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| NTRODUCTI ON: The increasi ng demand for power, coupled with the difficulty in
aining new rights-of-way, dictates that the feasibility of upgrading the capacity
an existing line be considered. |In upgrading the capacity of a line, the possible
ions include installing a |larger conductor on existing structures, increasing the
srating voltage, increasing operating tenperature, increasing the reliability, or a
1bi nati on of above.

general, environmental problens will be less in upgrading an existing |ine than
aining right-of-way for a new facility; however, upgrading is not necessarily the
‘rect or only solution for increasing demand or inproving reliability.

> primary purpose of this guide is to furnish engineering information for use in
yradi ng standard RUS wood pol e type transmssion lines in the 46 kV to 230 kV

1ge. This publication is not intended to supersede RUS Bulletin

24E- 200, "Design Manual for H gh Vol tage Transm ssion Lines,"

any part thereof, for design of newtransmssion facilities; however, it does

vi de gui dance and certain special design criteria for upgrading existing |ines

| e mai ntai ni ng RUS-NESC

ide B construction for transmssion lines. Mich of the infornation in this guide
letinis also pertinent when upgrading a steel or concrete pole transmssion |ine.

> borrower and its engineer are responsible to fully investigate the feasibility of
upgradi ng project based on system|l oad requirenments, sound design practices,
nom cs of construction, operation, and environnmental considerations.

CONSI DERATI ONS TO BE MADE I N LI NE UPGRADI NG Practically every power system has
ind itself in the position of needing to upgrade a critical transmssion line to a
jher power transfer capability or inproved reliability. Once this need has been
sogni zed, one alternative to be considered is whether or not an existing |ine can
nodi fied to neet new systemrequirenents. In many cases, the existing |line can be
yraded; however, a hasty decision may result in an expensive tenporary solution to
system | oad problemthat mght require | ong-termsol utions.

ary transmssion |ine upgradi ng shoul d be eval uated for adherence to system
iability and planning criteria. The prime tool in performng this type of
lluation is a system| oad-fl ow st udy.

addition, some basic anal ysis can be done using the RUS bulletin on "E ectrical

wracteristics of RUS Alternating Qurrent Transm ssion Line Designs.” This
dlication provides a means for hand cal cul ations of individual transmssion |ine
‘formance paraneters and approxi mati ons of power transm ssion capabilities, line

tage drop, and power | osses.

duct or anpacity can be determned fromvarious sources, such as conductor
wfacturers, EPR research, the February 1959, |EEE paper titled "Qurrent Carrying
acity of ACSR' by H E House and P. D. Tuttle, |EEE Standard 738-1993, |EEE
indard for Calculating the Qurrent Tenperature of Bare Overhead Conductors (1SBN 1-
)37-338-5) and the Al um num Conduct or Handbook by the A um num Associ ation. Each
ity wll have to define its nmaximumoperating limts given anbi ent tenperatures

1 wind conditions.
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ng one or nore of the types of anal yses described above, certain essential
‘ameters of the proposed upgraded or converted transm ssion |ine should be defined,
rel y:

per ati ng vol t age.

Li ne current.

Proposed conduct or si ze.

Maxi mum oper at i ng conduct or tenperat ure.

[eNelNoNeo)

er paraneters nay al so be established but these four are essential for the
insm ssi on |ine anal ysis.

ole 2-1 provides a list of mni numrecomended conductor sizes for various
xrating vol t ages.

TABLE 2-1
RUS Recommended M ni mrum Conductor Sizes(1)
kVLL ACSR AAAGC- 6201
34.5 1/0 123. 3 kcm
46 2/ 0 155. 4 kcm
69 3/0 195.7 kcm
115 266.8 kcm | 312.8 kcm
138 336.4 kcm | 394.5 kcm
161 397.5 kcm | 465. 4 kcm
230 795  kcm | 927.2 kcm

The above m ni num si zes are based on nechanical, corona and radio interference
considerations. Larger conductors nmay very often be required because of the
econom cs of power |osses and other factors.

or to an upgrade, an environmental review of the project is required in accordance
h 7 CFR Part 1794, RUS Environnmental Policies and Procedures. Concerns on

actric and Magnetic Fields (EMF), clearance limtations due to airport approaches,

i ncreased audi bl e noi se in sensitive nei ghborhoods will have to be addressed.

