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EXECUTIVE SUMMARY

This White Paperaddresseshe issuesbetween the reliability benefits of increasing the
separation bcircuits versus théncreased cosand potential landdisturbancenecessary
for increased gmaration distances for transmission lines in comeamidors.

The separation of circuits can be varied between the minietectricalsafety separation
distancesto beyond the height of the structure® transmission linesn common
corridor, i.e., fallng separation The costs of separating lines in a common corridor must
be weighed against the risk of these typical common outage incidents and the
consequences to the system if the outage were to.oElmwever,increasing separation
does not guarantaacreased reliability as there are still common outage events that can
occurevenif the separation is greater than the structure hesgluth adires, airplanes

etc The NERC Standards only require study of circuits on a common strutiEE€C
criteria haveperformance requirements for adjacent circuits in a corridtgnce, only

the WECC region hasthe added performance requirements faultiple circuits in a
corridor. These additional requirements in WECC could result in significant reduction in
path ratings and render the project uneconomical.

There is nb a universalsolution that carbe applied to everyevaluationof corridor
separaton, However, this White Paper describes the issues that are to be weighed
wherever evaluating theaddition of acircuit with existing circuits or new common
corridors;reliability versus costomparison foeachproject These issues are weighed in
the evduation but the relevancef particular issugneeds to be determined it applies

to the specific corridor beg evaluated,e., evaluations ar@one on a case by case basis.

General Conclusions

Separation May Not Measurably Improve System Reliability or Operational Limits

A way to insure that one circuit in a corridor cannot physically impact an adjacaunt ci

is to build it beyond the physical boundaries of the adjacent circuit. However, this adds
the cost of increased corridor costs. As the separation distance is increased from the
safety minimum, some potential outage cause probabilities are redudedever,
building circuits beyond the physical limit does not eliminate the common exposure to
some outage causes.

Separation Requires Additional Cost
The effort to minimize easement requirements is to minimize the cost to rate payers.

Separation ioreases easement width requirements and the total cost of easements for the
transmission line.



Increased Separation May Increase Land Use Restrictions

Transmission line easements create land use limitations on the underlying landéwner.
transmisn line easementtypically precludesany developmentdirectly under the
facilities; however, adjacent land uses sucbamsmercial oindustrialtypically are more
compatiblethan residential Residential uses are typically not as compatible with a
transnission line rightof-way for various concerns. Recreational trails have shared right
of-way with transmission lines due to existing access and open linear path.

Separation Limits Transmission Line Siting Opportunities

Separation would increase eammnt widths which may preclude and eliminate some
route opportunities. Increased separation may reduce opportunities in line siting options.

Separation Could Cause Creation of Additional Transmission Line Corridors

Because there angsually increasedoss associated with greater easement width when
paralleling an existing lie, the owner of the new line may haisancial motivation to
site new lines along new routes.

Separation Creates Additional Difficulties Siting Transmission Corridor across
Public Lands

Majority of federal and state agencies have adopted management guidelines within their
respective land management plans to consolidate linear infrastructure to the extent
possible. The siting of a transmission line across public land requikeésor@mental
analysis to comply with the guidelines adopted in the respective management plan.
Locating transmission lines outside of designated corridors may extend the permitting
schedule several years and require additional environmental analysis.



TASK FORCE MEMBERS

The SWAT Common CorridoiTask Force was developed out of members of SWAT
the summer of 200® discuss and write a White Paper about common corridor issues
The Missionof this Task Force was$o address andkstablish pringdles associated with

the determination of the separation distance of linear circuits that are in parallel in the
same corridor.

This White Paper was taddress and describe common corridor structure separation
issues; system reliability, EMF impacts, lande, aesthetics, potential increase with
severancefederal land issues, cost differences, WECC/NERC/FE&&hdards, best
practices and tradeffs.

The Task Force Members were
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Michael Vodai SRP
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Jaime Wood EPG

Baj Agrawali APS

Javi Munozi SRP

Ken Bagleyi Genesee Consulting
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Prem Bahi ACC

Doug Selini APS

The Task Force met once with presentations from all members of the sk dbout
the topicon whichthe member was deechéo be the expertThe presentations and the
messages of the presentations were converted into this document



POSITION OF STATE LAND DEPARTMENTS

In an effort to ascertain the position of regionatestand departments on the siting of
transmssion facilities, discussionsese held with representatives of the Arizona and

New Mexico state land departmentShrough these discussions it became apparent that

bot h statesbo respect similar pdsifionsd on dhe iing tome nt s
transmission facilities on state landrheir principal concern is with maximizing the

value of trust land.

