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INTERNATIONAL ELECTROTECHNICAL COMMISSION
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Part 202: UHV AC Transmission line design
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp|
national electrotechnical committees (IEC National Committees). The object of IEC is t0 prd
fernational co-operation on all questions concerning standardization in the electrical and electronic fiel

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter_refefred to as
iblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International;~governmental and
vernmental organizations liaising with the IEC also participate in this preparation,<IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with“conditions determing
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,cammittee has representation fro
terested IEC National Committees.

bmmittees in that sense. While all reasonable efforts are mafe t0 ensure that the technical content o
Liblications is accurate, IEC cannot be held responsible f0r\the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public3
hnsparently to the maximum extent possible in their" national and regional publications. Any diverg
tween any IEC Publication and the correspondingcnational or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation oftc¢onformity. Independent certification bodies provide confd
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

| users should ensure that they havéithe latest edition of this publication.

b liability shall attach to IEC or jts-directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property damg
her damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of ¢he. publication, use of, or reliance upon, this IEC Publication or any othe
biblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatig
dispensable forthe-correct application of this publication.

tention is drawn' to the possibility that some of the elements of this IEC Publication may be the subj
tent rights~JEC shall not be held responsible for identifying any or all such patent rights.

TS 63042-202 has been prepared by IEC technical committee 122: UHV AC transmis
bms . It is a Technical Specification.

is end and in addition to other activities, IEC publishes International Standards, Techpical "Specificafi
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The text of this Technical Specification is based on the following documents:

Draft Report on voting

122/113/DTS 122/116/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
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available at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC are described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 63042 series, published under the general title UHV AC
transmission systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed

e Withdrawn,
e replaced by a revised edition, or

e gmended.

IMBRORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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UHV AC TRANSMISSION SYSTEMS -

Part 202: UHV AC Transmission line design

1 Scope

This part of IEC 63042 Inm\/idpe common rules for the dpqign of averhead transmission lines
with|the highest voltages of AC transmission systems exceeding 800 kV, so as to_prdvide
safety and proper functioning for the intended use.

This| technical specification aims to give the main principles for the design, lof UHV| AC
overhead transmission lines, mainly including selection of clearance, insulation coordination
and |insulator strings design, bundle-conductor selection, earth wire/optical ground Wires
selegtion, tower and foundation design, environmental consideration. Thé design criteria qpply
to ngw construction, reconstruction and expansion of UHV AC overhead-transmission line

2 Normative references

The [following documents are referred to in the text in sdch a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any pmendments) applies.

IEC 60826, Design criteria of overhead transmission lines

IEC p1284, Overhead lines — Requirements and tests for fittings

IEC 1854, Overhead lines — Requirements and tests for spacers

IEC p1897:2020, Overhead-linés — Requirements and tests for Stockbridge type aeolian
vibration dampers

IEC p0794-4-10, Optical fiber cables — Part 4-10: Family specification — Optical ground wires
(OPGW) along electrical power lines

IEC [TS 62993y Guidance for determination of clearances, creepage distances |and
requirements for solid insulation for equipment with a rated voltage above 1 000 V AC|and
1500 VDC, and up to 2 000 V AC and 3000 V DC

IEC 62110, Electric and magnetic field levels generated by AC power systems — Measurement

proc

edures with regard to public exposure

CISPR TR 18-1:2017, Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 1: Description of phenomena

CISPR TR 18-2:2017, Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 2: Methods of measurement and procedure for determining limits

CISPR TR 18-3:2017, Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 3: Code of practice for minimizing the generation of radio noise
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

UHV AC

highest voltage of AC transmission system exceeding 800 kV
3.2

residential area

populated areas, such as industrial area, port, wharf, rail station and towns
4 Bymbols and abbreviations

AC alternating current

AAC all-aluminium-conductor

AAAC all-aluminium-alloy-conductor

ACAR aluminium-conductor-alloy-reinforced
ACgR aluminium-conductor-steel-reinforced
AACSR aluminium-alloy-conductor-steel-reinforced
ACSS aluminium-clad-steel-strand

AN audible noise

BFR back-flashover rate

CFO critical flashover

EDS everyday stress

EGM electrical geometric model

EHV extra'high voltage

ESDD equivalent salt deposit density

HV high voltage

ICNIRP international commission on non-ionizing radiation protection
LPM leader progression model

MSd mid-span-compression

NSDD non soluble deposit density

OPGW optical ground wires

RI radio interference

ROW right of way

RTV room temperature vulcanizing

SFFOR sum of shielding failure flashover rate

SPS site pollution severity

SS steel-strand

UHV ultra high voltage
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D unified specific creepage distance
ultimate tensile strength

5 UHV AC transmission line requirements

5.1

General requirements

In designing of UHV AC overhead transmission lines, several significant factors should be

congidered;—they—are—requirements—of—reliability—selectrical—characteristics—mechanical
charpcteristics, security, safety, environment and economy.