> borrower should investigate the existing electrical denmand on the proposed

insm ssion line to be upgraded. D scussions should be held with the construction
1 operation personnel on the duration, schedule conflicts, and l[imtations of an
age. (Qutage duration and schedul e coul d i npact the design and construction
juence of the |ine upgrade.

STEPS REQUI RED FOR LI NE UPGRADE

L dearances: The analysis of structure upgradi ng assunmes conformty to the
actrical clearances recormended by RUS Bul l etin 1724E-200. Were the bulletinis
ent on clearances, the National E ectrical Safety Code (NESC) or |ocal code, if
‘e stringent, is to be utilized. If the local code is nore stringent than RUS
letin 1724E-200, then that code shoul d be fol | owned.
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> |atest edition of the NESC should be referred to for emergency and standard
rrating installations. Maxi mumoperating tenperature can be based on long term
rrating conditions. Rules 230A2a and 230A2b of the NESC are referred to concerni ng
argency installations

> engi neer shoul d conpare original design clearances and operating tenperatures

h current NESC requirenments and RUS recommendations in Bulletin 1724E-200. Since
5C and RUS cl earances have been redefined over the years, it nay be possible to now
srate an existing line at higher tenperatures due to redefined cl earance

juirenents. Also, older |lines may have been designed for ice | oadings and nay have
litional capacity available at high operating tenperatures.

> Right-of-Way Wdth: One of the nost inportant electrical clearance requirenments
sonet 1 nes overlooked 1 n procuring of right-of-way easenents for transm ssion
1es. The width of the right-of-way depends upon many factors, such as:

Structure configuration (phase spacing).
Conduct or size and wei ght.

Structure span | ength.

Amount of conductor sag.

Anmount of conductor bl ow out.

per ati ng vol t age.

El evation (MBL).

of these factors shoul d be considered before a transmssion line is upgraded or
werted. In the case of item"e" above, RUS Bulletin 1724E-200 di scusses conduct or
w out and RONw dt hs based on bl ow out cal cul ati ons.

> foll ow ng nomnal right-of-way w dths have been generally proven to be
isfactory and, in nost instances, provide sufficient clearance for a fallen
‘ucture to remain within the right-of-way.
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Nom nal Line RON W dt h RON W dt h
(kV) (Met ers) (Feet)
69 23- 30 75- 100
115 23- 38 75- 125
138 30- 46 100- 150
161 30- 46 100- 150
230 46- 61 150- 200

3 R ght-of-Way Easenents: Easenents and permts should be reviewed to determne

/ | anguage that prohibits increased sag or anpacity across the described |and. For

inpl e, a river crossing nay require revision of an existing Arny Corps of Engi neers

)ssing permt. Easenents may have | anguage that greatly restrict the use of the

jht -of -way. It should be noted that a borrower may have owned and operated a 69 kV

insmssion line wthin a 30.5m (100 ft.) easenent for the past several years and
this same 30.5m (100 ft.) easenment will not be sufficient for operating at a

jher voltage. The following list is provided to assist the borrower and engi neer

f oreseei ng sone of the common probl ens of reusing existing right-of-way.

Sone easenents may have restricted structure |ocations and/or |ine configuration.
Thus in sone localities, any change in the configuration or rel ocation of
i ndividual structures may require renegotiati ng the easenent.

The centerline of construction does not always correspond to the centerline of
t he easenent.

Sone easenents do not specify the right-of-way width. In these instances, |egal
counsel will be required to determne the right-of-way status for upgrading the
l'ine.

"Per mranent easenents" shoul d not be confused with "easenments for construction."”
Sone easenents limt the wire size and |ine voltage.
Encroachnents nmay conflict with a |ine upgradi ng.

0 Buildings constructed on or near the right-of-way of the line may be | ocated
such that horizontal and vertical clearances for an upgraded |ine cannot be
nmet. In many instances, once the permanent facility is built within the
easenent or RONand "Code (O earance” to the line is conplied with, the
borrower cannot force the owner to nove the facility.

o Ponds or | akes nmay have been created or expanded.
o0 New roads and/or driveways nay have been built.

o In sonme areas a change in | and use shoul d be consi dered an encroachnent. For
exanpl e, undevel oped rural areas may have been converted to produci ng
farmand. This may cause problens in providing adequate vertical clearance
for the expected use of |arge harvesting conbi nes and/ or heavy farm ng
equi pnent .
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o Irrigation systens may have been added.

o Wility or communication facilities may have been constructed since the
transmssion line was built.

o GCommercial signs may have been install ed.
Easenments may contain limtations on tree clearing and/or |line accessibility.
"Bl anket Easenents" shoul d be reviewed by | egal counsel.