Neither state has explicit princgsl which need to be followed when evaluating such
requestsAll requests to tilize state trust land, for the purpose of siting transmission
facilities, will be evaluated on a cabg-case basis Electric system reliability is not an
explicit concern when evaluating a request, but the implications of siting facilities on the
value of adjoining property is an explicit concerAs such preference was implied to
locating transmission facilities along the path of existing facilities or section lines

State Guide for Siting

This portion discusses state siting laws, regulatioand guidelines governing the
construction of transmission facilities in the U.$ransmission siting regulations were
researched to identify structure separation distance standards for parallel lines in a
common corridar Research was based on stateghin the Western Electricity
Coordinating Council including: Arizona, California, Colorado, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, and Wyoming

The following table outlines each osdngat ebs
the construction of transmission facilities; the citations covering transmission facility
siting regulation; and the certificate awarded to an applicant by the regulatory authority
that permits construction.

State Regulatory Authority Regulatory Citations Certificate
Allowing
Construction
Arizona Arizona Corporation Arizona Revised Statutes40 | Certificate of
Commission; Power 360 Environmental
Plant and Transmission Compatibility

Line Siting Committee

California California Public Utility | California Public Utility Code | Certificate of Public
Commission Section 80263038; General Convenience and
Order No 13eD Need; Lines under
200 kV require a
Permit to Construct

California California Energy California Punlic Resources | Application for
Commission; Energy | Code Section 253685324 Certification
Facilities Siting
Division




Colorado

Colorado Public
Utilities Commission

Colorado Revised Statutes-4(
2-126; 4 Code of Colorado
Regulations 723

Certificate of Public
Convenience and
Necessity

Idaho Idaho Publc Utilities Idaho Code Chapter 61 Certificate of
Commission Sections 52628 Convenience and
Necessity
Montana Montana Department ol Montana Major Facility Siting | Certificate of
Environmental Quality | Act, 7520-101 et segMCA Environmental
(DEQ) Compatbility
Nevada Public Utilities Utility Environmental Utility
Commission of Nevada| Protection Act state statute | Environmenth
Reviewed by the 704.820704.900 and/or Protection Act
Department of Nevada Administrative Code | Permit
Conservation and 703.415703.427
Natural Resources
New Mexico | New MexicoPublic New Mexico Statutes and Certificate of
RegulationCommission | Court Rules Chapter 62 Convenience and
Necessity
Oregon Oregon Energy Facility| Siting requirements: ORS Site Certificate
Siting Council 469.320; ConditionORS
469.401, 469.442; Standards:
ORS 469.490, 469.501; EFSC
Rules: ORS Chapter 345,
Division 1-29
Utah Public Service Utah Codéd Statutes Title 54 | Certificate of
Commission of Utah Convenience and
Necessity
Washington | Washington Energy Energy Facilities Site Location Site Certification
Facility Site Evaluation | Chapter 80.50 of the Revised| Agreement
Council Code of Washington
Wyoming Wyoming Public Wyoming Public Service Certificate of Public

Service Commission;
Department of Quality
has siting jurisdiction
over lines built by any
entity other than a

public utility

Commission Title 37 PSC
Rules 202, 204, 205

Convenience and
Necessity

Review of the regulatory citations for each of these states confirmed there are no
guidelines specifyig separation distances between transmission facilities in a common
corridor for Arizona, California, Colorado, Montana, Nevada, New Mexico, Oregon,
Utah, Washington, or WyomingThese results were further confirmed by speaking with

representatives from el of the public utilities or designated siting authorifyhere was

a general consensus that engineering judgment and electrical construction codes will

determine structure separation distances for parallel lines in a common corridor

The Idaho Pubti Utilities Commission detailed construction standards in the ldaho Code

Title 61, Chapter 17 (61 7 0 6)

t h Bach tsmnsmitting utjlity \Will construct,
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install, operate, and maintain its transmission facility in compliance with the current
edition of the National Electrical Safety Code published by the Institute of Electrical and
Electronics Engineers.

Sources

StatelLevel Electric Transmission Line Siting Regulation Directory: Edison Electric
Institute: Prepared by Resource Strategies, Inc.