5.2 | Reliability requirements

— Reliability of UHV AC overhead transmission lines should be high as the transmigsion

5.4

apacity is large and UHV AC lines form an important part of the transmission network
oad-strength and other design requirements as per IEC 60826.

Electrical requirements

f UHV AC overhead transmission lines. It should meet the basic requirement
mpacity, control of voltage drops, corona loss, radio\interference and audible n
esides, it can be determined by comprehensive comparison in terms of economy
echnology.

bround wires should meet the requirements ofdlightning protection, fault current, ind
oltage, clearance between conductor and earth wire.

xternal insulation configuration should ensure safe operation of transmission line u

onditions.
s for tower, the configuration should be decided based on the electrical considerat

uildings and obstruction and maintenance, etc.

Security requirements

Secuyrity requirements_correspond to special loads and/or measures intended to re

prob|

5.5

Pers

5.6

ability of uncontrollable progressive (or cascading) failures.

Safety requirements

onal injury and safety risk should be avoided during construction and operation.

Environmental impact

election of appropriate conductor bundle has a significant.influence on the performance

5 of
Dise.
and

iced

nder

ower frequency voltage, switching owvervoltage, lightning overvoltage, and polllition

ons,

nsulation requirements, economy, reliability, ROW requirements and clearanc¢ to

juce

Based on requirements of various countries, the environmental impact of transmission lines,
such as electric field, magnetic field, audible noise, radio interference, wind noise, etc.,
should be controlled.

5.7

Economy

The design of the UHV AC overhead transmission lines should be based on evaluation of
capital cost, operation and maintenance costs, and losses so as to have a balance between
performance and cost.
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6 Selection of clearance

6.1 General

For the selection of various clearances, the calculated values should be verified through
experimental results. General principles for selection of clearances for transmission lines are
covered under present IEC standards, which are IEC 60950, IEC TS 62993. Specific
Guidelines for selection of clearances for UHV AC transmission lines are covered under this
document.

6.2 _Air gap, tower clearances (strike distance)

6.2.1 Power frequency voltage

For JHV AC transmission lines, determination of minimum clearance under power-frequency
voltgge considers continuous operating voltage rather than temporary overvoltage.

The |air clearance under the power frequency voltage is generally considered assuming|that
the maximum wind speed occurs concurrently.

The [power-frequency 50 % flashover voltage Ugg o, for the air clearance between condictor
and support under continuous operating voltage can be calculdted as referred in IEC 600f1-1
and |other international practices.

6.2.2 Switching overvoltage

In determining the insulation levels required by Switching overvoltage occurring on JHV
overhead transmission line, the statistical appreach or simplified statistical approach cah be
used, regarding the overvoltage amplitude ang insulation strength as random variables.

Switching overvoltage can be predictedtbased on the engineering conditions. The ifems
needing to be predicted should includethe amplitude probability distribution of overvoltage at
variqus points, statistical overvoltage, coefficient of variation, and time-to-peak of overvoltage.

Givgn the unlikelihood that\‘switching overvoltage and maximum wind speed appear
condurrently, the wind speed concurrent with the switching overvoltage can be taken as a
valug smaller than maximum wind speed. Designers can reduce wind speed according to
requfired reliability.

Swirjg angles having a probability of occurrence of 1 % or more during a year should be
compined with{the distance necessary to withstand switching or lightning surges.

The [specific value of wind speed is to be determined by the respective countries at their|own
discretiop

The 50 % switching impulse flashover voltage of the air clearance from conductor can be
calculated as referred in IEC 60071-1 and other international practices.

6.2.3 Lightning overvoltage

The air clearance under lightning overvoltage can be determined by the lightning impulse
withstand voltage and the lightning performance criteria. The concurrent wind speed for
lightning overvoltage is generally taken as 0 or a small value.

Under lightning overvoltage, the 50 % positive lightning impulse flashover voltage of air
clearance shall not exceed the 50 % lightning impulse flashover voltage of clean insulator
string, which can be calculated as referred in IEC 60071-1 and other international practices.
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Annex D shows diagrams of 50 % lightning impulse withstand voltage over air clearance
for typical setups of supports. See 6.5 for lightning protection design and measures.

6.3 Phase to phase spacing (Horizontal, Vertical)
The phase to phase spacing shall be determined so as to achieve minimum air gap

requirements pertaining for power frequency withstand voltage, lightning impulse withstand
voltage and switching impulse withstand voltage.

Details of calculation of phase spacing in different countries are given in Annex B.