Line nodification mght be limted due to the construction of airstrip facilities
or aradio/ TV transmtter built nearby since the original |ine was constructed.

Public Wility Comm ssion or Public Service Comm ssion approval nmay have to be
obt ai ned.

El evati on or voltage changes for railroad crossings, highway crossings, aircraft
approaches, or any other crossing nay require a permt.

1 Analysis of Existing Lines and Structures: Before an existing structure or |ine
sones a teaslble candidate for voltage conversion or inproving the current rating,

hor ough records search nust be nmade, detailed field informati on obtai ned, and

pr ehensi ve engi neering cal cul ati ons nade.

in-depth review of the design paraneters and construction nethods used for the
sting transmssion |ine nust be conducted at the beginning of any proposed |ine
wersion or upgrading project. The purpose of such a thorough study is to clearly
ine the starting point and configuration before becomng coomtted to an

yensi ve, time-consumng |ine nodification.

1.1 Several essential facts about the existing facilities nust be ascertai ned:

What basic design criteria was used? |s the original design data book avail abl e?
What specific overload factors were used? Wich version of codes or design
manual s were used?

What basic electrical clearances (horizontal and vertical) were used in the
original design? Are original construction draw ngs/contract docunents
avai | abl e? Are existing plan-and-profile drawings up to date? Has a foot patrol
been made to detect right-of-way encroachnments, heights and | ocations of al
utility crossings, and changes in ground el evations (cuts/fills)? Are pole

hei ghts, classes, and | ocations correct as shown on plan-and-profile draw ngs?
Are all highways, streets, and railroads accurately shown? Have any airports or
radi o/ TV stations been built in the general area since the original |ine
construction?

Was the existing line designed for greater |oads than necessary? WII the

exi sting foundation and soil conditions sustain increased | oads on the upgraded
structure? Wiat standard was used in sel ecting pol e enbednent depths? Do the
exi sting structures have any surplus strength capabilities? Wat does the survey
of the wood pol es indicate concerning the condition of the existing poles? 1Is
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the groundline circunference in excess of the mninumdi nension for the ANSI wood
pole class? |Is the wind span for the individual structure |ess than the nmaxi num
allowed for pole strength capabilities or uplift limtations? Does the existing

line meet current NESC "when installed" criteria? Wat is the condition of the

i nsul ators, conductors, overhead groundw re, and conductor and pol e har dware?

1.2 Asurvey will be required to spot check cl earances and verify the profile.

> field effort begins wi th determning the physical and nechanical condition of the
sting line. Thisis in addition to or in conjunction with a survey of the

sting centerline. A quick spot check of elevations will reveal if a full survey

| be required. An inventory of any changes to the physical features along the
iterline should be recorded with correspondi ng el evati ons. Masurenents shoul d

50 i nclude conductor attachment hei ghts, obstructions, right-of-way encroachnents,

1 check of span lengths. Al wre crossing heights shoul d be neasured during the

2l d survey.

‘i al photography nmay be used to prepare new plan-and-profile sheets. The cost will
crease wth the | evel of accuracy desired for the aerial survey. A detailed cost
pari son between aerial photography services and a ground patrol survey shoul d be
il yzed.

1.3 Fnally, the data should be analyzed to determne the optimal plan for

yovenment. Any changes nade to the existing line nmust, as a mninum conply wth

> latest edition of the NESC. Sag and tension paraneters of the existing conductor
| have to be determned. Design tensions may not be very accurate if actual span

gths are not the intended design lengths or if the field sagging of the wire was
accurate. Raising structures, noving structures, etc., wll change sag and

1sion characteristics. Raising a structure may gain cl earance in one span but | ose

q:arance in an adjacent span. Raising a line usually results in increased tension

t he conductor and can put unwanted | ongitudinal forces in the new system |If a

‘ucture needs to be raised, the engineer should review the designed cold curve on

> profile to check for a potential uplift problem

the existing pol e has adequate strength, conductors may be raised to permt

qater sag or to increase clearances. The |ower crossarmnay have roomto be raised
oot or two depending on the original vertical spacing or |ine posts may be added
exi sting crossarns to increase clearances. Caution should be exercised, however,
it the solution to one probl emdoes not create another. |If the line has

yeri enced gal | opi ng, changing the vertical spacing may introduce phase-to-phase
itact.

the field survey reveals a distribution line crossing is restricting the cl earance
lerneath the transmssion line, the owner of the conflicting |line should be

itacted to renove the conflict. This approach may be | ess expensive than changi ng
> transmssion facilities.