Washngton Energy Facility Site Evaluation Council
http://efsec.wa.gov/lawrule.shtml

Oregon State Website
http://oregon.gov/ENERGY/SITING/index.shtm|

Oregon Revised Statutes
http://www.leg.state.or.us/ors/469.html

Montana Department of Environmental Quality
http://deqg.mt.gov/MFS/index.asp

Montana Code Annotated
http://data.opi.state.mt.us/bills/mca/75/2025101.htm

Wyoming Public Service Commission
http://psc.state.wy.us/htdocs/electric_new.htm

Idaho Public Utilities Commission
www.puc.state.id.us

Idaho Code Chapter 17, Title 61 {6706)
http://lwww3.state.id.us/cgiin/newidst?sctid=610050038.K

Arizona Corporation Commission
www.azcc.gov/

Arizona Revised Statutes
www.azleg.state.az.us/ArizonaRevisedStatutes.asp

California Energy Commission
www.energy.ca.gov/

California Public Utility Commission
www.cpuc.ca.gov/puc/

California Public Resource Code and Public Utilities Code
www.leginfo.ca.gov/calaw.html

Colorado Public Utilities Commission
www.dora.state.co.us/PUC/

Colorado Revised Statutes
www.state.co.us/gov_dir/leg_dir/olls/colorado_revised_statutes.htm

New Mexico Public Regulatory Commission
www.nmprc.state.nm.us/

New Mexico Statutes and Court Rules
www.conwaygreene.com/NewMexico.htm

Public Utilities Commission of Nevada
http://pucwebl mte.nv.us/pucn/PUCHome.aspx



Nevada Revised Statutes
www.leg.state.nv.us/lawl.cfm

Nevada Administrative Code
www.leg.state.nv.us/NAC/NAC03.html

Public Service Commission of Utah
www.psc.utah.gov/index.html

Utah Code Public Utility
http://lwww.le.stag.ut.us/~code/TITLES4/TITLE54.htm

Utah Division of Public Utilities
http://publicutilities.utah.gov/utilitylaws.html



PERMITTING AND CONST RUCTION IMPLICATIONS ON FEDERAL LANDS

Siting of a high voltage (HV) or extisigh voltage (EHV) transmission linerass the
Western states could cross several hundred miles of lands managed privately, by the
state, and/or federal government, each with its own set of rules and procedures for
granting rightsof-way. The federal land management plans typically desigotligy
corridors, or in some cases exclusion or avoidance areas where development (e.g.,
overhead transmission lines) cannot occiManagement plans typically identify the
width of the utility corridor and may specify the type of utility allowed withioorridor

(e.g., overhead transmission line versus an underground pipelin@grmitting
requirements are subject to regional or-sfiecific agency procedures

There are several areas where potential jurisdictional constraints such as crossing Indian
reservations, national monuments, national forests, national recreation arease etc

present These jurisdictional constraints present potential issues and may limit the ability

to connect areas of major energy sources with major load cerAgence s 6 (feder al |
state, and local) utility corridors vary in width from several hundred feet to over 5 miles,

and length may be influenced by physical planning boundaries, land uses, and
environmental resources present in a given.afdzese widths may allowhe siting of

utility lines in existing corridors to avoid environmentally sensitive areas, jurisdictional
constraints, and meet WECC criteria for separation of.lines

If a utility proposes to construct and operate a transmission line on federallgedana
lands outside of the designated corridor, the proponent may be required to amend the
adopted management planExisting transmission lines located on federal, state, or
private land generally presents options immediately adjacent to the facilityetarsit
additional transmission line The ability to share rightf-way and access roads
minimizes potential environmental impact, and has been identified as opportunity areas in
past transmission line siting projects throughout the western United.States

Potential environmental impacts to siting transmiséiioes in separate corridors require
each project to be evaluated independently addition, each project auld include
analysis of cumulative effects for all past, present, and future projdusgermitting

risk is dependent upon the level of potential environmental impact for siting the
transmission line. Each project area may have different jurisdictions with various
policies or regulations, environmental resource concerns, or linear featbmsdered
opportunities throughout the area. Therefore, potential environmental impacts for
separation of corridorsannot bespecificallyaddressed in this White Papér.general,

the potential forincreasedenvironmental impactsesulting from corridor g®aration
would likely occur to environmental resources including, but not limited to, visual, land
use, biology, cultural, socioeconomics, ekor example, arridor separatiorouldresult

in increased disturbance fromew access roadsnd couldpotentidly locate a new
corridor near populated areas or dispersed residemaessing environmental impacts
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The intent of this section of the White Paper is to discuss the potential permitting and
construction implications of increased separation distart@den new and/or existing
HV/EHV transmission lines.

