV is:

(0.9)(590) kV =531 kV
(590 kV is the low frequency dry flashover value of 10 bells at sea level).

The 531 kV requirement for low frequency dry flashover at sea level
needs to be increased to account for the higher elevation. Applying the
derating factor to the 531 kV, the low frequency dry flashover value of the
string needs to be:

531/.81 = 655 kV

From Appendix C, the low frequency dry flashover of 11 bells is 640 kV.
For 12 bells it is 690 kV. Therefore, the addition of one extra bell will not
quite bring the insulation level up to the 90 percent of sea level. The
above calculations seem to indicate the need to add two extra bells.
However, some judgment should be exercised as to whether the second
additional bell is used. Even though one bell extra does not quite provide
enough additional insulation, it comes close. If the expected frequency
and severity of lightning storms is not particularly high, one extra bell
might be sufficient. Depending on experience and judgement, at least one
and possibly two extra bells should be used.

g Lightning Considerations.

1)

)

General. Transmission lines are subjected to three types of voltage stress
that may cause flashover of the insulation: power frequency voltage,
switching surges and lightning surges. Flashovers due to power frequency
voltages are primarily a problem in contaminated conditions and are
discussed in section 8.h. Of the remaining two causes of flashovers,
lightning is the more severe for lines of 230 kV and below.

Lightning Flashover Mechanism. When lightning strikes a transmission
line, it may hit either the overhead ground wire or a phase conductor. If a
phase conductor is hit, there will almost certainly be a flashover of the
insulation. To minimize this near certainty of a flashover, an overhead
ground wire is used to intercept the lightning strokes. To reduce the
possibility of a shielding failure, the shielding angle should be kept at 30°
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or less. (The shielding angle is the angle measured from the vertical
between the OHGW and the phase conductors, as shown in Figure 8-4).
On H-frame structures where two overhead ground wires are used, the
center phase may be considered to be properly shielded even if the
shielding angle to it is greater than 30°. For structures whose height is in
excess of 92 feet, shielding angles of less than 30° as indicated in Table 8-
3, should be used. Where there is an unusually high exposure to lightning,
such as at river crossings, an even smaller shielding angle may be
warranted.

TABLE 8-3
REDUCED SHIELDING ANGLE VALUES
Structure Height, Recommended
feet Shielding Angle,
degrees
92 30
99 26
116 21

If lightning strikes an overhead ground wire, a traveling current wave will
be set up which will induce a traveling voltage wave. This voltage wave
will generally increase in magnitude as it travels down the wire, until it
reaches a structure where the reflection of the traveling wave from the
ground prevents the voltage from further increasing. (The overhead
ground wire is grounded at every structure). If the traveling voltage wave
at the structure is sufficiently high, a "back flashover" across the insulation
from the structure ground wire or from the overhead ground wire to the
phase conductor will occur. The factors that determine if a back flashover
will occur are: the amount of insulation, the footing resistance (the higher
the footing resistance, the higher the voltage rise at the structure) and the
span length.

Cross

; Overhead
/; connection ground wire
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/l \\

B 7 e 3 IEI AY q

= 7 = \ 2
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Designing for Lightning. An overhead ground wire should be used in all
locations where the isokeraunic level is above 20. The overhead ground
wire should be grounded at every structure by way of a structure ground
wire. At H-frame structures, the OHGW's should each be connected to a
structure ground wire and to one another so that if one structure ground
wire breaks, both overhead ground wires will still be grounded.

In areas where the isokeraunic level is 20 or less, an overhead ground wire
should still be used for a distance of 1/2 mile from a substation.

Footing Resistance. For satisfactory lightning performance of a line, low
footing resistance is essential. Exactly what value of footing resistance is
acceptable or unacceptable is not a simple matter as it depends upon
several variables. Previous successful experience with a similar line in
similar circumstances can be one guide. The following references may be
useful in determining what lightning outage rate a given footing resistance
would yield.

@ “AC Transmission Line reference Book — 200kV and Above,” Palo
Alto, Calif., Electric Power Research Institute, Third Edition.

(b) “1243-1997 — IEEE Guide for Improving the Lightning
Performance of Transmission Lines,” IEEE Power and
Engineering Society, 1997, Reaffirmed 2008.

A grounded structure has a good chance to withstand a lightning flashover
provided that conductor insulation and ground resistance have been
properly analyzed and coordinated.

A lightning outage rate of 1 to 4 per 100 miles per year is acceptable with
the lower number more appropriate for lines in the 161 to 230 kV range.

Generally, experience has shown that the footing resistance of individual
structures of the line especially within 1/2 mile of the substation should be
less than 25 ohms in high isokeraunic areas.

When a line is being built, it is recommended that the footing resistance of
the ground connection be measured and recorded on a spot check basis. If
footing resistance problems are expected, more frequent measurements
should be made and recorded. If experience indicates that the lightning
outage rate is not acceptable, these measurements readings can be useful
when taking remedial measures.

Footing resistance should not be measured immediately after a rain when
the soil is moist. If the footing resistance is higher than desired, additional
driven rods may be used to reduce it. If the earth's resistivity is very high,
counterpoise rather than driven rods may be required. Reference (b) this
section gives guidance in the selection of counterpoise.

Lightning Arresters. In areas where structure grounding is difficult to
achieve, or the lightning performance of an existing transmission line
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needs to be improved, Metal Oxide Varistor (MOV) line arresters can be
installed. These arresters should be coordinated with the substation station
class arresters for proper performance. The engineer should determine the
size of the substation arresters and choose a slightly higher Maximum
Continuous Over Voltage (MCOV) rating on the transmission line to
prevent the line arresters from taking all of the flashover duty.

On a triangular three wire designs, adding an arrester to the top phase of
every structure will typically give some shield angle protection to the
other phases. For best performance, the arrester should be tied to a ground
system with 10 ohms or less of resistance. If good grounding is not
available, the borrower should consider adding lightning arresters to all
three phases. Lightning arresters can also be installed on shielded lines to
minimize back flashover where good grounding is difficult. The engineer
should design for phase-to-phase clearances between the failed arrester,
open position, and other phase wires since the arrester may drop near the
other energized phase position.

Contamination Considerations. The problem of contamination induced flashovers

should be considered if a line is to be built near a seacoast, an industrial district,
or at other locales where airborne contaminants may accumulate on insulators.

1)

Contamination Flashover Mechanism. When a layer of contaminants on
an insulator is moistened by fog, dew, light rain or snow, it will become
more conductive and the leakage current along the surface of the insulator
will greatly increase. Where the current density is the greatest (for
suspension insulators near the pin, and for post insulators at the points of
least diameter), heat caused by the increased leakage current will
evaporate the moisture causing the formation of a dry band. This band
usually has an higher resistance than the adjacent moistened area which
means that the band will support almost all the voltage across it. This will
result in the breakdown of the air and the formation of an arc across the
dry band. The arc will cause the moisture film at the dry band edges to
dry out, enlarging the dry band, eventually to the point where the voltage
across the band is just below the air breakdown value. If an increase in
precipitation occurs causing a lowering of contaminant resistance, a
second breakdown can occur. If conditions are right, a cycle of repeated
and ever-increasing surges will be set up which will result in several
discharges joining, elongating and bridging the entire insulator and
resulting in a power arc. See Figure 8-5 for a graphic description.
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MOISTURE LAYER ’
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CONDUCTING
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A) (B)
LEAKAGE CURRENT DRIES OUT
INITIAL CONDUCTING STATE MOISTURE NEAR PIN

ot

© (D)
ARC BRIDGES OVER DRY AREA ENLARGED DRY AREA HOLDS ENTIRE
HEATING AND ENLARGING IT UNIT VOLTAGE AND ARC EXTINGUISHES

CONTAMINATION
LAYER

ARC RESTRIKES AS MORE MOISTURE ARC BRIDGES ENTIRE
APPEARS ON DRY AREA INSULATOR

FIGURE 8-5: CONTAMINATION BREAKDOWN PROCESS OF A SINGLE CERAMIC
INSULATOR UNIT

@) Effect of Insulator Orientation. The orientation of insulators has an effect
on contamination performance. Vertical strings of suspension insulators
or vertical post insulators do not wash well in the rain because of the
sheltering effects of the insulator skirts. Contaminants will tend to remain
on the underside of the insulator which is not immune from the moistening
effects of fog or wind blown rain and snow. Horizontally oriented
suspension insulators and post insulators have their undersides more
thoroughly washed by the rain and therefore tend to fare better than
vertical insulators in contaminated areas. Another advantage of insulators
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in nonvertical positions is that any ionized gases caused by arcing will not
contribute to setting up conditions where an arc could jump from one bell
to another or along the skirts of a vertical post.

3 Designing for Adverse Contamination Conditions. There are several
means available for improving line insulation performance in a
contaminated atmosphere.

One way to compensate for contaminated conditions is to increase the
leakage distance of the insulation. The leakage distance is the distance
along the surface of the insulators from the top of the string (or post) to the
energized hardware, not including any metal such as insulator caps and
pins.

Table 8-4 gives recommended leakage distances for various levels of
contamination. The increased leakage distance can be obtained by adding
additional standard insulator bells (using a longer post insulator) or by
using fog insulators, which have more leakage distance for the same
overall insulator length. The additional leakage distance on fog insulators
is obtained by having more and/or deeper skirts on the underside of the
insulator bell. In addition to the leakage distance, the shape of the
insulator has an effect on contamination performance, especially when fog
units are being used.

Research into the performance of existing lines with similar contamination
should play an important part in the final determination of insulating for
atmospheric contamination.

An alternative to increasing the total leakage distance of the insulator
string is to use a resistance graded insulators. These insulators have a
glaze that permits a small but steady leakage current to flow over their
surface. This leakage current gives the insulator much better
contamination performance without having to increase leakage distance.
The base of a resistance graded insulator should be solidly bonded to the
structure ground wire to permit the leakage current to flow easily to the
ground. To aid in determining whether to use this type of insulator, its
advantages and disadvantages are listed below.

Advantages and Disadvantages of Resistance Graded Insulators

Advantages Disadvantages

e No extra leakage distance required. e Higher initial costs.

e Longer intervals between insulator e Small but continuous power loss.
washings.

e No radio noise (due to a more uniform e Not entirely successful in very heavily

voltage distribution across string). contaminated areas.
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SUGGESTED LEAKAGE DISTANCES FOR CONTAMINATED AREAS

Contaminate
Level

Environment

Equivalent Amount
NaCl

mg/cm2

Suggested Leakage
Distance rms L-G*
in/kVv

Very Light

Light

Moderate

Heavy

Areas without industries and with low
density of houses equipped with
heating plants. Areas with some
density of industries or houses but
subject to frequent winds and/or
rainfall. Areas not exposed to sea
winds.

Areas with industries not producing
particularly polluting smoke and/or
areas with average density of houses
equipped with heating plants. Areas
with high density of houses and/or
rainfall. Areas exposed to winds from
the sea but not less than 10 miles from
the coast.

Areas with high density of industries
and suburbs of large cities with high
density of heating plants producing
pollution. Areas close to the sea or in
any case exposed to relatively strong
winds from the sea (within 10 miles of
the sea).

Areas subjected to industrial smoke
producing particularly thick conductive
deposits. Areas with very strong and
polluting winds from the sea. Desert
areas, characterized by no rain for long
periods, exposed to strong winds
carrying sand and salt, and subjected
to regular condensation.

0-.03

.03-.06

.06-.1

1-.25

NA-1.0

1.0-1.25

1.5-1.75

2.0-2.5

*rms L-G is root mean square line to ground voltage

Washing of the insulators should not be used in place of properly
designing for contamination but rather should be used in addition to the
other steps where it is felt to be necessary.