> Methods to Upgradi ng/ Converting Using Existing Structures :

:n upgrading a line, the engi neer shoul d take advantage of |ocal environnental
yerience concerning tenperature, ice and wi nd | oadings. For exanple, if a _
insm ssion line exists in a medium | oadi ng zone, but was designed for heavy | oadi ng
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ditions, the structures nmay have strength in excess of what the NESC required and
ch can be used in upgradi ng.

the previ ous section, sone itens of review were suggested to hel p determ ne

sther the existing structure configurations have any significant strength or
actrical clearance paraneters in excess of that required by the NESC or recomended
RUS Bul letin 1724E-200. |If the existing structures are found to have certain
‘ength or hei ght advant ages, an upgradi ng or conversion nmay be possible with a

1i mum of expense involved in material and construction. Sonme of the nethods of

1e nodification that would fall into this category are:

Reconduct or .

Bundl e conduct ors.

Ret ensi on exi sting conductors.

I ncrease |ine vol tage using existing conductors.

I ncrease operating tenperature using existing conductors.

[eNeleolNoNel

xse nmethods of line nodification nay be used individually or may be used in
bi nation with one other. Each nmethod has uni que probl ens which need to be
1si dered i n upgradi ng.

>.1 Reconductor : Renoving existing conductors and installing a single |arger
ductor nay be a valid line nodification technique, provided the existing
‘uctures have adequate pol e strength and ground cl earance to accommodat e t he
crease in vertical and transverse | oads and i ncreased conductor sag.

arger conductor usually results in considerably higher line tension. Therefore,
conductor fittings, angle attachnents, and deadend attachnents will need to be

/iewed for the new strength requirement. Wilizing new or different conductor

wfigurations will result in different galloping conductor ellipses. The revised

ifiguration should be anal yzed in the maxi rum mninum and ruling spans to

erm ne whether the conductors will come in contact during galloping conditions.

ther method of |ine upgrading/conversion utilizes the installation of a conductor
ch has certain vibration danping characteristics such as Steel Supported A um num
ductor (SSAC), Trapezoidal, or Twisted Two Conductor (T2) type of conductors.

ch specialty conductor has unique installation and handl i ng concer ns.

> followng itens need to be considered for a reconductor project: clearances,
sul ator strength, foundation capacity, conductor hardware, guy strength, pole and
‘ucture strength, anchor capacity, vibration, and gall opi ng concerns.

>.2 Bundle Conductors : The bundling of conductors to achi eve vol tage upgradi ng
/ be avalid technique. This nethod of line nodification lends itself to

‘uctures that have excessive pole strength in their present configuration.

ficient ground clearance will be required to offset any increase in insulator
'ing |l ength and vol tage cl earance requirenents.

‘i zontal conductor bundles usually consist of two conductors per bundl e at voltages
3s than or equal to 345 kV. The horizontal bundle mnimzes the anmount of

litional ground cl earance required for voltage upgradi ng because the sane wire size
1 resulting conductor sag may be utilized. One disadvantage to this technique is
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it a new conductor cannot be added to forma horizontal bundle with an existing
ductor (even if they are the sane size) because of the difference in initial and
1al conductor sag and tension val ues.

‘tical conductor bundles may be utilized in nost of the sanme situations as the

‘i zontal bundle. The vertical bundle arrangenent requires about 305 mm (12") to

> Mfm (14") nore height at the conductor attachnent point than the horizontal

dle, due to the length of the conductor hanger. There are sone advantages to the
‘tical bundle technique. ne advantage is that a new conductor can be installed in
> top position of a vertical bundle and the existing conductor installed in the

ner position. Another advantage is that vertically bundl ed conductors may be
stalled on certain single-pole structures (e.g., horizontal |ine post

1struction).

>3 Retension: |If conductors are resagged to higher |line tensions, vibration
pers may be required. Quyed structure strength, guy strength, insulator strength,
duct or hardware strength, foundation capacity, anchor capacity, and uplift

»acity al so need to be consi dered.