Department of Energy Final Programmatic Environmental Impact Statement

The purpose of the Final Programmatic Environmental Impact Statement (PEIS) is to
implement Section 368 of the Energy Policy A6t2005 The Final PEIS designates
corridors for the preferred location of linear facilities in agency land use and resource
management plans on federal lanéowever,Section 368 does not require the agencies
to consider or approve specific projectgght-of-way applications, or other permits
within designated energy corridord’he corridor widths in the Final PEIS range from
200 feet to 5.5 miles, depending on federal agency and adopted managemeiitglan
Final PEIS does not provide guidelines $ging transmission lines

WECC Separation Criteria

The separation criteria is being driven by WECC in the process of developing a new
deterministic criterion for adjacent transmission lines to be considered as independent for
rating purposesTheadopted WECC separation criteria applied for current and for future
HV/EHV transmission lines may be as much as 500 feet or one span distance, whichever
is greater Many utility system planners have identified typical HV/EHV transmission
line spans rangg between 800 feet up to 1,800 feet (average of 1,500 feet) with a right
of-way width of 175 feet up to 300 feeFor example, transmission lines riglafsway

(up to 300 feet in width) would be required to have a distance of 1,500 feet separation

Transmission Line Siting and Sepmtion

Agencies and environmental communities agree that one of the most effective ways to

reduce environmental impacts can be through consolidation of facilities and/or placement

of facilities in proximity to one anotherfSome of the advantages can include (1) the use

of Acommon accessodo resulting in reduced | ev
facilities within an area that has been previously modified (reduced impacts on habitat
[fragmentation], existing and piaed land use, visual resources, etc.) and (3) potential
cumulative effects This could affect the level of NEPA analysis required, and whether

or not an amend mase plang vouldabg equired, dahbof Wwhiahnhdve
implications on schedulend costs (e.g., approval, appeals, etc.).

On private lands, utilities in existing rightd-way can be considered an opportunity area

for future transmission lines However, when separation such as up to 1,800 feet is
established, the opportunities agsted in proximity to the existing line(s) may not be
present Examples of these conditions can include areas used for agricultural purposes
(e.g., farmland) and developed areas where offsetting the new line can increase the effect

11



on environmental contions and, consequently, public oppositionin addition,
perceptions often are influenced by other existing corridors that are seen as examples
For instance, in Arizona there are numerous transmission lines in proximity to one
another in corridors lead into the Phoenix area (e.g., Mead to Phoenix, south of Page,
south of Tucson) that are highly visible to the publiedividuals in both developed and

rural settings have and will continue to identify these examples and question the need for
additionalseparation between transmission lines.

Federal Land Policy Management Act of 1976 (FLPMA) Sectio®03

By virtue of the almost onkalf billion acres of public and forest lands that it governs,

the FLPMA is the most significant of the laws authoriziegleral agencies to grant

easements and other rigltbway. FLPMA requires that each rigitf-way grant contain

terms and conditions that will, among ot her
esthetic values and fish and wildlife habitat and otherwiseo t e c t the enviro
Congress addressed the issue of rigitaay utility corridors in Section 503 of the

FLPMA. Section 503 states that the Secretary of the Interior shall designate corridors to
minimize adverse environmental impacts and the Ortig213 requires BLM to

emphasize rightsf-way planning and corridor designationhe overall objective is to

continue to make federally administered lands available for needed-oightsy where

consistent with national, state, and local plans, and assemon rightsof-way to

minimize environmental impacts and proliferation of separate rgjgy.

FLPMA further states that to the extent possible and with consideration of safety
conditions, it is required that use of riglasway are to be commonnd use of
designated corridors for new righaé-way. A designated corridor is a preferred location
for the placement of rightsf-way.

Section 368 of the Energy Policy Act of 2005 requires the federal land agencies to
anticipate and plan for the engrgpfrastructure needs of the natio8ection 368 is based

on FLPMA Section 503 and designed to encourage closer cooperation among federal
jurisdictions involved in the siting of linear energy facilities to identify appropriate
corridors that could be aNable for siting energy facilities and be consistent with the
management priorities established for the affected federal.lafitsng transmission
facilities across federal lands is among the most difficult siting challenges fades

need to cross parcel of federal land entails an established process that generally requires
a lengthy timeframe

Potential Scenarios Resulting from Implementation of WECC Separation Criteria

There are three scenarios that could potentially occur as a resultedsed separation
distances based upon WECC separation critefiae separation criteria would apply to
existing and proposed HV/EHV transmission lind$ie scenarios are described below.