Insulator performance in a contaminated environment can be improved by
coating the surface with suitable silicone grease. The grease absorbs the
contamination and repels water. It is necessary, however, to remove and
replace the grease at intervals determined by the degree of contamination.
As with washing, the use of grease should only be considered as a
remedial step. Resistance graded insulators should not be greased.
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i Mechanical Considerations (Ceramic and Non-ceramic)

1)

Suspension Insulators. Strength rating methods and nomenclature vary
depending on the insulator material.

For ceramic, ANSI C29.1 specifies Mechanical and Electrical (M&E)
procedures. The M&E value is determined by a combined mechanical and
electrical test. The insulator has a voltage (75 percent of its rated dry
flashover) impressed across it while a mechanical load is gradually applied
to the insulator. For non-ceramics, most manufacturers conduct specified
mechanical loading (SML) procedures to determine a non-ceramic
insulator’s failure rating. These procedures are similar to the M&E for
ceramic, but no electrical test is applied.

ANSI C 29.2 defines standard mechanical ratings for ceramic as: 15,000
Ibs., 25,000 Ibs., 36,000 Ibs. and 50,000 Ibs. ANSI C29.12 defines
standard SML’s for non-ceramic transmission insulators as: 20,000 Ibs.,
25,000 Ibs., 36,000 Ibs. and 40,000 Ibs.

For recommended insulator loading limits, refer to Table 8-5. Under
NESC district loading conditions, suspension insulators should not be
loaded to more than 40 percent of their standard ANSI M&E rating for
ceramic insulators or 40 percent of their ANSI SML for non-ceramics. If
a heavier loading than the NESC district loading can be expected to occur
with reasonable regularity, then the 40 percent loading limit should be
maintained at the higher loading limit.

Under extreme ice or extreme wind (50-year mean recurrence interval
wind conditions) the load on the insulator should not exceed 65 percent of
the M&E strength of the insulator for ceramic and 50 percent of the M&E
strength for non-ceramics.

Generally, ceramic insulators with a 15,000 pound M&E rating will be
satisfactory for tangent structures. However, stronger insulators may be
needed on long spans with large conductors and at deadends and angles
where the insulators carry the resultant conductor tension.
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SUMMARY OF RECOMMENDED INSULATOR LOADING LIMITS

Insulator Type

NESC District Loading

Extreme Loading

Suspension
Ceramic
Non-Ceramic

40% M&E
40% SML

65% M&E
50% SML

Horizontal Post
Ceramic

40% Cantilever

50% Tension, Compression

65% Cantilever

65% Tension, Compression

Non-Ceramic 40% SCL 50% SCL
50% STL 50% STL
Vertical Post
Ceramic 750 lbs
Non-Ceramic Industry standard does not currently exist, use mfr specs
Vertical Pin
Ceramic 500 Ibs --

Non-Ceramic

Industry standard does not cu

rrently exist, use mfr specs

)

When suspension non-ceramic insulators are used, the designer must be
aware of the effects on insulator swing calculations due to increased
length and reduced weight. Agency Bulletin 1724E-220, “Procurement
and Application Guide for Non-Ceramic Composite Insulators,” provides
additional information on non-ceramic insulators. When used as a jumper,
non-ceramic suspension insulators may be pulled towards the structure
because of their light weight.

Horizontal Post Insulators (Ceramic and Non-ceramic). Under NESC
loading district conditions, horizontal post insulators must not be loaded to
more than 40 percent of their ultimate cantilever strength. As with
suspension insulators, if a loading more severe than the NESC loading can
be expected to occur with reasonable regularity, then the limit
recommended for the more severe loading should be used. Under extreme
ice conditions, the cantilever load on horizontal post insulators should not
exceed 65 percent of the ultimate strength for ceramic and 50 percent of
the ultimate strength for non-ceramics.

When a line angle is turned at a horizontal post structure, some or all of
the insulators will be in tension. Under standard NESC loading
conditions, the tension or compression load on the insulator must not
exceed 50 percent of the ultimate tension or compression strength of the
insulator. Under extreme loading conditions, the tension load on the
insulator must not exceed 65 percent of the ultimate tension strength for
ceramic and 50 percent of the ultimate tension strength of non-ceramic
insulators.

Line post insulators are actually subjected to vertical, transverse and
longitudinal loads simultaneously. These loads represent the actual
applied stresses to the line post insulator core that are experienced in the
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field. Vertical, transverse and longitudinal loads each contribute to the
total bending moment, or total stress on the rod. Non-ceramic
manufacturers provide combined loading application curves, which
represent the mechanical strength limits of a non-ceramic line post
insulator when subjected to simultaneous loads. These curves are used to
determine how the insulator’s combined loading requirements compare
with its cantilever (bending) strength. The combined loading application
curves are used during the engineering stage to evaluate the mechanical
strength of the insulator for specific line loading criteria.

There are three special considerations that must be mentioned in relation
to horizontal post insulators:

Insulator Grounding: Where the structure ground wire passes near
horizontal post insulators, it either should be stood off from the
pole by means of a non-conducting strut or must be solidly bonded
to the base of the insulator. This grounding is necessary to avoid
radio noise problems.

Mechanical Impact Failures: Ceramic post insulators mounted on
steel, concrete, or (in some cases) on wood structures using H-class
poles, have experienced cascading mechanical failures due to
impact loads because of the relative rigidity of the structures. To
minimize the affects of impact loads, it is recommended that on
rigid structures, non-ceramic insulators be used, or that ceramic
post insulators be equipped with deformable bases, shear pin
devices, or other means of relieving mechanical overloads.

Live Line Maintenance Issues: Many compact designs restrict the
lineman from working on transmission lines while energized. Rule
441 of the NESC provides Table 441-1 which gives the
recommended AC live work minimum approach distance for
various voltages.

Ceramic Vertical Post and Pin Insulators Mounted on Crossarms: The
maximum transverse load should be limited to 500 Ibs. for standard single
pin type agency standard structures and 750 Ibs for standard vertical post
type structures. The 500 Ib. limit applies whether the load is from
standard NESC loading district loadings alone or from a combination of
district loading and the resultant of conductor tension on line angles.
These limits will prevent excessive stress on the insulator, the tie wires (if
used), insulator pin (if used), and the wood crossarm. The transverse load
can be doubled by using double pin or post construction. See Table 8-5
for a summary of recommended insulator loading limits.

Coordination of Insulator Strength with Strength of Associated Hardware:
Care should be taken to coordinate the strength of the hardware associated
with the insulator with the strength of the insulator itself.

Example of Maximum Vertical Span Due to Horizontal Post Insulator
Strength: A 115 kV line is to be built using horizontal post insulators with
an ultimate cantilever strength of 2,800 Ibs. The conductor to be used is
477 kemil 26/7 ACSR. Determine the maximum vertical span under:
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@ Heavy loading district conditions; and
(b) Under an extreme ice load, no wind, and 1.5 in. of radial ice

(See Chapter 11 for definitions of heavy loading and Chapter 9 for
information on conductors).

Solution: From Appendix B, Conductors, the weights per unit length for
the two conditions of the conductor are:

Heavy Loading District of 1/2 inch radial ice = 1.5014 Ibs./ft.
Extreme radial ice of 1.5 inch =5.0554 Ibs./ft.

Span Limits for Heavy Loading District:

2800 Ibs.(0.40) = 746 ft.
1.5014 Ibs./ft.

Span Limits for Extreme Ice Condition:

2800 1bs.(0.65) = 360 ft.
5.0554 Ibs./ft.

The maximum vertical span is therefore 360 ft.

Example of Determining Minimum Suspension Insulator M&E Rating. A
conductor has a maximum tension under heavy loading district conditions
of 10,000 1bs. Under extreme radial ice of 1.5 in, it has a maximum
tension of 16,000 Ibs. Determine the minimum M&E rating of suspension
bell insulators to be used in tension strings. (Tension strings are those
insulator strings that are in line with the conductor and bear its full
tension).

Solution:

Under NESC loading district conditions, the insulator can be loaded up to
40 percent of its M&E rating. Therefore:

(M&E rating)(0.4)  =load
M&E rating = load/(0.4)
M&E rating = 10000 Ibs./(0.4) = 25000 lbs.

Under extreme ice conditions the insulator can be loaded to 50 percent of
its M&E rating. Therefore:

(M&E rating)(.65) = load

M&E rating = load/(0.65)

M&E rating = 16,000 Ibs./(0.65) = 24,615 Ibs.

Based on ANSI standard M&E ratings, the insulators to be used should have

a minimum standard rating of 25,000 Ibs.
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9 CONDUCTORS AND OVERHEAD GROUND WIRES

a

Introduction. Of all the components that go into making up a transmission
system, nothing is more important than the conductors. There are a surprising
number of variables and factors that are to be considered when dealing with
conductors. These include:

Conductor type

Conductor size

Conductor ampacity

Conductor thermal capacity
Conductor tensions

Corrosive atmosphere considerations
Radio noise

Conductor motion considerations
Economic considerations

Types of Conductors. Of the currently available types of conductors, some are
used much more extensively than others. Sections 9.b.(1) through 9.b.(11)
provide descriptions of many of the conductor types.

1)

ACSR (Aluminum Conductor Steel-Reinforced). ACSR is the most
common type of conductor used today. It is composed of one or more
layers of hard-drawn concentrically-stranded 1350 aluminum wire with a
high-strength galvanized steel core. The core may be a single wire or
stranded depending on the size. Because numerous stranding
combinations of aluminum and steel wires may be used, it is possible to
vary the proportions of aluminum and steel to obtain a wide range of
current carrying capacities and mechanical strength characteristics.

The steel core may be furnished with three different coating weights of
zinc. The "A™" coating is the standard weight zinc coating. To provide
better protection where corrosive conditions are present, heavier class "B"
or "C" zinc coatings may be specified where "C" is the heaviest coating.

s

i oo°

12ALITSt 26 AL/T St
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54 AL/19 St 84 AL/19 St

FIGURE 9-1: TYPICAL ACSR STRANDINGS



)

©)

Bulletin 1724E-200
Page 9-2

Aluminum coating is also available (not to be confused with an aluminum
cladding which is thicker). There is a slight reduction in rated conductor
strengths when the heavier zinc or aluminum coating is used.

ACSR/AW (Aluminum Conductor, Aluminum-Clad Steel Reinforced).
ACSR/AW conductor is similar to conventional ACSR except the core
wires are high strength aluminum-clad steel instead of galvanized steel.
Aluminum-clad core wire has a minimum aluminum thickness of 20
percent of its nominal wire radius. This cladding provides greater
protection against corrosion than any of the other types of steel core wire,
and it is applicable for use where corrosive conditions are severe.
ACSR/AW also has a significantly lower resistivity than galvanized steel
core wire and may provide somewhat lower losses.

AAC (All Aluminum Conductors — 1350 H19). AAC conductor is made
up entirely of hard-drawn 1350 aluminum strands. With a minimum
aluminum content of 99.5%, 1350 aluminum is essentially pure aluminum.
It is usually less expensive than other conductors, but is not as strong and
tends to sag more. AAC conductors are most useful where electrical loads
are heavy and where spans are short and mechanical loads are low.

& &

7 STRAND
19 STRAND 37 STRAND

37 STRAND 91 STRAND

FIGURE 9-2: 1350 ALUMINUM CONDUCTOR STRANDINGS

(4)

AAAC-6201 (All Aluminum Alloy Conductor - 6201 Alloy). AAAC
conductor is composed entirely of 6201-T81 high strength aluminum alloy
wires, concentrically stranded and similar in construction and appearance
to 1350 aluminum conductors. Its strength is comparable with that of
ACSR. It was developed to fill the need for a conductor with higher
strength than that obtainable with 1350 aluminum conductors, but without
a steel core.