>.4 Increase Line Voltage : Sonme structures nmay be upgraded/ converted to higher
tage levels by raising the shield wire on a type of bayonet and installing new or
lified crossarns or conductor attachment points to higher positions. Structures
it may be nodified in this manner nust have a consi derabl e anount of excess pol e
‘ength in their present configuration. Raising the shield wire and conductor
cations wll increase the ground |ine nonent and ot her structure | oadi ngs.
creasing line voltage may require increasing line insulation by addi ng addi ti onal
‘celain bells or by changi ng out suspension or posts to longer units of porcelain
polynmers. |If the existing conductor is to be utilized at a hi gher operating
tage, it nust be capable of conveying greater electrical |oadings. Conductor
»aration, insulator swing, corona, insulation |evel, and ground cl earance nust be
1si der ed.

>.5 Increase (perating Tenperature : Prior to the release of the 1977 NESC
lities generally were designing their transmssion and distribution facilities to
3t operating tenperatures of 120°F. At high anbient tenperatures with | ow w nd
2eds, this criteria does not provide for a high power transfer. Wth increasing
actrical demand, many utilities are focusing on increasing the operation limts of
sting transmssion facilities. The utility should contact and/or follow conductor
wfacturer's recommendations for naxi numoperating tenperatures. Anpacity is

nted by ground-t- conductor clearance and thernal properties of the conductor.

ch utility should calculate its own conductor anpacity based on | ocal anbient and
arating conditions. The ground clearance for nost lines with snall conductor (4/0
SR and snaller) in the Heavy Loading D strict is controlled by the sag of the iced
ductor, not the 120°F hot sag. During sumrer peak, the transmssion |ine should
/e additional capacity in those cases. A prelimnary spot check can be perforned
drawi ng the higher operating tenperature curve over the existing profile.

erally, old transmssion lines do not have reliable records due to inaccuracies of
svation neasurenents, addition of roadways, and new devel opnents that have regraded
> ground beneath the transmssion line. Qher utilities may have crossings that

/e not been docunented on the utility's pernmanent records.
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5 Insulation Levels: In general, the shield angle for |ightning protection should
30 degrees. However, the shield angle nmay be increased to 40 degrees based on the
1e's loading, reliability, and the systemintegrity required by the individual |ine
ng upgr aded.
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a nore detailed analysis on lightning performance, the engineer is referred to an
‘il 1985, |EEE paper, "A Sinplified Method for Estimating Lightning Performance of
insm ssi on Lines," pages 919-932.

hori zontal post insulators, it is recommended that a Bl L be approximately 20
‘cent above NESC dry flashover. For suspension insulators, it is reconmended that
sul ator strings conformto the recommrended insulation levels in RUS Bul l etin 1724E-
), "Design Manual for H gh Voltage Transm ssion Lines." However, one bell |ess
in standard may be used if the followng criteria are net:

o The line has an overhead ground wre.

0 The pole ground resistance is |ess than 10 ohns.

o Theline is located in an area of noderate isokeraunic
| evel s*.

o The line has no contam nation probl ens.

ol ymer insul ator should have el ectrical ratings equivalent to its porcel ain
interpart. Usually the polymer insulator will have an increased | ength, reduced
ght, and increased | eakage di stance. The reduced weight wll affect the insulator
ng clearances. Each manufacturer will have different |evels of creepage, |eakage,
ishover characteristics, BIL levels, and strength ratings.

7 Cost Factors: U to this point, the considerations to be nade in transm ssion
1e upgradi ng have dealt nmainly with systemoperational requirenents, electrical
qarance requirements, and structural performance capabilities. |Infornation

3sented in this section will direct attention to expenditures of resources invol ved
i ne conversion and upgradi ng. These expenditures include finances, tine,

power, environnental, and material, to note only a few

7.1 Additional R ght-of-Way Costs : Perhaps the nost inportant questions to be
sol ved 1n any proposal for Tine upgrading or conversion concern the right-of-way
ected by the line changes. The nethod of calculating the mninumrequired right-
way width for the proposed structure was described in section 3.2, page 5.

dther critical question concerning right-of-way is whether or not additional and

acent right-of-way can be obtained. |If the existing |ine route crosses
xdomnantly rural countryside, the chances are good that additional/adjacent right-
way can be obtained. [If, however, the existing line route crosses a devel opi ng

sidential area or is restricted by other existing rights-of-way or geographi cal
itures, it may be virtually
)0ssible to obtain additional/adjacent right-of-way. In that

sokerauni ¢ | evel - The average annual nunber of thunderstorm days used for
jht ni ng statistics.
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se, alternate nmethods of |ine construction nust be considered, e.g., tear down and
i ld on existing right-of-way w dth.

the utility concludes that the additional/adjacent right-of-way w dth can be
ained, the next question is the cost of the additional right-of-way in terns of
re and noney. Experience has proven that right-of-way negotiations, settlenents,
1 condemmat i on actions require considerably nore tinme and noney to acquire than
‘st anti ci pat ed.