12



The first scenario is likely the most restrictive, with consitienafor constructing new
transmission lines in corridors with existing transmission linkdgere are likely very few
corridors containing one or more existing transmission lines that would allow
construction of proposed transmission lines, while maimgira separation distance
average of 1,500 feet between rigbtsvay.

In the second scenario, two proposed transmission lines could be separated from each
other using geographically unique corridors paralleling existing transmission lines
Although theconditions described for the first scenario could apply, it is potentially more
feasible to construct a single proposed transmission line adjacent to an existing
transmission line, while maintaining a separation distance average of 1,500 feet between
rights-of-way.

The third scenario would result in the construction of proposed transmission lines in
entirely new corridors for the whole length of the prajethe proposed transmission
lines could be collocated or in geographically unique corriddtss senario would be

very difficult to permit due to jurisdictional approvals, management plans
directives/restrictions, public opposition, and environmental constraints (e.g., land use,
biology, cultural, and visual resources)

Section Summary

If the inaeased separation distance pushes a proposed transmission line outside of a
designated federal utility corridor, this would require a management plan amendment,
thus increasing the permitting risksThis is due to additional environmental impacts
resultig from new construction (e.g., access roads, structure clearing, and staging areas)
predominantly beyond areas previously disturbed for existing projé@ttis would be a
primary concern throughout federal lands, especially those managed by the Bureau of
Land Management and Forest Serviddowever,it is important to note that this could

also have an effect on state, municipal, and private lands as well since those agencies
typically share similar concern for planning resources for lands they own/manage.

In combination with the separation, requirements or preferences for placement of
facilities (e.g., transmission line on one side or another of an existing line, and substation
locations in relation to the transmission lines being sited) may further aoniste ability

to site the facilities in ways that are compatible with existing physical conditions (terrain
and other features) and in coordination with agency-lesadplans.

Given the potential consequences of this separation, justification anddefeation of

the need for and the extent of separation will be critical during the siting and permitting
of future HV/EHV transmission lines.
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CONSIDERATIONS IN SELECTING WIDTH OF TRANSMISSION LINE
EASEMENTS

The following is a brief summary of the caderations in determining the width of a
transmission line easemenfThe width of the easement is influenced by the type of
structure, the arrangements of the electrical conductors (wires) on the structure, the types
of insulators used to attach the withstance between transmission structures and the
space requigkto construct and maintain the line.

Structure Framing

The arrangement of the electric conductors on a structure (framing) selected for a given
structure or line is dependent upon sevematdrs including; cost, limitation in available
easement width, the number of circuits, clearance requirements, structural capacity and
aesthetics

Single Circuit Framing Configuration

Single circuit structures are typically framed vertically, in etal configuration, or
horizontally and increase in width respectively

FIGURE 1i Single Circuit Structures
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Note that this deption is schematic Insulators can vary from Post, braced posts
(horizontal vee), Suspension insulator strings on arms or Vee strings.

The horizontal framing configuration will be around four times the width of a vertically
framed structure using insutaitpost framing If the vertically framed pole is configured
with arms and suspension insulators (or V strings), the difference in width is reduced
slightly (horizontally framed structure will be ~3.5 W)

Double Circuit Framing Configuration

Generaly, two circuits of similar voltage will be framed vertically in a side by side
configuration If there is a large difference in voltage levels between the two circuits, the
lower voltage may be framed entirely below the circuit of greater voltage asshow
below.

FIGURE 2i Double Circuit Framing

—o 10
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P
oHHHH HHiHe H-o —HHH-o
oHHHH
o HHH-o —HHH-e —HHH-e
o I e
[ e
[
Double Circuit Double Circuit Delta Double Circuit Vertical
Vertical Framing Framing Underbuilt Framing Underbuilt

Horizontal framing on double circuit structures is not comm®herefore, variation in
width amongst double circuit structures is less than that of single circuit structures.

Triple and Quad Circuit Structures
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When thenumber ofcircuits on a structure is three or more, typically there are one or two
larger circuts on the upper portion of the pole with one or two circuits framed in the
underbuilt position.