AAAC conductors were designed to have diameters the same as those of
standard sizes and strandings of ACSR. The DC resistance of 6201
conductor is approximately equivalent to that of standard ACSR conductor
with the same diameter. AAAC conductor may be used where
contamination and corrosion of the steel wires is a problem. It has proven
to be somewhat more susceptible to vibration problems than standard
ACSR conductor strung at the same tension. The use of conductor sizes
smaller than 3/0 ACSR equivalent on suspension type constructions
should be avoided because the light weight of the conductor may result in
inadequate downward force on the suspension insulators causing radio
noise and insulator swing problems.
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ACAR (Aluminum Conductor Alloy Reinforced). ACAR conductor
consists of 1350 aluminum strands reinforced by a core of higher strength
6201 alloy. These 6201 reinforcement wires may be used in varying
amounts allowing almost any desired property of strength/conductivity
(between conductors using all 1350 wires and those using all 6201 wires)
to be achieved. Strength and conductivity characteristics of ACAR are
somewhere between those of a 1350 aluminum conductor and a 6201
conductor.

v

3/4

FIGURE 9-3: TYPICAL ACAR STRANDINGS

AWAC (Aluminum-Clad Steel Conductor). AWAC conductor is made up
of aluminum-clad steel and 1350 aluminum strands. The corrosion
resistant aluminum clad wires of the AWAC conductor act as strength
members as well as conductivity members, thereby reducing the weight of
the conductor without reducing strength. For the same designated size
and stranding, the AWAC conductors have a slightly smaller diameter
than standard ACSR. For smaller AWAC sizes, the ratio of aluminum-
clad to aluminum strands is varied to provide a wide range of rated
strengths.

ACSR/SD (Aluminum Conductor Steel Reinforced - Self Damping).
ACSR/SD conductor may use either two layers of trapezoidal-shaped
aluminum wires or two layers of trapezoidal-shaped aluminum wires and
one layer of stranded round wires of hard-drawn 1350 aluminum. The
steel core may be a single wire or stranded depending on the size of the
conductor.

From a performance point of view, ACSR/SD conductor is similar to
conventional ACSR except that it has self damping characteristics. That
is, the conductor is designed to reduce aeolian vibration. The damping
occurs because of the interaction between the two trapezoidal layers and
between the trapezoidal layers and the core. Some special considerations
associated with this conductor are that:



(8)

9)

(10)

1)

Bulletin 1724E-200

Page 9-4
. During stringing, special precautions are taken and procedures
followed to avoid difficulties.
o It may be more expensive than conventional ACSR, but its ability

to be strung at higher tensions to reduce sag, which may result in
economic advantages that offset its extra cost.

FIGURE 9-4: TYPICAL ACSR/SD STRANDINGS

ACSR/TW (Trapezoidal Shaped Strand Concentric - Lay Stranded
Aluminum Conductors, Steel Reinforced). As with ACSR/SD, the
conductor layers of ACSR/TW are trapezoidal-shaped aluminum wires.
However, unlike ACSR/SD conductor, no gaps exist between layers
ACSR/TW strands. The compact trapezoidal-shaped wires result in an
increased capacity for an equivalent standard range of ACSR conductor
diameters. Also, for a given aluminum area, a smaller conductor diameter
can be designed for ACSR/TW than for equivalent round-wire ACSR
which results in reduced wind-on-wire load on the structure. These are
important advantages when existing transmission lines are considered for
uprating or reconductoring. Other advantages and improvements of
ACSR/TW include corrosion resistance and lower temperature gradient.

Use of ACSR/TW should be based on an economic evaluation to
determine whether savings will be achieved in comparison with the use of
conventional ACSR conductor.

AACSR (Aluminum Alloy Conductor, Steel Reinforced). AACSR
conductor is the same as a conventional ACSR conductor except that the
1350 strands are replaced with higher strength 6201 alloy strands. The
resulting greater strength of the conductor allows the sags to be decreased
without exceeding the standard conductor percent tension limits. AACSR
type of conductor is primarily used at river crossings where sag limitations
are important. The higher tensions associated with this type of conductor
require that special attention be paid to the possibility of aeolian vibration.

T2 (Twisted Pair Aluminum Conductor). When designing transmission
lines with twisted pair (T2) type conductor, the designer should be aware
of Rule 251 of NESC on conductor wind loading. The rule states for
multiconductor cable an equivalent diameter of two times the single
conductor diameter should be assumed for wind loading unless there is a
qualified engineering study to reduce the overall cable diameter.

High Temperature Conductors Three types of conductors are considered
high teml\Perature, ACCR (aluminum conductor composite reinforced),
ACCC™ (aluminum conductor composite core) and ACSS (aluminum
conductor steel supported). For sizes equivalent to other types of
conductor (i.e., ACSR), higher ampacities can be achieved at similar
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overall sag levels while operating the conductors a much higher
temperatures. One benefit of these types of conductors can be the avoided
cost of replacing existing structures. The temperature ratings for these
conductors can be limited by hardware, so extreme care should be used
when specifying hardware and establishing operating temperature limits.
Also, the unique natures of these conductors result in the use of special
precautions during stringing, such as special stringing blocks in certain
locations and multiple grips when installing conductors with multi-layer
annealed aluminum conductor strands.

ACCR conductors are composed of heat resistant aluminum-zirconium
alloy outer strands and aluminum oxide matrix core strands. The core of
the ACCR is composed of stranded fiber reinforced metal matrix, an
aluminum oxide fiber embedded in high-purity aluminum. The fiber
reinforced metal matrix has strength similar to steel and weight similar to
aluminum. The outer strands may be round or trapezoidal in shape and are
similar to 1350 aluminum ultimate strength but may be heated to high
temperatures without softening (annealing) and without losing strength.
Additionally, the thermal expansion of the metal matrix core has less
thermal expansion than steel and retains its strength at high temperatures.
ACCR conductors use similar stranding as ACSR. Because of the
lightweight core, heat resistant outer and core strands, higher electrical
conductivity, and lower thermal expansion for less sag, higher operating
temperatures may be used with this conductor which leads to higher
ampacities. ACCR conductors and hardware are usually rated up to 210 C
continuous operating temperature with 240 C for short term maximum
operating temperature.

ACCC™ (Aluminum Conductor, Composite Core) are composed of
trapezoidal wire of 1350 aluminum stranded around the composite core.
The core of the ACCC conductor is a solid with no voids and is a
carbon/glass fiber polymer matrix core. This solid polymer matrix core is
composed of carbon fibers surrounded by an outer shell of boron-free E-
glass fibers that insulates the carbon from the aluminum conductor. The
1350 aluminum trapezoidal wires are fully annealed which make them
softer compared to the hardened aluminum wires used in some other
conductors. The aluminum strands are tempered because the composite
core of the ACCC is designed to carry the entire load Because the core
exhibits a very low coefficient of thermal expansion, the amount of sag the
ACCC will experience when operating at high temperatures is
considerably less than other types of conductor (i.e., ACSR). ACCC ™
conductors and hardware are usually rated up to 180 C continuous
operating temperature with 200 C for short term maximum operating
temperature. However, because of the softer temper of the aluminum
wires, the outer wires can be more susceptible to damage from improper
installation and handling.

ACSS (Aluminum Conductor, Steel Supported) can be considered as
another type of high temperature conductor which can be supplied with
round or trapezoidal aluminum strands. ACSS conductor is similar to
ACSR; however, the aluminum strands in ACSS are fully annealed and
depends on the steel for its strength and sag characteristics. ACSS
conductors and hardware are usually rated up to 250 C or more continuous
operating temperature, depending upon the coating on the steel core,
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without loss of strength. However, because of the softer temper of the
aluminum wires, the outer wires can be more susceptible to damage from
improper installation and handling.

Selecting a Conductor Type.

1)

)

©)

(4)

Agency Standards. The conductor selected should generally be of a type
and stranding listed as being acceptable for use on borrower systems of the
Rural Utilities Service. See Informational Publication 202-1, “List of
Materials Acceptable for Use on Systems of USDA Rural Development
Electrification Borrowers”.

Corrosion Considerations. Conductors with galvanized steel cores should
not be used in areas of severe corrosion. Rather, a conductor with other
types of core wire, such as mischmetal or aluminum-clad core wire should
be used. A conductor with a steel core wire coated with aluminum or with
a heavier weight zinc may be considered, if such materials have been
successfully (i.e., reliably operated without core deterioration) used in
similar locations or corrosive environments..

Economics. The relative cost of one conductor type versus another is very
important. When comparing costs, one should take overall line costs into
consideration. However, a less expensive conductor with greater sags may
not be a more economical selection than a more expensive conductor with
lesser sag. When overall line costs are considered, the conductor that
allows longer spans and shorter structures may prove to be the better
choice.

Strength. The strength of the conductor and its ability to sustain
mechanical loads without unreasonable sags must be evaluated.

Selection of Conductor Size.

1)

Minimum Conductor Size. Table 9-1 provides a list of minimum
allowable conductor sizes for each standard agency transmission voltage.
The minimums are based on a combination of radio noise, corona, and
mechanical sag and strength considerations. If a conductor type other than
ACSR or 6201 AAAC is used, the conductor diameter should not be less
than the diameter of the ACSR specified for the particular given voltage.

TABLE 9-1
RECOMMENDED MINIMUM CONDUCTOR SIZES

kVLL ACSR AAAC - 6201
345 1/0 123.3 kcmil

46 2/0 155.4 kcmil

69 3/0 195.7 kemil

115 266.8 kcmil 312.8 kcmil

138 336.4 kcmil 394.5 kcmil

161 397.5 kemil 465.4 kemil

230 795 kcmil 927.2 kcmil
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Voltage Drop Considerations. Not only should the conductor be
sufficiently large to meet the requirements of paragraph 9.d.(1) of this
section, but it should also meet the system voltage drop requirements.
Typically, the conductor impedance would have to be sufficiently low so
that, under a given set of electrical loading conditions, the voltage drop
would not exceed approximately 5 percent. In general, voltage drop
becomes a factor for longer lines. Voltage drop can be evaluated by either
running a load flow computer program or by using the estimating tables in
Bulletin 62-5, “Electrical Characteristics of REA Alternating Current
Transmission Line Designs.”

Thermal Capability Considerations. When sizing a phase conductor, the
thermal capability of the conductor (ampacity) should also be considered.
The conductor should be able to carry the maximum expected long-term
load current without overheating. Generally, a conductor is assumed to be
able to heat up to 167°F without any long-term decrease in strength.
Above that temperature, there may be a decrease in strength depending on
how long the conductor remains at the elevated temperature. A
conductor's ampacity depends not only upon its assumed maximum
temperature, but also on the wind and sun conditions that are assumed.
See Appendix B of this bulletin for ampacity tables.

Economic Considerations. Economics is an important factor in
determining conductor size. The minimum conductor sizes given in Table
9-1 will rarely be the most economical in the long run. The added cost of
a larger conductor may be more than offset by the present worth of the
savings from the lower line losses during the entire life of the conductor.
A proper economic analysis should at a minimum consider the following
factors for each of the conductor sizes considered:

. The total per mile cost of building the line with the particular
conductor being considered;

. The present worth of the energy losses associated with the
conductor;

. The capital cost per kilowatt of loss of the generation, substation

and transmission facilities necessary to supply the line losses;
. Load growth.

The results of an economic conductor analysis can often be best
understood when presented in a graphical form as shown in Figure 9-5. At
an initial load of approximately 200 MW, 1272 kcmil becomes more
economical than 795 kemil. 954 kcmil is not economical at any load level
included on the graph.

Standardization and Stocking Considerations. In addition to the above
factors, the problem of standardization and stocking should be considered.
When a conductor is electrically and economically optimum, but is not a
standard size already in use on the system, the additional cost and
complications of having one more conductor size to stock should be
weighed against the advantages of using the optimum conductor. A
proliferation of conductor sizes in use on a power system is undesirable
because of the expense of stocking many sizes. In addition, if a power
system does not standardize on conductors then there may be a need for
additional associated hardware such as end fittings and splices.
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FIGURE 9-5: RESULTS OF A TYPICAL ECONOMICAL CONDUCTOR

ANALYSIS - 230 kV, 795 vs. 954 vs. 1272 kemil ACSR

e Overhead Ground Wires (OHGW).