IS suggested that an assessnent of real estate values and properties affected by

> line conversion be nade by a private real estate broker or registered | and
yaiser. It is further suggested that nei ghboring cooperatives and public

lities be contacted to gain information concerning their recent experience in tine
1 expense involved in right-of-way procurenent or condemnation proceedi ngs.

irmcommtnent to proceed with |ine upgrading or conversion should be wi thheld
il the utility is satisfied with the accuracy and adequacy of answers to the
astions concerning additional right-of-way.

7.2 MNaterial Costs : The cost of material involved in the proposed |ine conversion
upgradi ng shoul d be studied. There are at least three significant itens that nust
/e val ue assessnents nmade or derived. The first is the "book" value of the

sting structure, itens, or wires that will be affected by the |Iine nodification or
irenent. (This nmay be obtained fromthe property accounting records.) Secondly,

> sal vage val ue of the renoved materials nust be estinmated or otherw se defined.

1is value should be entered as a deduct itemwhen estinmating the total project

st.) Thirdly, the cost of the naterial to be installed nust be defined in order to
abl i sh new structure costs for property accounting records.

ther itemthat should be considered is the availability of the types of material
ng considered for use in the proposed conversion or upgrading. Material lead tine
‘ies in an unpredictable nmanner; therefore, the designer shoul d check the supply or
iilability of materials needed in the tine frane planned for |ine conversion.

ans such as horizontal |ine post insulators, |ong-assenbled crossarns, and

shi oned suspension units are usually long lead tinme itens, and their acquisition

/ have a bearing on project planning.

7.3 Labor Costs : The |abor cost to convert or upgrade the proposed transm ssion
1e will probably be the nost significant expense itemin the project. The anount
time and | abor activities required in a line conversion will be substantial.

or costs may be several times as great as material costs.
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> categories of |abor costs that nust be identified and tabul ated are the | abor to
rove specified itens of existing line materials and di spose of as directed,
lify/revise existing structures; install newline materials; clear additiona

jht - of - way.

the proposed upgrade is a radial line, additional cost for "hot |ine work"™ shoul d
considered if unable to take an out age.

7.4 Technical Analyses : A conplete analysis of the existing transmssion |ine
st be performed. An upgrading or conversion project will have prelimnary

Ji neering expenses that nust be considered. The costs should include the tine and
)enses for the activities listed bel ow

> Record Search - A conpl ete search of design records, draw ngs, and property
records to determne the criteria used in design and construction of the
exi sting |line.

> Field Inspection - A conplete and detailed inspection of the existing
transmssion |ine nust be perforned, including foot patrol, pole inspection,
pl an-and-profile verification, right-of-way encroachnent inspection, pole height
verifi- cation, pole ground |ine circunference neasurenents, etc.

> Engineering Analysis - Design anal yses of the existing |line and the upgraded
structure nust be performed including structure strength and hardware anal ysi s,
conductor gal l opi ng, electrical clearances, conputation of overload factors,
verification of the accuracy of engineering draw ngs, etc.

| MPROVE RELI ABILITY: There are several nethods to upgrade a line and inprove its
iability. The follow ng nmethods nmay be used in conbination with each other to
srease the nunber of outages to a l|ine.

L Inprove Lightning Performance: There are a nunber of ways to reduce the nunber
outages due to lightning strikes to the phase conductors. ne of the nost

ective ways is to attach an overhead ground wire to the structure such that the

eld angle to the conductors is 30 degrees or less. |If structure strength permts,
yayonet nay be added to the structure to either add an overhead ground wire or to
se the existing shield wire and decrease the shielding angle.

jhtning arrestors with proper groundi ng nmay be used to decrease fl ashovers due to
jhtning. Design data and earth resistivity data should be provided to the
wfacturer so that quantities and location of arrestors are properly determ ned.