Insulators

The insulator is the neconducting structural element that attaches the conductor to a
structure Insulators may be attached to a structuresemeral configurations which
either restrict or permit the movement of the conductor attachment point relative to the
structure Rigidly mounted insulators such a Post or Braced Post will not permit the
movement of the conductor attachment whileSwings allow small amounts and
Suspension Insulators permit free motion as shown below

FIGURE 3i Insulator Swing

[ |0 [ 1© ]
AN
\\ ——————1
e i?l 583&
AN —_—>
AN W
\
AN E
AN
N W i
Post or Braced Post V-Strings Suspension
No insulator swing Very slight insulator swing Very large Insulator swig

The greater the range of motion in the swing of an insulator under high wind conditions,
the greatethe requiredvidth of a transmission line easement.
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Sag and Blowout

A conductor suspended between two structures forms a catenary (a mathemadeal sha
This complex mathematical shape is often simplified to a parabola so that parabolic
equations may be used to estimate the position and shape the conductor forms.

The amount the conductor droops down belowaberageheight of the two ends of its
support is called SAG The amount of sag is dependent on the distance (span) between
supports, weight of the wire and the tension at which the conductor is instefigdte
conductors are made up of aluminum, a material which expands and contracts with
temperature, sag is also highly dependent on the temperature of the conductor

FIGURE4T Sag

SAG = SPAN?* Weight/Ft
8 * Tension

I CLEARANCE

SPAN

Sag is a function of the square of the span (modeled by a parabolic equation)
parabolic shpe has sides that slope at an increasing rate at greater distance from the
center Therefore, as the span increases, pole heights increase at a greater rate at greater
distances from the center of the sp&wole heights will increase at the rate of @hnce

+ SAG ] for any span.

Note in the equation that sag is a function of the square of the Jpaarefore, as the
conductor span increases, sag increases at a much greateCoaiductor sag may be
reduced by increasing tensioHowever, the higherthe tension, the stronger (more
expensive) the support structures resisting that tensiime National Electric Safety

Code limits tensions of conductors to insure adequate strength margins exist at
temperature and wind extreme#\nother negative aspecf high tension is vibration

control; the tighter the wire, the more it vibrates in windibration can lead to breaking

of the strands in the wire and eventually failure of the cond\®éteen wind blows
transversely (perpendicularly to the span), tbencd uct or wi || defl ect

17



When viewed from above, the shape of blowout is similar to the shape of the sag and
increases with the velocity of the wind

FIGURES - Blowout

Blowout =

Sin Tan © Dia x Force * SAG

12 Wgt/ Ft

Blowout is directly proportional to the sag of the conductor andvihd pressure The
longer the span, the greater the sag and the greater the resulting blow out

Determining Total Easement Width for Blow Out

As discussed, the elements making up the width of a transmissioeds®ment are
structure configuratigrinsulatorand conductor movement due to wind (the magnitude of
which is influenced by span) and the electrical clearance required at the edges of the
easement for safetyWhen combining all those elements, the calculation of the easement
width will be asum of the component parts:

18



FIGURE 6T Easement Width

7

EASEMENT WIDTH (WIND) = PA+B+C]
3 \

A\

EDGE _OF R/W
EDGE OF R/W

N.ESCHori zont al Cl ear a®0l) to Buil dings |
Conductor Blowout due to wind (includes insulator swang deflection of

the dructureg
C = Distance from center of structure to outer conductor
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Shared Easements between Parallel Transmission Lines

When parall el transmission |ines occupy a ¢
blow out space in the area between the linEkis sharing of space is possible because
the wind deflects the wires together in the same direction.

For exampleLINE A, a double circui230 kV transmission line might normally occupy

a 100ft wide easement with the structures centered in the. 180ften LINE B is
constructed adjacent to LINE A, the combi nec¢
1006 because the space between the | ines ma
spans and adjacent structurés the wind blows, the wires on eachdiwill be deflected

in the same directionThe pressure of the wind would not allow the wires to swing in

one direction on one line and in the opposite direction on the. ofhleerefore, the wires

of one | ine may <c¢r ossovftheadacentlinehareo the bl o

FIGURE 71 Common Corridor

LINE A LINE B

B §H ﬁ -

Wires shown in the wind

v

deflected positions ~800
LI NE A —> LI NE B !
SHARED
EASEMENT BLOWOUT EASEMENT

NOTE: All dimensions shown are approximate and for demonstration purposes only
EC = Electrical Clearance

IMPORTANT NOTE: Other requirements for easement width may prevennghaf
space between transmission line§his example only discusses space required for
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blowout Other factors such as clearances required for maintenance of the line may
demand greater distances between adjacent transmission lines.