1)

)

©)

High Strength or Extra High Strength Galvanized Steel Wires. High
strength OHGW included in Informational Publication 202-1 are 3/8" and
7/16", while extra high strength listed sizes include 5/16", 3/8", and 7/16".
Siemens Martin grade wires of any size and 1/4" steel strand are not
accepted by the agency for use as overhead ground wires. Overhead
ground wires are required to be in full compliance with ASTM A-363,
“Standard Specification for Zinc-Coated (Galvanized) Steel Overhead
Ground Wire Strand,” ASTM A-363 does not allow steel wires to have
brazed or welded joints. Steel wires for overhead ground wires are
available in three weights of zinc coating. The standard weight zinc
coating is designated as ‘A’. The heavier zinc coating is designated ‘B’
and ‘C’, with ‘C’ having the heaviest weight of zinc.

Aluminum-Clad Steel Strand. A thick cladding of aluminum makes
aluminum-clad steel strand more resistant to corrosion than strands with a
thin coating of zinc. In addition, the aluminum clad material has greater
conductivity.

The sizes of this material that may be used as overhead ground wires are 7
No. 10AWG, 7 No. 9AWG, 7 No. BAWG, and 7 No. TAWG. The
material is in accordance with ASTM B416, “Standard Specification for
Concentric-Lay-Stranded Aluminum-Clad Steel Conductors.”

Selecting a Size and Type. Selecting an overhead ground wire size and
type is dependent upon only a few factors, the most important of which is
how the sag of the OHGW coordinates with that of the phase conductors.
Other factors that may have to be considered are corrosion resistance and
conductivity.




Bulletin 1724E-200
Page 9-9

If a line is to be built in a seacoast region or in another location where
there is a highly corrosive atmosphere, aluminum-clad steel wire should
be considered. If the OHGW is to be used to carry any type of
communications signal, or if large magnitudes of lightning stroke currents
are expected, a higher conductivity than normal may be desirable.

f Conductor and Overhead Ground Wire Design Tensions.

1)

)

General. Throughout the life of a transmission line, the conductor
tensions may vary between 10 and 60 percent, or more, of rated conductor
strength due to change in loading and temperature. Most of the time,
however, the tension will vary within relatively narrow limits, since ice,
high winds, and extreme temperatures are relatively infrequent in many
areas. Such normal tensions may actually be more important in
determining the life of the conductor than higher tensions which are
experienced infrequently.

Conductor Design Tensions. In Table 9-3 provides recommended
maximum conductor tension values for ACSR and 6201 AAAC
conductors that should be observed for the ruling span. Note that the
values given are maximum design values. If deemed prudent, tensions
less than those specified or loadings greater than the standard loading
condition (tension limit for condition 3 of Table 9-3) may be used.
However, it is unwise to base the selection of a "maximum loading"
condition on a single or very infrequent case of excessive loading.
Mountainous areas above 4000 feet in which ice is expected, should be
treated as being in heavy loading district even if they are not.

In open areas where steady winds are encountered, aeolian vibration can
be a problem, especially if conductor tensions are high. Generally, lower
tensions at conditions at which aeolian vibration is likely to occur, can
reduce vibration problems (see paragraph 9.i.(2) for further discussion).

Explained below are the several conditions at which maximum conductor
tension limits are specified.

1. Initial Unloaded Tension. Initial unloaded tension refers to the
state of the conductor when it is initially strung and is under no ice
or wind load.

2. Final Unloaded Tension. After a conductor has been subjected to

the assumed ice and wind loads, and/or long time creep, it receives
a permanent or inelastic stretch. The tension of the conductor in
this state, when it is again unloaded, is called the final unloaded
tension.

3. Standard Loaded Tension. The standard loaded tension refers to
the state of a conductor when it is loaded to the assumed
simultaneous ice and wind loading for the NESC loading district
concerned (see Table 11-1, Chapter 11 for the loads associated
with each loading districts). The constants in Table 9-2 are to be
added to the vector resultant of the transverse and vertical loads to
get the total load on the conductor:
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TABLE 9-2
CONSTANTS TO BE ADDED TO THE TOTAL
LOAD ON A WIRE FOR NESC DISTRICT LOADS

Heavy Medium Light

0.30 Ibs/ft. 0.20 Ibs/ft. 0.05 Ibs/ft.

In cases where the standard loaded condition is the maximum mechanical
load used in the calculations, the initial and final sags and tensions for the
standard loaded condition will be the same unless creep is the governing
factor. If another condition, such as extreme ice, is the maximum
mechanical load, then the initial and final sags and tensions for the
standard loaded condition can be significantly different from one another.
In this case, it is important that the loaded tension limits be set for initial
conditions.

4. Extreme Wind Tension. The extreme wind tension refers to the
state of the conductor when a wind is blowing on it with a value
not less than the 50-year mean recurrence interval (see Figure 11-2
in Chapter 11 of this bulletin). No ice should be assumed to be on
the conductor.

5. Extreme Ice Tension. The tension in a conductor when it is loaded
with an extreme amount of ice for the area concerned is called the
extreme ice tension. It should be assumed that there is no wind
blowing when the ice is on the conductor. Values of 1 to 2 in. of
radial ice are commonly used as extreme ice loads.

6. Extreme Ice with Concurrent Wind. The tension in a conductor
when it is loaded with an extreme ice with a concurrent wind (see
Figure 11-3 in Chapter 11 of this bulletin).

Controlling Conditions. For a given ruling span, usually only one of the
tension limit conditions will control the design of the line and the others
will have relatively little significance as far as line tensions are concerned.

If the conductor loading under extreme ice or wind loads is greater than
under the standard loaded condition, calculated sag and tension values at
other conditions could be somewhat different from what they would be if
the standard loaded condition were the maximum case. In these situations,
stringing sags should be based upon tension limits for tension

conditions 1, 2, and 3 only, as tensions at conditions 4 and 5 are
satisfactory.

Overhead Ground Wire (OHGW). To avoid unnecessarily high
mechanical stresses in the OHGW, supporting structures, and guys, the
OHGW should not be strung with any more tension than is necessary to
coordinate its sags at different conditions with the phase conductors. See
Chapters 6 and 8.
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TABLE 9-3
RECOMMENDED CONDUCTOR AND OVERHEAD
GROUND WIRE TENSION AND TEMPERATURE LIMITS (Note B)

Temperatures

e Tension limits for conditions 1, 2 and 3 below are to be met at the following temperatures:

Heavy loading district 0°F
Medium loading district 15°F
Light loading district 30°F
Warm Islands (Altitudes Sea Level-9,000 ft)  50° F
Warm Islands (Altitudes over 9,000ft) 15°F

e Tension limits for condition 4 are to be met at the temperature at 60° F.
e Tension limits for condition 5 & 6 are to be met at 15° F.

Tension Limits

Tension Condition (percentage of rated breaking strength)
(See section 9.d.(2) for explanation) OHGW High OHGW Extra
Conductor Strength Steel High Strength
Steel
1. Maximum initial unloaded 33.3 (Note C) 25 20
2. Maximum final unloaded 25 (Note D) 25 20
3. Standard Loaded (usually NESC 50 50 50
district loading)
4. Maximum extreme wind (Note A) 70 (Note E) 80 80
5. Maximum extreme ice (Note A) 70 (Note E) 80 80
6. Extreme ice with concurrent wind 70 (Note E) 80 80
Notes:

(A) These limits are for tension only. When conductor stringing sags are to be determined, tension limits
1, 2 and 3 should be considered as longs as tensions at conditions 4, 5 and 6 are satisfactory.

(B) Tension limits do not apply for self-damping and other special conductors.

(C) In areas prone to aeolian vibration, a value of approximately 20 percent at the average annual
minimum temperature is recommended, if vibration dampers or other means of controlling vibration are
not used (see section 9.i for further details).

(D) For 6201 AAAC, a value of 20 percent is recommended.

(E) For ACSR only. For 6201 Aluminum, use 60 percent.
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g Ruling Span.

1)

)

Why a Ruling Span? If all spans in a section of line between deadends are
of the same length, uniform ice and wind loads will result in equal
conductor tension in all spans. But span lengths usually vary in any
section of line, with the result that temperature change and ice and wind
loads will cause conductor tensions to become greater in the longer spans
and less in the shorter spans when compared to the tensions of loaded
uniform spans. Movement of insulator strings and/or flexing of the
structures will tend to reduce this unequal tension. It is possible, however,
for conductor tension in long spans to reach a value greater than desired
unless the line is spotted and the conductor strung to limit this undesirable
condition.

A ruling span is an assumed uniform design span which approximately
portrays the mechanical performance of a section of line between its
deadend supports. The ruling span is used in the design and construction
of a line to provide a uniform span length which is representative of the
various lengths of spans between deadends. This uniform span length
allows sags and clearances to be readily calculated for structure spotting
and conductor stringing.

Use of a ruling span in the design of a line assumes that flexing of the
structure and/or insulator string deflection at the intermediate supporting
structures will allow for the equalization of tension in the conductor
between adjacent spans to the ruling span tension.

Calculations of the Ruling Span. On a line where all spans are equal, the
ruling span is the same length as the line spans. Where spans vary in
length, the ruling span is between the shortest and the longest span lengths
on the line, but is mainly determined by the longer spans.

o Approximate Method. Some judgment should be exercised in
using this method since a large difference between the average and
maximum span may cause a substantial error in the ruling span
value.

RS =L, +2/3(L

where:
RS = ruling span in feet.
Lave = average span in a line segment between deadends,
in feet.
Lmax = maximum span in a line segment between
deadends, in feet.

max Lavg Eqg. 9-1

. Exact Method. The following is the exact formula for determining
the ruling span in a line segment between deadend structures:

L +L° + L% ... +L°
RS=\/1+ 2 Toe .o T Eq. 9-2

L +L,+L+...+L

n
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where:
L1, Lo, L3, etc. = the different span length in the line
segment, in feet

Other symbols are as previously defined.

Establishing a Ruling Span. As can be seen from Equation 9-2, the exact
value of the ruling span can only be calculated after the structures have
been spotted and all the span lengths determined. However, the ruling
span has to be known in advance of structure spotting. Thus the ruling
span needs to be estimated before spotting structures on the plan-profile
drawings.

When following any procedure for estimating ruling span, keep in mind
that estimation of a ruling span is an intuitive process based on experience,
judgment, and trial and error. A good starting point for estimating ruling
span is the height of the base structure. The base structure is the structure
that is expected to occur most often throughout the line. After assuming a
base structure height, subtract the minimum ground clearance value from
the height of the lowest phase conductor above ground at the structure.
The allowable sag as limited by ground clearance is the result. Using this
sag value and tables of sags for various ruling span lengths, a ruling span
length can be chosen whose sag is approximately equal to the allowable
sag for the base structure height. In other words, a ruling span is chosen to
be approximately equal to the level ground span -- the maximum span
limited by line-to-ground conductor clearance for a particular height
structure. This method of choosing a ruling span is useful if the terrain is
flat or rolling. However, if it is rough, the ruling span should be
somewhat greater than the level ground span.

The ruling span value initially chosen should be checked to see that it
coordinates reasonably well with the minimum span values as limited by
such factors as structure strength, conductor separation, galloping, etc.
Also, Equation 9-1 should be used in conjunction with estimated
maximum and average span values to further check the reasonableness of
the estimated ruling span. If the initial estimate does not check out, the
value should be changed and the procedure repeated.