> benefit of lightning arrestors, as conpared to the overhead ground wire, is that
2y will not greatly increase the |oadings on the structure.

yoving grounding on a transmssion line will decrease the nunber of outages on a
elded transmssion line. Additional ground rods nmay need to be driven to reach
ner resistivity soil layers. |In high resistivity soil, counterpoise nmay be the

st solution. Chemcally treated ground rod systens may be necessary in high
sistivity soils.

sul ati on shoul d be considered to inprove the BIL level of the line. In
itam nated areas, higher silicone rubber conposition polynmer insulators nmay al so be
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1sidered. The silicone naterial provides a hydrophobi c surface (water beadi ng)
luci ng the deposits of contam nants.

> final nethod of reducing outages due to |lightning involves |ightning dissipation
/ices. The basis of these devices is that they |ower the voltage differentia

ween the ground surface and the cloud charge bel ow fl ashover |evels. Sharp points
t hese devices ionize the surrounding air, allow ng safe transfer of electrical

irge to a grounding system Since grounding is a key elenent in the perfornmance of
3se devi ces, groundi ng techni ques nentioned above nay have to be used in highly
sistive soils. Lightning experts disagree on the effectiveness of these devices.

> Inprove Galloping Performance: Qutages may occur from phase-to-phase contact of
| opi ng conductors. Qutages fromagall oping conductors can be reduced several ways:

| ncrease conductor separation by raising or |owering crossarns.
Add air flow spoilers to break up the uniformty of ice buildup on the conductor.
Reduce span | engths by addi ng additional structures.

Reconductor with T2 type conductors. (Structure strength, guying, and other
mechani cal factors nust be eval uated.)

Add m d-span spacers to elimnate conductor slap. (Conductor hardware shoul d be
reviewed closely to prevent conductor damage due to aeolian vibration or dynamc
stress.)

Add det uni ng pendul uns to dissipate the | ow frequency energy.

3 lnprove Aeolian Vibration Performance: Aeolian vibration nay cause conductor
igue and eventually conductor breaks creating outages. Several neasures may be
<en in order to reduce aeolian vibration:
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Install spiral vibration danpers to conductor sizes not exceeding 19 mm (3/4")
dianeter. For |arger conductor, a pendul umtype danper shoul d be used.

Use cushi oned suspensi on or support hardware in place of conventional support
cl anps.

Moni tor vibration frequency and anplitude through current recordi ng devices.

Initiate a visual inspection programto review the conductor, arnor rod, or tie
wire damage. Check cotter key or hardware wear and | ook for the presence of
bl ack al um num oxi de.

Add det uni ng pendul uns to di ssipate the nmechani cal energy.

DETERM NI NG THE BEST SCLUTI ON

L Tangi ble Factors: The prinmary factor in a line conversion or upgrading is the
al estimated cost of the proposed project. As described earlier, the estinated

st for each alternative nmethod of |ine conversion should be carefully prepared.

> estimated cost of a totally new transmssion line and right-of-way should al so be
3pared for conparison of cost and public interest.

second tangi ble factor is the tinme elenent available to provide the needed system
lifications. |If increased power requirenents or systemservice is required and the
re avail able to construct these systeminprovenents is very limted, then the
lification of existing power lines on existing rights-of-way can be a very tangi bl e
set .

hird tangible factor is the electrical systemcapability. |[|f additional service
needed, or requested, in a part of the systemwhich has marginal or limted
»abilities, the necessity for systemi nprovenent becones a tangible factor.

> Intangi ble Factors: In devel oping any systeminprovenent, there are a multitude
factors to evaluate. Sone of these are intangible itens and thus cannot be
iingfully evaluated in nonetary terns. Two such factors are consuners' interests

1 public relations. Reliability of service and consuner interests are obviously
ated. Wen system anal yses conclude that a Iine conversion or upgrading is

cessary to provide the desired reliability of service, the consuners' interests are
ng supported, and the project warrants careful consideration.

ntai ning good public relations is a desirable posture for any organi zation. A
)posal to utilize existing transmssion line rights-of-way for needed system
yovenents certainly is an attenpt to devel op good public and consumer rel ations.
srefore, the upgradi ng or conversion of existing transmssion lines within existing
jht s-of -way or mnimal increases in rights-of-way width is in the best interests of
> general public where possible.

3 Conparison of Alternatives: The purpose of information presented in this
sunent 1S to provide various concepts for structure and line nodifications. Each
the avail abl e met hods of |ine conversion or upgrading will involve differing
enditures for materials, labor, rights-of-way, engineering anal yses, etc. It is
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ortant, therefore, to prepare conprehensive cost estinates for each of the
figurations to be considered for the upgradi ng project.