Easement Width Reqiirements for Maintenance

Maintenance activities on transmission line structures typically require the use of cranes
and high reach bucket trucksTo accommodate the use of this equipment, easements
must be sized to allow for their operation at a sastadce from the transmission line

It may be extremely difficult or expensive to get an electrical outage on a transmission

line; therefore, work is often done in the presence of energized lines, commonly referred

to as Alive | i ne impcleardnees Eweee thedenergized avifeeandw o r k
the cranes or bucket trucks must be maintain®dorking clearances are established by

the NESC and OSHAThe operating space required will be a function of the line voltage

and the operational range of thgugoment.

Figure 8 illustrates an example of the dimensional requirements considered from working

on an energized line with a highach manlift This illustration assumes a parallel circuit
adjacent to line; electrical clearance must be watch on kel ef the man lift.
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FIGURE 81 Manlift Reach Requirements
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Total Cost Optimization Using Easement Width
The major cost components of a transmission line are:

Easement Acquisition Easements are purchased for the right to construct and maintain
thetransmission line The easement has stringent limitations on how the land owner may
use the underlying land and therefore, the cost of acquisition approaches the salable value
of the land

In areas of high land value (urban areas), easement may exd#e0C0ELper acte In

rural and desert areas, values are currently $30,000 to $40,000 pefFacr@500 kV
transmission line in a 130 feet wide easement, in an area with an average of $50,000 per
acre, easement costs would be $790,000 per mile

Conducta: Selection of the conductor is outside of the topic of easement width and will
not be discussd
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Structures and Foundations:The cost of steel structures is relatively straightforward; as
it may be estimated on a cost per pound basiattice towersare made up of hot rolled
shapes and have a current cost of approximately $1.30 per.polapmkred tubular steel
poles are custom fabricated shapes and currently cost $2.20 per pdimedweight of

the structures supporting a similar load is relayisemilar with steel poles being slightly
heavier than an equivalent lattice tower

However,foundation costs for steel poles are significantly higheattice towers require

four si nppulel of pfuossuhndat i ons t o r elwinespénsiveer t i c al
Steel poles require larger diameter piers heavily reinforced to resist overturning

single steel pole foundation may cost 2 to 5 times more than the four foundations
required for an equivalent lattice tower.

Optimization The goalin transmission line design is to optimize the total installed cost:
Total installed cost = $SLAND + SMATERIALS + $SCONSTRUCTION

Cost trends may be illustrated by looking at relative changes in easement witliks
comparison assumes that the easemedthwis fully utilized for conductor blowout
(narrow easements = shopiaas, wider easements = greater spans

Narrow Easement: Land costs are relatively low with the narrow easemedbwever,
easement width restricts the allowable conductor blowoguirieg shorter spans and
more structures Structures are closely spaced and not utilized very well due to short
spans Structures have a basic minimum height to provide the electrical clearances
Construction costs are relatively high because theremare structures per mile and
more wire attachments to construdtotal cost is relatively high.

Medium width EasementAs easement gets wider, land costs increas®wever,with

the wider easement, the allowable conductor blowout may incesaspoles may be

spaced further apartWith the increasing spans, pole heights increase shiglgtly (wire

is shaped like a parabola and in medium spans, the rate of increase in sag does not
increase significantly) due to the shape of the wire catenary, sallpwstructure and
foundations cost decreas€onstruction costs decrease because of fewer pole and few
wire connections per mile Total cost idower than the narrow easemertst

Wide EasemenWidth: The wider the easement, the greater the |lastl &Vith a wider
easement, thie is more spaceoff the conductor tdlow outand polesmay be spaced
further apart As the spans increase, the pole heights have to increase significantly (larger
spans are further from the center of the wire paraboldrenchte of sag starts to increase

at a greater rate) Pole weights increase significantly along with the foundation. cost
Construction cost increase due to the very large structure weights and heights and large
foundation piers Total cost is relatigly high
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EFFECT OF SPAN DISTANCE ON RELATIVE HEIGHT OF POLES

Short Span ——»