In cases where the spans in one extended section of line are consistently
and considerably longer or shorter than in another section of line, use of
more than one ruling span may be unavoidable. It isa common practice to
permit long spans to double the average span without deadends, provided
conductor tension limits are satisfactory. In addition, short spans should
not be less than approximately one-half of the ruling span. After the plan
and profile sheets are plotted, the validity of the estimated ruling span
value should be checked by comparing it to the actual value obtained. It is
not essential that the estimated ruling span value be equal to the actual
value, provided the estimated ruling span results in satisfactory ground
clearance and economical structure spotting without excessive conductor
tensions. However, if the difference between the estimated and actual
ruling span is more than approximately 15 percent, the effects resulting
from the difference should be carefully checked.
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4) Effects of the "Wrong" Ruling Span. It is important that the actual ruling
span be reasonably close to the ruling span value that is used to spot the
line. If this is not the case, there may be significant differences between
the predicted conductor tensions and clearances and the actual values.
There have been instances where sags were greater than predicted,
resulting in clearance problems, because the wrong ruling span was
assumed. Table 9-4 will be of use in determining how conductor sags
differ from the predicted value when there are differences between actual
and assumed ruling span. Note that tension variation is opposite of that of
the sags. Thus, increased sags mean decreased tension and vice versa.

TABLE 9-4
DIRECTION OF DEVIATION OF SAGS FROM
PREDICTED VALUES WHEN ACTUAL AND ASSUMED (DESIGN)
RULING SPAN VALUES ARE SIGNIFICANTLY DIFFERENT
(Applies to Unloaded Condition)

Assumed RS Assumed RS
is greater than is less than
Actual RS Actual RS
Conductor temperature is Actual sag is less than Actual sag is greater than
less than temperature at predicted-- predicted--
which the conductor was INCREASED CLEARANCE
strung TENSIONS PROBLEMS
Conductor temperature is Actual sag is greater than Actual sag is less than
greater than temperature at predicted-- predicted--
which the conductor was CLEARANCE INCREASED
strung PROBLEMS TENSIONS
CLEARANCE PROBLEMS — Conductor sags greater than indicated on the plan and
profile sheets may result in clearance problems
INCREASED TENSIONS — Conductor tensions greater than anticipated will result

h Determining Conductor Sags and Tensions. Determination of conductor sags and
tensions, given a set of tension limits as outlined in section 9.f, is a complex and
difficult task. This is true because only one of the tension limits may control, and
it is not always predictable which limit it will be. In addition, it is necessary to
work with conductor stress strain curves which for a compound conductor such as
ACSR can be rather complex.

The best method of obtaining conductor sag and tension values is to use one of
the numerous computer programs written for that purpose. When using a
computer program, several factors should be checked:

. The program should be written so that a check is made of all the
limiting conditions simultaneously and the governing condition
noted.

. The program should take conductor creep into account.
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. The tension values given should be average tension values and not
tension at support or horizontal tension values.
. The source of the stress stain data used should be indicated.

If computerized sag tension values are not available from the software, values can
be generated using the graphical method given in the publication, "Graphic
Method for Sag Tension Calculations for ACSR and Other Conductors,"
Publication No. 8, Aluminum Company of America, 1961.

Aeolian Vibration.

1)

General. Overhead conductors of transmission lines are subject to aeolian
vibration and galloping, both of which are produced by wind. Galloping is
discussed in section 6.e. Aeolian vibration is a high-frequency low-
amplitude oscillation generated by a low velocity, comparatively steady
wind blowing across the conductors. This steady wind will create air
vortices or eddies on the lee side of the conductor. These vortices or
eddies will detach at regular intervals from the top and bottom area of the
conductor creating a force on the conductor that is alternately impressed
from above and below. If the frequency of the forces approximately
corresponds to a frequency of a mode of resonant vibration of the span, the
conductor will tend to vibrate in many loops in a vertical plane. The
frequency of vibration depends mainly on conductor size and wind
velocity and is generally between 5 and 100 Hz for wind speeds within the
range of 0 to 15 miles per hour. The peak-to-peak amplitudes of vibration
will cause alternating bending stresses great enough to produce fatigue
failure in the strands of the conductor or OHGW at the points of
attachment. Highly tensioned conductors in long spans are particularly
subject to vibration fatigue. This vibration is generally more severe in flat
open terrain where steady winds are more often encountered.

The frequency and loop length of the vibration can be determined using
equation 9-3.

Frequency of the vibration:

f= 3.26;/— Eq. 9-3

C
where:
f = frequency of conductor vibration in Hertz
V = transverse wind velocity in miles per hour
dc = conductor diameter in inches
Loop Length (for a conductor that is assumed to have negligible stiffness):

LL =i Lg) Eq. 9-4
2f W,
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where:

LL =loop length in feet
Tave = average conductor tension in pounds
wc = unit weight of conductor in pounds per foos
g = universal gravitational constant, 32.2 ft/sec

Other symbols are as previously defined.

Designing for Vibration Problems. If an area is expected to have aeolian
vibration problems, measures ‘a’ through “d’ may be taken to mitigate
possible problems with damage to conductors, shield wire, and hardware.
It is also important to note that structures, not just conductors, shield
wires, and hardware, may be adversely affected by vibration. The
measures are not necessarily mutually exclusive; more than one measure
may be used simultaneously.

@ Reduced Tension: The two line design variables that have the
greatest effect upon a line's vibration characteristics are conductor
tension and span length. Singly or in combination, these two
variables can be reduced to the point where the level of vibration,
without any vibration damping devices, will not be damaging. For
similar sag characteristics, conductors of different types, with their
different characteristics, may require a different degree of vibration
protection.

A rule of thumb that has proved generally successful in eliminating
vibration problems is to keep the conductor tension for short and
medium length spans under initial unloaded conditions at the
average annual minimum temperature to approximately 20 percent
or less of the conductor's rated strength. For long spans, a
somewhat lower percent tension limit should be used. Due to their
vibration characteristics, 6201 AAAC and 1350 aluminum
conductors should be held to tensions somewhat lower than the

20 percent value, even for relatively short spans.

(b) Armor Rods: In addition to reinforcing the conductor at the support
points, armor rods provide a small amount of damping of aeolian
vibration. In lines with lower conductor tension and shorter spans,
this damping may provide adequate protection against conductor
strand fatigue.

(c) Cushioned Suspensions: Cushioned suspensions combine armor
rods with a resilient cushioning of the conductor. These
suspension clamps provide somewhat more damping than armor
rods, but the degree of damping is still relatively small compared
to vibration dampers.

(d) Dampers: Stockbridge and other types of dampers are effective
devices for controlling vibration. The selection of damper sizes
and the best placement of them in the spans should be determined
by the damper or conductor manufacturer on the basis of the
tension, weight, and diameter of the conductor and the expected
range of wind velocities. The length of the suspension clamp and
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the effect of the armor rods or cushioned suspensions should also
be considered. With new efficient damper designs and usual
conductor tensions and span lengths, one damper is installed near
one span support joint. For long spans, additional dampers may be
required.

Galloping. See Chapter 6 for details.

Maximum Possible Single Span. For a given span length, as the sag is increased,
the tension at the support will decrease, until a point is reached where the tension
will begin to increase due to the weight of the conductor. This point occurs when
the sag is equal to 0.337 times the span length.

The relationship between span length and tension can be expressed as:

T
W,

C

L. =133

max

Eq. 9-5

where:
W, weight of conductor in pounds per foot
T Itant tension at support, pounds
Lmax  imum span, feet

The above formula can be used to determine the maximum possible span given a
maximum tension at supports. This is most useful when dealing with river
crossings, etc.

Sag and Tension Relationships. The relationships in paragraphs 9.1.(1) through
9.1.(3) are useful for understanding the sag-tension relationships for conductors:

1) Level Span Sags. Equation 9-6, the approximate "parabola method", is
helpful in solving some sag and tension problems in span lengths below
1,000 feet, or where sag is less than 5 percent of the span length.

S=—_ Eq. 9-6
8T, a
where:
S = sag at center of span in feet
L = span length in feet
Tn = horizontal tension in pounds

The exact formula for determining sags is:

S = T—“(cosh Wel J Eq. 9-7
W h

c

(@) Inclined Span Sags. See Figure 9-6 for method of determining inclined
span sags.
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Tension. The conductor tension in a level span varies from a maximum
value at the point of support to a minimum value at mid-span point.

The tension at the point of support is:

L
T=T,+w,S =T, cosh We
2T

Eg. 9-8

h

The value that is generally referred to, when the "tension™ of a conductor
is indicated, is usually the average of the tension at the support and the
tension at mid-span. Thus:

T — =Th + ¢ Eq 9'9

where:

Tavg = average tension in pounds
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Formula for equivalent span length: 45
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Example: Assume span with A=1000 ft, +
B =100 ft. if deadend span correction = 10 ft 500 ¥
(see above). If suspension span, correction =2.5
ft (see above). Equivalent span = 1000 ft +
correction . Read chart sag for equivalent span
length.
Sag is based on parabolic functions. If sag
100 exceeds 5 % of span, do not use this chart.

FIGURE 9-6: NOMOGRAPH FOR DETERMINING LEVEL SPAN
EQUIVALENTS OF NON-LEVEL SPANS
From IEEE Standard 524-2003, “IEEE Guide to the Installation of Overhead Transmission Line
Conductors,” copyright 2004 IEEE. All rights reserved.
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m Stringing Conductors.

1)

)

(3)

Tension Method (Preferred) for Stringing Conductors. Using this method,
the conductor is kept under tension during the stringing process.
Normally, the tension method is used to keep the conductor clear of the
ground and of obstacles which might cause conductor surface damage and
clear of energized circuits. The method requires pulling a light pilot line
into the sheaves. The pilot line is then used to pull a heavier line. The
heavier pulling line is used to pull conductors from reel stands using
specially designed tensioners and pullers. For lighter conductors, a
lightweight pulling line may be used in place of the pilot line to directly
pull the conductor. A helicopter or ground vehicle can be used to pull or
lay out a pilot line or pulling line. When a helicopter is used to pull a line,
synthetic rope is normally used to attach the line to the helicopter and
prevent the “pilot line” or pulling line from flipping into the rotor blades
upon release. With the tension method, the amount of right-of-way travel
by heavy equipment can be minimized. Usually, this tension method
provides the most economical means of stringing conductor. Use of

a helicopter is particularly advantageous in rugged or poorly accessible
terrain.

Major equipment required for tension stringing includes reel stands,
tensioner, puller, reel winder, pilot line winder, splicing cart and helicopter
or pulling vehicle.

Slack or Layout Method. Using this method, the conductor is dragged
along the ground by means of a pulling vehicle, or the reel is carried along
the line on a vehicle and the conductor is deposited on the ground.
Conductor reels are positioned on reel stands or "jacks," either placed on
the ground or mounted on a transport vehicle. These stands are designed
to support the reel on an arbor, permitting the reel to turn as the conductor
is pulled. Usually a braking device is provided to prevent overrunning and
backlash. When the conductor is dragged past a supporting structure,
pulling is stopped and the conductor placed in sheaves attached to the
structure before proceeding to the next structure.

This method is chiefly applicable to the construction of new lines where
maintenance of conductor surface condition is not critical and where
terrain is easily accessible to a pulling vehicle. The method is not usually
economically applicable in urban locations where hazards exist from
traffic or where there is danger of contact with energized circuits, nor is it
practical in mountainous regions inaccessible to pulling vehicles.

Major equipment required to perform slack stringing includes reel stands,
pulling vehicle(s) and a splicing cart.