1 Selection of Alternatives: After conparing the various factors described above,
> best overall solution can be determned. A though m nim zing construction costs
inmportant, the need for systeminprovenents nay be so critical that an energency
uation exists, and costs becone | ess inportant.

ch situation nust be eval uated i ndependently and conscientiously. Wen this is

1e, the owner can objectively determne the best solution for its system s needs

1 be confident that the interests of the consuners and the general public are al so
ng served.

> Exanple: A borrower has operated and nai ntai ned 20.92 kiloneters (13 miles) of
kV transmssion line, radial feed, that serves a 69/12.5 kV substation with six
stribution feeders. The transmssion line utilizes Hframe TH 1G structures with
5.8 (26/7) ACSR conductors and (2)-3/8" HS. steel shield wires constructed w thin
30.48m (100 ft.) wi de easenent. The "Long-Range Pl an" specifies the need to

wert the distribution feeders to 14.4 kV and the transm ssi on/ substation

silities to 138 kV with 795 (26/7) ACSR conductors and rel ocate the source

)stati on.

>initial investigation reveals the follow ng facts:

It is currently the nonth of July with present peak | oads already at the systenis
maxi num capability with only a snall unbal anced condition, thus, in-service for
the 138 kV operation will be required within 11 nonths.

Alternative sources for the distribution | oads are not available or they are
i mpractical for |ong-termoperation.

The weak link in the transm ssion/substation systemis the 266.8 conductor. The
69/12.5 kV transformer has additional capacity for the distribution | oads and
space was provided for two additional 12.5 kV feeders.
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The right-of-way contains numerous new crossi ngs and encroachnents, (utility,
public, and private).

Part of the easenents have been purchased by structure location and with limted
ri ght of access.

A netal plating conpany and railroad spur have since been |ocated al ong . 75km
(1/2 mle) of this line.

The extrenely harsh winters with unusually heavy ice have nade construction
i npractical from Novenber through January for the past 4 years.

The original |line was designed with 198m (650 feet) ruling span, 274m (900 feet)
maxi num span, a conductor operating tenperature of 48.90°C (120°F) hot and -
17.8°C (0°F) cold, a basic structure of 60 feet dass 2 poles, one crossarmwth
sone structures being X-braced, and the conductors were attached w th cushi oned
suspension units. Danpers were not required as the 266.8 ACSR conductor was
installed at a noderate tension. It was placed in service 9 years earlier.

The profile drawi ngs are inconplete and all other design data has been | ost.

perations records show a high outage rate due to lightning, trees, and gall opi ng
conduct or s.

The 69 kV line can be taken out of service only during periods of |ow demand.

> followng prelimnary options nust first be reviewed before the actual upgrading
to be consi dered.

Determne all other feasible routes on both public and private properties. These
routes shall include right-of-way w dths of 15.24m (50 feet), 22.86m (75 feet),
and 30.48m (100 feet) and a cost/mle for each.

Determne the relative cost of "new' single pole and Hframe construction with
795 (26/7) ACSR conductors.

Determne the feasibility of expanding the 69/12.5 kV substation by adding a
second 69 kV line, possible |oop feed.

Determne the cost of renoving the existing line and building a newline inits
pl ace.

Determne if another conductor, 477 (26/7) ACSR or 636 (26/7) ACSR can be used
at 100°C (212°F) operation and cal cul ate the | osses.
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I ndi cations resulted in a common proposal, nanely, that the existing line wll
/e to be converted to 138 kV on the existing right-of-way, with a mninum avail abl e
age tine, using the sane structure |ocations and reconductoring with 636 MoM 26/ 7
SR conductor to be operated at 100°C (212°F)

sumary, the TH1Gto TH VS (69 kV to 138 kV) conversion structure is recomrended
" the detail ed design considerations. Throughout the detail ed design, the engi neer
st be aware of specific individual structure |ocations that cannot be converted by
> use of this structure. Those unique |locations will require special design

1si derations and/or replacement with standard RUS 138 kV transm ssion structures.

general, the specific structure for this conversion is chosen for the follow ng
1SONS:

It is conpatible with hot-Iine work.

It provides substantial increase in ground clearance to permt reconductoring to
636 conductor and operating at 100°C (212°F). |If the ground cl earance becones a
governing factor as the design progresses, consideration wll have to be nade as
to the use of self danping conductors and/or installing danpers on a tightly
strung 636 (26/7) ACSR
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