Med. Span

v

Long Span «

v

The cost variables in the discussion above may be easily quantffigdtted, total costs
based on span (a function of easement width due to blowout) is illustrated by Figure 9
From this curve, the optimum easent width and average span may be determifédb

will result in the lowest possible cost of the transmission line.
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FIGURE9T Optimum Cost Curve
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STRUCTURAL DESIGN OF TRANSMISSION LINE ST RUCTURES

The basic function of a transmission line stroetis to hold wires up in the ailWhile

this seems like a relatively simple concept, different forces imposed on the structure can
be complex due to widely varying environmental conditioMgind forces act on the

wires and structures, aluminum wires agbject to wide ranges of tension due to change

in temperature and conductor creep (stretching) and in some parts of the country, ice and
snow may buildup on the wires creating tremendous weight loads.

The various potential combinations of forces are kre n down i nt.cA ALO
0l oaddé is the set of f or Alea casenigpaalsfieed seboh t
environmental conditions (including the age of the wire) to establish a set of forces
imposed on the wires and structuré®ad cases may also consider special situations that
only occur during construction of the transmission.lif@her load cases may consider
extreme conditions such as when one of the wires breaks which changkmsadhe
configuration on a structure

ad
he

Defining Loads on Transmission Lines

Load Casemay be defined ithree primary categories:

a) Statutory Loadd Loads based on weather conditions; various combinations of
Temperature, Wind and Ic& hese loads are defined in a regulatory standard.

b) Safety Load$ Unbalanced load combinations to improve the structural reliability
of individual structures and the integrity of the transmission line in general.

c) Maintenance and Construction LoadsLoad configurations that occur only
during construction and maintenanck the transmission line Emphasis on
safety for workers on structures during construction.

Statutory loads are the only types of loads used industry wide with specific definitions on

how loads are applied to wires and structur&afety and Constrtion loads are defined
and used at the prerogative of the transmission line owner/designer.

Statutory Loads

Statutory Loads are typically required by the governing jurisdictidiost states use the
National Electric Safety Code (NESC) by referen€&alifornia has developed its own
code in lieu of the NESC.

Section 25 of the NESC defines loads applied to wires and structures that are weather
related loads Weather related loads can be two types:

Deterministic Loads Weather related loads that havaues that were established based
on experience NESC Rule 250B and the Light, Medium and Heavy Load District load
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are deterministic loadsFigure D is the excerpt from the NESC defining Rule 250B
loads Note the three combinations of wind speed apdhickness on wires for the three
load districts.

Reliability Based Loads Weather related loads based on statistical analysis of recorded

weather data American Society of Civil Engineers Standard. N6 A Mi ni mum Desi g
Loads for Buildings and OthetSr uct ur eso provides the source
loads established in NESC Rule 250 C Extreme Wind and Rule 250D Extreme Winds

and Ice Wind speeds and ice thickness are quantified based on a 50 year Return Period;

there is a 1 in 50 probabiliity any year that the wind or ice will exceed that magnitude

Figure 11is the excerpt from NESC showing the wind map for Rule 250 C.
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FIGURE 10 - Map for NESC Rule 250B

HAWAL - LIGHT
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Fig 250-1
General Loading Map of United States
with Respect to Loading of Overhead Lines

Table 250-1

Ice, Wind, and Temperature

T Loading districts (For use with Rule 250B)

Heavy

Medium

Light

Extreme wind loading
(For use with Rule
2500)

Radial thickness of ice
(mm)

12.5

6.5

(Pa)

Temperature

O

Horizontal wind pressure

190

190

430

See Fig 250-2
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FIGURE 11 - Maps for NESC Rule 250C

Safety Loads

Safety related lad cases are designed to prevent catastrophic or cascading structure
failures in a transmission lineThere are historical examples of transmission lines that
were designed with only marginal longitudinal load resistangefailure of a single
structurecaused a cascading failure which brought down many miles of structByes
considering loads that might occur when some wires are not intact, structures may be
designed to resist unusual load configurations that occur during atypical .events
Examples okafety related load cases are:

Broken Conductors: When a wire breaks in a span, the structure no longer has
balanced tensions atpoint where the wire is attached to the structurbe structure

now has to resist the full tension of the wire in onedtiioa. This is a large load for

a structure designed primarily to hold up the wire and resist wind loads only.

Broken Insulator: When a suspension insulator string breaks and the wire remains
intact, the adjoining two structures now have to carry the wegthe wire This
additional load can sometimes double the weight load and create an unbalanced
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