Stringing Conductors During Temperature Changes. An examination of
conductor sag and tension tables will generally indicate the changes that
take place in various span lengths with a change of conditions. For a
given set of conditions, spans of various lengths may have a different rate
of tension change with a change of loading or temperature. The ruling
span tension of an unloaded conductor matches the tension of any other
span only at one temperature. Large changes in temperature during
stringing require care in matching average tensions in any section. Itis
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desirable to complete stringing between deadends during periods of
minimum temperature change and at zero wind load. Where spans are
supported by suspension insulators, each span will have an influence on
adjacent spans such that no span can be considered independently of the
remainder of spans in the same section between anchor structures. Change
in temperature has a greater effect on short spans than loading does, while
long spans are affected more by loading. In short spans a slight movement
of supports results in substantial changes in tension while in longer spans,
relatively greater movement is required. The relation between adjacent
span lengths therefore determines the movement required to equalize
tension.

The Sagging of Conductors. It is important that the conductors be
properly sagged in at the right stringing tension for the ruling span used.
When installing conductors, a series of several spans is usually sagged in
one operation by pulling the conductors to proper tension while they are
supported on free rolling sheaves. To obtain the correct sags and to ensure
that the suspension insulators will hang vertically, the horizontal
components of tension must be the same in all spans for a selected
condition. In a series of spans of varying length, greater sag tends to form
in the long spans. On steep inclines the sheaves will deflect in the uphill
direction and there will be a horizontal component of tension in the sheave
itself. The horizontal component of tension in the conductor will therefore
increase from one span to the next, as the elevation increases, by an
amount equal to the horizontal component in the sheave. As a result, sags
will proportionally decrease. In order to avoid this effect, it may be
necessary to use a procedure called offset clipping. In this procedure, the
point along the conductor at which it is attached to the insulator string is
moved a specific distance down span from the point at which the
conductor sits in the stringing block. See Figure 9-7 for further details on
offset clipping.

It is important that the sags of the conductor be properly checked. Itis
best to do this in a series of level spans as nearly equal to the ruling span
as possible.

For additional information, see:

“A Guide to the Installation of Overhead Transmission Line Conductors,” IEEE
Standard 524-2003, IEEE, 2004.
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Conductor in Travelers
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FIGURE 9-7: ANALYSIS FOR APPLICATION OF CLIPPING OFFSETS
From IEEE Standard 524-2003, “IEEE Guide to the Installation of Overhead Transmission Line
Conductors,” copyright 2004 IEEE. All rights reserved.
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Example 9-1: Determination of Ruling Span: Determine the ruling span for the
line segment given below using both the exact and approximate
method.

- ]

N — N

925 ft 1380 ft 495 ft 1005 ft

FIGURE 9-8: LINE SECTION FOR EXAMPLE 9-1

Solution, Exact Method:

RS — L13+L2‘°’+L3‘°’+...+Ln3 See Eq. 9-2
L +L, +Ly+...+L, a

RS \/9253 +1380° +495° +1005°
925+1380 + 495 +1005

RS = 1094 ft.

Solution, Approximate Method:

RS =Lavwc+ 2/3(|—MAX - I—AVG) See Eq 9-1

Lave = (925 + 1380 + 495 + 1005)/4 = 951 ft.

I—MAX = 1380

RS =951 + 2/3(1380 - 951)

RS =1237 ft.

As previously mentioned in the text, the error between the exact and approximate

methods of determining ruling span is caused by a rather significant error between

the average and maximum span values.

Example 9-2: Maximum Span Determination: Determine the maximum span (for
river crossings, etc.) for a 795 kemil 26/7 ACSR conductor.

Assume that under heavy loading district conditions, the conductor
can be loaded up to 40 percent of its rated strength.
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Solution: From the conductor tables in Appendix B, the rated strength of the
conductor is 31,500 Ibs. and the weight of the conductor with 1/2 in. of radial ice
1S 2.0930 Ibs/ft..

T =31500(0.4) = 12600 Ibs.

Lvax = 1.33L See EQ. 9-5
w

C

Lmax = 1.33 12600 Ibs. = 8007 ft.
2.0930 Ibs/ft.

Example 9-3: Determination of Tensions at the Mid Span Point and at the Point
of Support: A level 800 ft. span of 795 kcmil 26/7 ACSR
conductor has a sag of 21.95 ft. The average tension value is
9,185 Ibs. and there is no ice or wind on the conductor. Determine
the actual tension values at the mid span point and at the point of
conductor support.

Solution for the Tension at Mid Span Point:

Ty = =T, +— See Eqg. 9-9

avg

From the conductor tables in Appendix B, the weight of the conductor without ice
is 1.0940 Ibs/ft.

Th=9185 - (1.094)(21.95)
2
T =9173 Ibs.

Solution for the Tension at Support:

L
T=T,+w,S =T, cosh We
2T

See Eq. 9-8

h
T=Th+wS

T=9173 +(1.094)(21.95)
T =9197 Ibs.
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PLAN-PROFILE DRAWINGS

a

General. Transmission line plan-profile drawings serve an important function in
linking together the various stages involved in the design and construction of the
line. Initially, the drawings are prepared based on a route survey. These
drawings show the location and elevation of all natural and man-made features to
be traversed by, or which are adjacent to, the proposed line which may affect
right-of-way, line design and construction. They also indicate ownership of lands
near the line. The drawings are then used to complete line design work such as
structure spotting. During material procurement and construction, the drawings
are used to control purchase of materials and they serve as construction
specification drawings. After construction, the final plan-profile drawings
become the permanent record and right-of-way data, useful in line operation and
maintenance or future modifications.

Accuracy, clarity, and completeness of the drawings should be maintained,
beginning with initial preparation, to ensure economical design and correct
construction. All revisions made subsequent to initial preparation and transmittal
of drawings should be noted in the revision block by date and brief description of
revision. Originals of the plan-profile drawings, revised for as-built conditions,
should be filed by the borrower for future reference.

Drawing Preparation. Adequate control of field survey, including ground check
of aerial survey, and proper translation of data to the plan-profile drawings are of
utmost importance. Errors which occur during this initial stage will affect line
design because a graphical method is used to locate the structures and conductor.
Normally, plan-profile sheets are prepared using a scale of 200 feet to the inch
horizontally and 20 feet to the inch vertically. On this scale, each sheet of plan-
profile can conveniently accommodate about 1 mile of line with overlap to
connect the end span on adjacent sheets. On lines with abrupt ground terrain
changes and on lines where there is need to minimize breaks in elevation view,
plan-profile sheets may use a scale of one inch equal to 400 feet horizontally and
one inch equal to 40 feet vertically.

A sample format for plan-profile drawing, detailing dimensions and stationings in
U.S. customary (English) units, is shown in Figure 10-1. Stationing and structure
numbering increases from left to right and the profile and corresponding plan
view are included on the same sheet. Drawings prepared in ink on Mylar or
tracing cloth will provide a better permanent record than on paper. However,
structure spotting initially should be marked in pencil on plan-profile drawing
paper and transferred to the base tracings in ink after the drawings are approved
and the line is released for construction.

Conventional symbols used to denote features on the drawings are shown in
Figure 10-2. Features of existing obstacles, structures, etc. to be crossed by the
transmission line, including the height and position of power and
telecommunication lines, should be shown and noted by station and description in
both the plan and profile views. The magnitude and direction of all deflection
angles in the line should be included and referenced by “P.I. Station No. XX” in
plan and elevation views. (P.l. refers to point of intersection). In rough terrain,
broken lines representing side-hill profiles should be accurately plotted to assure
final designs will provide for adequate conductor-to-ground clearances and pole
heights. A drawing title block should be included. The block should identify the
line and include the station numbers that are covered on the drawing sheet. The
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block should also include space for recording the names of personnel and the
dates involved in various stages of drawing preparation, line design, checking,
approval, and revisions.

Line design computer software may be used to import survey data and develop
the land profile for the transmission line. Developments in surveying
technologies have allowed the industry to go beyond the station-elevation-offset
formats that have traditionally been used for transmission profile modeling. Use
of three-dimensional Geographical Information System (GIS) modeling is
becoming more common. Total station, geographical positioning system,
photogrammetry, and electronic topographical maps (United States Geological
Survey, USGS, maps) have been employed to collect data in electronic format and
to develop quick and accurate terrain plan and profile for transmission lines.

Design software can use a three-dimensional survey format and develop profile
drawings of the terrain along the centerline of the line. Some software can create
interpolated points on profiles by creating a Triangular Irregular Network (TIN).
The TIN can be used to develop a three-dimensional rendering of a transmission
line.

Once the alignment and profile have been developed, computer programs are then
used to spot structures along the profile. For an established family of structures,
the computer can be used to automatically spot structures for the most economical
line cost or the user may manually spot structures. Programs have been
developed to automatically plot the sag curve of the conductor and to check
insulator swing, structure strength, and clearances. A material list is often
developed from computer generated plan-profile drawings.

Computer aided drafting and design software may provide all or part of the
following:

. Importing survey data, to model terrain, and to create a profile;

. Modeling of structure, including strength, geometry, insulator swing and
complete bill of material;

. Calculating conductor sag and tension;

o Locating structures (spotting) on the profile drawing;

. Calculating conductor stringing and sagging, at almost any temperature, to
check design conditions such as uplift, ground clearance or insulator
swing;

. Checking the line plan-profile against specific design criteria;

. Displaying the plan-profile or structure analysis in three dimensions; and

. Preparing reports and construction documents showing all construction

material units on the plan and profile, as well as developing material
reports, staking tables, offset clipping reports, etc.

Some design programs provide more custom drafting capabilities. Traditional
methods used to spot structures can be as much as 70-80 percent more
conservative than the computer aided design and drafting approach.
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FIGURE 10-1: SAMPLE OF A PLAN AND PROFILE
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PLAN
Transmission Line ¢
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Property Lines — —
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FIGURE 10-2:

CONVENTIONAL SYMBOLS FOR PLAN-PROFILE
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Sag Template. When computers are not used to spot structures and draw the
conductor sag curve, manual techniques are used. Once the profile of the line has
been drawn, the next step is to develop a sag template. The sag template is a
scaling device used for structure spotting and for showing the vertical position of
conductor (or ground wire) for specified design conditions . A sample conductor
sag template is shown by Figure 10-3. The template is used on plan-profile
drawings to graphically determine the location and height of supporting structures
required to meet line design criteria for vertical clearances, insulator swing, and
span limitations. The sag template permits alternate layout for portions of the line
to be investigated and thereby aids in optimizing line design for economy.

Generally, the conductor sag curves control the line design. The sag template for
the overhead ground wire is used to show the position of the wire in relationship
to the conductors for special spans or change in conductor configuration. An
uplift condition at the overhead ground wire may be checked by using the
template cold curve.

(@D Sag Template Curves: The sag template should include the following sag
curves based on the design ruling span:

@) Hot (Maximum Sag) Curve: At maximum operating temperature,
no ice, no wind, final sag curve, the hot curve is used to check for
minimum vertical clearances. However, if the maximum sag
occurs under an icing condition, this sag curve should be used for
the sag template.

(b) Cold Curve: At minimum temperature, no ice, no wind, initial sag
curve, the cold curve is used to check for uplift and insulator
swing.

(c) Normal Curve: At 60°F, no ice, no wind, final sag curve, the
nor_mal curve is used to check normal clearances and insulator
swing.

Sag curves are also used to locate the low point of sags and determine the
vertical span lengths as illustrated by Figure 10-6. The curve intersection
with the vertical axis line represents the low point position of sag.

Conductors of underbuild lines may be of different types or sizes than the
transmission conductor. The hot curve of the lowest distribution
conductor should be used for checking ground clearance. Cold curves
may be required for each size of conductor to check for uplift or insulator
swing.

2 Sag Template Design: Sag templates may be developed from information
provided by the manufacturer of the conductor or from a graphical
calculation method. Sag values needed to construct the template are
available from the conductor manufacturer for a given conductor, ruling
span, design condition and temperature. Sag values may also be
determined using the graphic method referred to in Section 9.h of
Chapter 9. The template should be made to include spans three or four
times as long as the normal level ground span to allow for spotting
structures on steep terrain.
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The form of the template is based on the fact that, at the time when the
conductors are installed, horizontal tensions have to be equal in all level
and inclined spans if the suspension insulators are plumb in profile. This
is also approximately true at maximum temperature. To obtain values for
plotting the sag curves, sag values for the ruling span are extended for
spans shorter and longer than the ruling span. Generally for spans up to
1000 feet, it is sufficiently accurate to assume that the sag is proportional
to the square of the spans (unless more accurate computed sag values are
unavailable). The sag values used for the template may be determined as
follows:

@ For the ruling span and its sag under each appropriate design
condition and temperature, calculate other sags by the relationship:

L 2
S= (R—Sj (Sks) Eq. 10-1
where:
S = sag of other span in ft.
Srs = sag of ruling span in ft.
L = length of other span in ft.
RS = ruling span sag in ft.

(b) Apply catenary sag correction for long spans having large sags.
The template should be cut to include a minimum of one foot
additional clearance than given in Table 4-1 (Chapter 4), to
account for possible minor shifts in structure location and error in
the plotted profile. Where the terrain or the surveying method used
in obtaining ground profile is subject to greater unknowns or
tolerances, the one foot additional clearance should be increased.
The vertical offset between the upper two maximum temperature
(hot) curves is equal to the total required clearance, including the
specified additional clearance. It is shown as dimension "C" in
Figures 10-3 and 10-4. The minimum temperature and the 60°F
curves may be placed in any convenient location on the template.

A sag template drawing similar to Figure 10-3, made to the same
scales as the plan-profile sheets, should be prepared as a guide for
cutting the template. This template is made for a specified
conductor, ruling span, and loading condition. A new template
should be prepared for each line where there is any variation in
voltage, conductor size, loading condition, design tension, or ruling
span. A change in any one of these factors may affect the design
characteristics of the template.
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CONDUCTOR:  336.4 kcmil ACSR (26/7)
RULING SPAN:  500ft

MAX. DESIGN TENSION : 5786 Ib.

DESIGN LOADING: 1/2in. ice, 4 psfwind @ 0°F

SCALE: HORIZONTAL 1" =200 ft
VERTICAL 1"=20ft

0°F Initial
Cold Curve

60°F FINAL
Normal Curve

7°F FINAL
Hot Curve

FIGURE 10-3: SPECIMEN SAG TEMPLATE FOR CONDUCTOR

(Reduced size, not to scale)

B = Sag for the level ground span, C = Total Ground Clearance,
G = Dimension from ground to point of attachment of lowest conductor

(3)

Sag Template Construction: The sag template should be made of
dimensionally-stable transparent plastic material. A contrasting colored
material (for example, red) is very helpful when the template is used to
check plan-profile blueprint drawings.

Curves are first plotted on paper using the correct scales and then
reproduced or copied on the plastic material. To cut a template, the
transparent material is fastened securely over the curves drawn on paper
and the centerline and upper curves are etched lightly by a sharp-pointed
steel scriber. The outside edges of the template should be etched deeply
so that the template can be easily broken out and the edges sanded smooth.
Structure height scales may also be drawn or etched on the sag template,
or a separate template, for determining the pole height required for each
type of structure used. Etched lines should be filled with ink to make
them easier to see when the template is used.

Conductor size, design tension and loading condition as well as ruling
span and descriptive data for each curve should be shown on the template.
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d Structure Spotting

1)

General. Structure spotting is the design process which determines the
height, location, and type of consecutive structures on the plan-profile
sheets. Actual economy and safety of the transmission line depends on
how well this final step in the design is performed. Structure spotting
should closely conform to the design criteria established for the line.
Constraints on structure locations and other physical limitations
encountered may prevent spotting of structures at optimum locations.
Success of the effort to minimize or overcome these special conditions can
be judged by how closely the final line layout follows the original design
parameters.

Desired objectives of a well-designed and economical line layout are:

@) Spans should be approximately uniform in length, equal to or
slightly less than the design ruling span. Generally, differential
conductor tensions are minimized and may be ignored if adjacent
span lengths are kept below a ratio of 1.5to 1.

(b) Maximum use should be made of the basic structure of equal
height and type. The basic structure is the pole height and class
which has been selected as the most economical structure for the
given design condition.

(c) The shape of the running conductor profile, also referred to as the
grading of the line, should be smooth. If the conductor attachment
points at the structures lie in a smooth-flowing curve, the loadings
are equalized on successive structures.

For a generally level and straight line, with few constraints

on structure locations, there is no conflict between these
objectives. They can be readily achieved. Greater skill and effort
are needed for lines with abrupt or undulating ground profile and
for those where constraints on structure location exist. For
example, there may be high or low points in the profile or features
such as line angle points, crossings over highway, railroad, water,
power and telecommunication lines, and ground with poor soil
conditions. Structure locations and heights are often controlled or
fixed by these special considerations. Alternative layouts between
fixed locations may then be required to determine the best
arrangement based on factors of cost and effective design.
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@) Design Factors for Structure Spotting. The following design factors are involved
in structure spotting and are covered in the identified chapters of this bulletin:

@) Vertical Clearances (Chapter 4)

) Basic, level ground
o Crossings
J Side hill
J Underbuild
(b) Horizontal Clearances
o For insulator side swing condition (Chapter 7)
o To edge of right-of-way, vertical obstructions and steep

side hills (Chapter 5)
(©) Uplift (Chapter 12)

(d) Horizontal or Vertical Span Limitations Due to:
o Vertical sag - clearance requirement (Chapters 4, 6)
Conductor separation (Chapter 6)
Galloping (Chapter 6)
Structure strength (Chapters 13, 14)
Crossarm strength (Chapter 13)

(e) Angle and Deadend (Chapter 14)
. Guying arrangements
o Guy anchors

(3) Preparation. The following are necessary for structure spotting:

o Plan-profile drawings of the transmission line,

. Sag template of the same scale as the plan-profile prepared
for the design temperatures, loading condition, and ruling
span of the specified conductor and overhead ground wire,

. Table of minimum conductor clearances over ground
features and other overhead lines (Chapter 4),

o Insulator swing charts (Chapter 7)

o Horizontal and vertical span limitations due to clearance or

strength requirements
(Chapters 8, 9, and 13), and

. Guy arrangement and anchor requirements for angle and
deadend structures (Chapter 14).

A height scale prepared for each structure type will aid in structure height
determination. Supporting calculations should be summarized in chart or
tabular form to facilitate application during structure spotting. This is
especially advisable for the standard suspension structure which has a
greater range of pole height and class, as well as bracing variations for H-
frame structures. Selection of the proper pole may be affected by various
criteria, such as span-controlled-by-clearance or span-limited-by-pole-
strength, for a given pole height and class or bracing.
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4 Process of Spotting. The process of spotting begins at a known or
established conductor attachment point such as a substation take-off
structure. For level terrain, the profile is essentially a straight line. When
a sag template is held vertically and the ground clearance curve is held
tangent to the ground profile, the edge of the template will intersect the
ground line at points where structures of the basic height should be set.
This relation is illustrated for a level span in Figure 10-4. Curve 1 (lowest
conductor sag position) represents the actual sag of the conductor. Curve
2 (basic ground clearance curve) represents the actual position of the
lowest conductor plus the required total ground clearance, "C".
|
32 1 | |
! 1
J ‘ J <
\’_/ m
] o © GROUND LINE
- | | | /
I | f O
l
4 5 F
!
Hot Curves (Maximum Sag) A = Dimension from top of pole to point of
attachment of lowest conductor.-
Curve 1 - Lowest Conductor Sag Position B = Sag in level ground span.
Curve 2 - Basic Ground Clearance Curve C =Total ground clearance.
Curve 3 - Edge of Template or Reference Line D = Setting depth of pole
Point 4 - Intersection Locates Pole of Basic E = Length of pole.
Height
Point 5 - Tangent to Ground Profile F = Level ground span.

G = Dimension from ground to point of
attachment of lowest conductor

FIGURE 10-4: APPLICATION OF SAG TEMPLATE - LEVEL GROUND SPAN

The point where Curve 3 intersects the ground line determines the location
of the next structure. This new location is found by drawing an arc along
the edge of the template from Point 4 to the next point where Curve 3
intersects the ground line. The template should then be shifted and
adjusted so that with the opposite edge of the template held on the
conductor attachment point previously located with the clearance curve
again barely touching the profile. The process is repeated to establish the
location of each succeeding structure. After all structures are located, the
structures and lowest conductor should be drawn in.

The above procedure can be followed only on lines that are approximately
straight and which cross relatively flat terrain with the basic ground
clearances. When line angles, broken terrain, and crossings are
encountered, it may be necessary to try several different arrangements of
structure locations and heights at increased clearances to determine the
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arrangement that is most satisfactory. Special considerations often fix or
limit the structure locations. It is advisable to examine the profile for
several span lengths ahead, take note of these conditions and adjust the
structure spotting accordingly. Sometimes, a more balanced arrangement
of span lengths is achieved by moving ahead to a fixed location and
working back.

The relationship between the ground clearance and conductor curves is
also used for spans other than level-ground spans. This is done by shifting
the sag template until ground profile touches or is below the clearance
curve with the previously established conductor attachment point is
positioned on the conductor curve. The conductor curve would then
indicate the required conductor height for any selected span. Structure
height may be determined by scaling or by use of the proper structure
height template, taking into account the change in the embedded pole
length for poles other than the basic pole. Design limitations due to
clearance or structure strength should be observed.

Crossings. For spans-crossing features such as highway and power lines,
with different clearance requirements than the normal clearance, the
ground clearance curve should be adjusted accordingly. In California,
adequate ground clearance has to be maintained over all railroads, major
highways, major telecommunication and power lines when there is a
broken conductor condition in either of the spans adjacent to the crossing
span. Other states are governed by the NESC, which does not require the
broken conductor condition. The increase in sag due to a broken
conductor in an adjacent span is usually significant only where
suspension-type structures are used at crossings and for voltage at 230 kV
or above. For tension structures, and for suspension structures at lower
voltages, the sag increase normally will not seriously affect the clearance.

Insulator Side Swing - Vertical Span. Horizontal conductor clearances to
supporting structures are reduced by insulator side swing under transverse
wind pressure. This condition occurs where the conductor is supported by
suspension-type insulators. Conductors supported by pin-type, post, or
tension insulators are not affected and horizontal clearance of the deflected
conductor position within the span becomes the controlling factor (see
Chapter 5 of this bulletin). Suspension insulators also deflect laterally at
line angle locations due to the transverse component of conductor tension.

Chapter 7 covers the preparation of insulator swing charts. At each
structure location the charts are used to determine if insulator swing is
within the allowed limit for the vertical and horizontal spans and line
angle conditions. For suspension insulators supported on horizontal
crossarms, a minimum vertical span has to be maintained to avoid
excessive side swing. To maintain adequate clearance for insulators
attached directly to the pole, and for some types of angle structures, the
vertical span cannot exceed a maximum value (as indicated by the
insulator swing chart). See Figure 7-5 of this bulletin for an example
swing angle chart for the TH-233 large angle structure.

The vertical span is the distance between the conductor low points in
spans adjacent to the structure. The horizontal span is the average value of
the two adjacent spans to a structure. Where conductor attachments are at
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different elevations on adjacent structures, the low point is not at mid-span
and will shift its position as the temperature changes. This shift can be
readily seen by comparing the low point for the hot curve with its position
for the cold curve. The vertical span value used to check the insulator
swing should be based on the low point position which yields the most
critical condition for the structure type. (See Chapter 7 for details on
insulator swing).

Where minimum vertical span or uplift is the concern, the cold curve
should be used. The normal temperature is more critical and should be
used if the vertical span is limited by a maximum value. Figure 10-6
shows some examples of the relationship of conductor low points and
vertical spans which may occur in a line profile.

If insulator swing is unacceptable, one of the following corrective steps, in
order of preference, is recommended:

@) Relocate structures to adjust horizontal-vertical span ratio;

(b) Increase structure height or lower adjacent structures;

(©) Use a different structure, one with greater allowable swing angle or
a deadend structure; or

(d) Add weight at insulators to provide the needed vertical force.

Uplift. Uplift is defined as negative vertical span and is determined by the
same procedure as vertical span. On steeply inclined spans when the cold
sag curve shows the low point to be above the lower support structure, the
conductors in the uphill span exert upward forces on the lower structure.
The amount of this force at each attachment point is related to the weight
of the loaded conductor from the lower support to the low point of sag.
Uplift exists at a structure (see Structure No. 4 in Figure 10-6) when the
total vertical span from the ahead and back spans is negative. Uplift has to
be avoided for suspension, pin-type, and post insulator construction. For
structures with suspension insulators, the check for allowable insulator
swing is usually the controlling criteria on vertical span. A rapid method
to check for uplift is shown by Figure 10-5. There is no danger of uplift if
the cold curve passes below the point of conductor support on a given
structure with the curve on the point of conductor support at the two
adjacent structures.

Designing for uplift, or minimizing its effects, is similar to the corrective
measures listed for excessive insulator swing, except that adding of
excessive weights should be avoided. Double deadends and certain angle
structures can have uplift as long as the total force of uplift does not
approach the structure weight. If it does, hold-down guys are necessary.

Care should be exercised to avoid locating structures that result in poor
line grading (see Paragraph 10.d.(1).(c) of this chapter).
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Uplift Exists at
Center
Structure

No Uplift at
Center Structure,
Check for Allowable

FIGURE 10-5: CHECK FOR UPLIFT

Other Considerations. If maximum conductor tension or other limits are
not exceeded, it may be preferable to use one long span with adequate
conductor separation over a depression in the profile rather than use two
short spans with a deadend structure at the bottom of the depression. A
structure at the bottom of the depression may be subjected to considerable
uplift at minimum conductor temperature. Also, poorer soil foundation
conditions usually exist in the depression.

Care has to be exercised at locations where the profile falls sharply away
from the structure to see that the maximum allowable vertical span as
limited by the strength of the crossarm or insulator is not exceeded.
Structure No. 2 in Figure 10-6 illustrates this condition. For maximum
accuracy in the heavy or medium loading zone, the vertical span for this
purpose should be determined with a curve made for the sag under ice
load, no wind, at 32°F. For most conductors, however, the maximum
temperature final sag curve will closely approximate the curve for the ice-
loaded conductor, and it may be used when checking for maximum
vertical span. For guyed structures, the maximum vertical loads added to
the vertical components from guy loads should be checked against the
buckling strength of the pole.

The profile in rough country where side hills are encountered should be
prepared so that the actual clearances under the uphill and downhill
conductor may be checked. For some long spans it may be necessary to
check side hill clearance with the conductors in their maximum transverse
swing position. H-frame type structures installed on side hills may require
different pole heights to keep the crossarm level or one pole may be set a
greater than normal setting depth.
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Structures with adequate longitudinal strength (guyed deadends usually)
are required at locations where longitudinal loading results from unequal
line tensions in adjacent spans. For lines subject to heavy ice and extreme
wind conditions and with long, uninterrupted section of standard
suspension structures, consideration should be given to include some
structures with in-line guys or other means to contain and prevent
progressive, cascading-type failure. This is especially important for H-
frame type structures with lower strength in the longitudinal direction
when compared with its transverse strength. Measures to prevent
cascading failures are also important for lines without overhead ground
wire which tends to restrain the structure from collapsing longitudinally.
A maximum interval of 5 to 10 miles is suggested between structures with
adequate longitudinal capacity (guyed deadends usually), depending on
the importance of the line and the degree of reliability sought.

Other Design Data. Conductor and ground wire sizes, design tensions,
ruling span, and the design loading condition should be shown on the first
sheet of the plan-profile drawings. For completeness, it is preferable that
these design data be shown on all sheets. A copy of the sag template
reproduced on the first sheet could serve as a record of design in case the
template is misplaced or lost. Design data for underbuild and portions of
the line where a change in design parameters occurs should similarly be
indicated. The actual ruling spans between deadends should be calculated
and noted on the sheets. This serves as a check that the actual ruling span
has not deviated greatly from the design ruling span. The significance of
this deviation is also covered in the ruling span section of Chapter 9.
Where spans are spotted at lengths less than one-half or over twice the
ruling span, deadending may be required.

As conductor sags and structures are spotted on each profile sheet, the
structure locations are marked on the plan view and examined to insure
that the locations are satisfactory and do not conflict with existing features
or obstructions. To facilitate preparation of a structure list and the
tabulation of the number of construction units, the following items, where
required, should be indicated at each structure station in the profile view:

Structure type designation,

Pole height and class,

Pole top, crossarm, and brace assemblies,

Pole grounding units,

Miscellaneous hardware units (vibration dampers at span
locations), and

o Guying assemblies and anchors.

The required number of units or items required should be shown in
parenthesis if greater than one. Successive plan-profile sheets should
overlap. For continuity, and to avoid duplicate count, the end structure on
a sheet should be shown as a broken line on the following sheet. The
number and type of guying assemblies and guy anchors required at angle
or deadend locations, based on guying calculations or application charts,
should also be indicated. Design check, line construction, and inspection
are facilitated if an enlarged guying arrangement, showing attachments
and leads in plan and elevation, is added on the plan-profile sheet adjacent
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to each guyed structure. Any special notes or large-scale diagrams
necessary to guide the construction should be inserted on the plan-profile
sheet. This is important at locations where changes in line design or
construction occur, such as a slack span adjacent to a substation, line
transposition, or change in transmission and underbuild circuits.

Drawing Check and Review. The completed plan-profile drawings should
be checked to ensure that:

o The line meets the design requirements and criteria originally
specified,

o Adequate clearances and computed limitations have been
maintained, and

o Required strength capacities have been satisfied.

The sheets should be checked for accuracy, completeness, and clarity.
Figure 10-7 is a Sample Check List for review of plan and profile sheets.
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Profile: Date:
Line: Voltage:
Plan and Profile Drawing Nos. Checked by:
Loadings
NESC District Ruling Span:

50 yr extreme wind(psf)
Extreme ice load (radial inches)

Conductor: Design Tension:
OHGW: Design Tension:
Underbuild: Design Tension:
Sheet Number
PLAN

Property Information

Swamps, Rivers, Lakes, etc.

R/W Data, Boundaries

Location of Buildings, Schools, etc.

Other Utilities

Obstructions, Hazards

Roads

Angles, P.1., Bearing of Centerline

PROFILE

Horizontal Span Length

Vertical Span Length

Type Structure

Pole Strength

Pole Height

Pole Foundation Stability

Crossarm Strength

Conductor Clearance:

To Ground or Side Hill

To Support and Guys

To Buildings

Crossing

Conductor Separation

Conductor Tension Limitations

Climbing or Working Space

Guy Tension

Guy Lead and Height

Anchors

Insulator Swing or Uplift

Tap Off, Switches, Substations

Underbuild

Code Requirements

FIGURE 10-7: SAMPLE CHECK LIST FOR REVIEW OF PLAN AND PROFILE
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LOADINGS AND LOAD FACTORS

General. The strength to be designed into a transmission line depends to a large
extent on wind and ice loads that may be imposed on the conductor, overhead

ground wire and supporting structure. These loadings are related generally to the
geographical location of the line.

When selecting appropriate design loads, the engineer should evaluate climatic
conditions, previous line operation experience and the importance of the line to
the system. Conservative load assumptions should be made for a transmission

line which is the only tie to important load centers.

The 2012 NESC indicates that structure and component strength should take into

account temporary loads. Temporary loads imposed on a structure or component

may include lifting of equipment, stringing operations, or a worker on a structure
or component. This design manual does not address temporary loads.

Loads.

1) NESC Loading Districts. The NESC divides the country into four

weather or loading districts, as shown in Figure 11-1.

f/

HAWAII -

£ ol

ALASKA- e
HEAVY iy N

LOADING
ZONE,

WARM ISLANDS

"”ﬁdiémbm
LOADING -

e
-

...............

T o

8

\’3\

FIGURE 11-1: NESC LOADING DISTRICTS

From IEEE C2-2012, National Electric Safety Code® (NESC®), Copyright IEEE 2012. All rights reserved.
The minimum design conditions associated with each loading district are given in Table 11-1. Constants in this
table are to be added to the vector resultant for tension calculations only.
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TABLE 11-1
ICE, WIND, TEMPERATURE, AND CONSTANTS
NESC Loading Design Radial Ice Wind Constants
Temp. | Thickness Loading (Ibs/ft)
(F°) (inches)
Heavy 0° 0.50 4 psf 0.30
Medium 15° 0.25 4 psf 0.20
Light 30° 0 9 psf 0.05
. . Warm Islands* o
Loading District (SL — 9,000ft) 50 0 9 psf 0.05
Warm Islands* o
(above 9,000ft) 15 0.25 4 psf 0.20
. o See
Extreme Wind 60 0 Figure 11-2 NA
. . o See Figure See Figure
Extreme Ice with Concurrent Wind 15 11-3 11-3 NA

*Based on altitude of American Samoa, Guam, Hawaii, Puerto Rico, Virgin Islands, and other
islands 0°-25° latitude, N or S

SL —Sea Level

)

©)

Designing to these minimum requirements may not be sufficient. Extreme
winds and special ice conditions should be investigated. Determination of
an appropriate design load to account for extreme winds is easier than
determining a heavy ice design load. Meteorological data may be
available on high winds, but little data is available on extreme ice loads.
Heavy ice combined with a relatively high wind should also be
considered.

Extreme Ice. In certain areas of the country heavy ice may be
predominant. The engineer should review the experience of utilities or
cooperatives in the area of the line concerning ice conditions. The number
and frequency of outages in the area due to ice storms, and the design
assumptions used for existing lines in the area should be examined. From
this data, the engineer can reasonably decide if a heavy ice condition
greater than what is required by the NESC needs to be included in the
design.

If historical data on icing conditions is lacking, the engineer should
consider designing the line for extreme wind conditions without ice, and
for loading zone conditions. The engineer would then calculate the
maximum ice load the structure could sustain without wind and evaluate
this specific ice condition.

Extreme Winds. Although the NESC requires that structures over 60 ft.
sustain high winds, Rural Utilities Programs recommends that all
transmission lines meet extreme wind requirements. Required values for
temperature and wind are listed in Table 11-1 and Figure 11-2. The NESC
allows linear interpolation when considering locations between isotachs.
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Local meteorological data should also be evaluated in determining

a design high wind speed.

Equations in Tables 250-2 and 250-3 of the NESC should be incorporated
in computer programs as part of the structure analysis. These equations
are included in the definitions for the variables in Equations 11-1 and 11-2
of this bulletin. Tables 11-2, 11-3, 11-4 and 11-5 provide calculated
values for the parameters in these equations.

Equation 11-1 should be used to calculate the load in the unit wind load on
a circular wire in pounds per linear foot.

p = 0.00256 * V2 * k, * Gge * d / 12 Eq. 11-1
(from 2012 NESC 250C)

p = unitload per unit foot, Ibs./ft.

V = Basic Wind Speed, 3 —second gust wind speed in miles
per hour at 33 ft. above ground with an annual
probability of .02 (50 year return period), Figure 11-2

k; = Velocity Pressure Exposure Coefficient, shown in
Table 11-2 or by the equation:
= 2.01(h/900)“** where h = height of the wire at
the structure and is between 33 feet and 900 feet

Gre = Gust Response Factor, shown i In Table 11-3 or by the
equation: Ggg = [l +(2.7Ew B, )]/k where
Evv 0.346 (33/h)""and
B = 1/(1+0.8L/220)
ky=1.43
h = he