6.4 | Ground clearances — Statutory requirements, electric and magnetic field IimitJ

Groynd clearances shall be calculated according to the maximum sag. For transmission lines
in hgavy icing areas, the uneven ice loading on conductors and the sag incrementlarising from
ice Ipads shall be calculated. The impact of plastic elongation of conductor after erection|and
errofs resulting from design and construction shall also be considered.

For UHV overhead transmission line, ground clearances are primarilyydetermined by power-
freqliency electric field intensity limitation of the ground.

Gengrally, the power-frequency electric field limits for AC transmission lines are determliined
by ¢onsidering three aspects, respectively to prevent¢transient electric shock causing
abngrmal, prevent steady-state electric shock current larger than the let-go threshold,|and
limitlharmful ecological effects due to long-term effects’of electric field.

Althpugh different countries or electric power companies have different requirements, ag per
ICNIRP guidelines, the maximum field strength*is”10 kV/m under transmission line and 5 KV/m
at the edge of ROW.

6.5 | Conductor-earth wire spacing,shielding angle — Lightning performance criterija

The |[lightning performance criteria)of transmission lines are SFFOR and BFR. For JHV
trangmission lines, the acceptable”lightning flashover rate ranges generally from 0,1 tq 0,5
flashovers per 100 km per yeat, which is lower than for EHV systems.

The [lightning flashovertrate of a transmission line can be calculated by summing up| the
lighthing flashover rate,of each sectionalized line. The principle to divide the line into seyeral
line |sections is acdcarding to ground flash density of lightning, terrain along the line| the
strugture of the tower, and the soil resistivity.

In the SFFQR/calculation, critical shielding current can be derived by EGM or LPM as well as
othef methods.

In t ;
process after lightning strike the earth wire or tower.

The lightning protection for UHV transmission lines shall be designed according to the nature
of load and operation mode of the system in combination with the operation experience of
existing local transmission lines, the intensity and density of lightning activity, topographic
and geomorphologic characteristics as well as the soil resistivity of the local area. A proper
lightning protection method shall be employed through technical-economic analysis after
determining the lightning withstand level, including:

— Double earth wires shall be installed along the overall transmission line.

— For mountain areas and the areas with high ground flash density of lightning, the shielding
angle should be further reduced, even to a negative angle according to the actual
conditions of projects.
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Lightning protection should be reinforced appropriately for the incoming and outgoing line
section near the substation.

7 Insulation coordination, insulator and insulator string design

71 General

For insulation coordination, the calculated requirements should also be evaluated through
experimental results. Present IEC standards, which are IEC 60071 (all parts), IEC TS 60815
(all parts), etc., include basic principles of insulation coordination, but this document
spedificatiy refers to URV AC transmission 1ines.

7.2 | Insulation requirements — electrical design considerations

The|insulator strings for transmission lines should be able to withstand the” continlious
opeffating voltage under the corresponding SPS, as well as the specifiedswitching|and
lighthing overvoltage.

In various SPS, USCD of insulators should be determined and be certified by withstand test in
fog pccording to designed pollution requirements. The creepage! distance effective factpr is
close¢ly related to insulator profiles, which is derived from  both pollution flashpver
charpcteristics and contamination accumulation characteristics” of insulators. Therefore, in
order to ensure reasonable insulation design of an UHKV-project, application of spgqcific
creepage distance method require more operating experience and test data.

Possibility of adopting high-performance circuit-bréaker and surge arresters to reduce gver-
voltgges may be examined to optimize insulation requirement of transmission line.

7.3 | Insulating materials, type of insulators

Porgelain, toughened glass and composite insulators are mainly used in UHV AC transmigsion
lined. The materials and type of insulators should be determined through techno-econpmic
comparison based on engineering features, contamination and humidity characteristics along
the |lines as well as analysis/-of dust accumulation characteristics, and strengths [and
weakness in construction, operation and maintenance of insulators of various types.

The |insulating parts of porcelain and glass insulators resist aging, corona, arc erosion|and
cherpical corrosion huty'they are easily wetted and conduct leakage current that varies |with
accymulated pollution level. Besides, glass insulators have the feature of self-explosion (self-
shattering) while\\the resistance is low. Compared with ceramic insulators, compgsite
insulators are/lighter and hydrophobic. The silicone rubber coatings applied to cergmic
insulators offer some advantages of both ceramic and composite insulating materials.

The [fellowing factors can also be taken into consideration in selection of insulators:

— Additional measures such as application of RTV coating may be required when porcelain
or glass insulators are used in coastal areas, salt lake, salt-treated roadway or other
heavily polluted areas.

— Composite insulates, that can retain hydrophobicity and hydrophobicity transfer
performance through pollution layers in all temperature, are easier to operate and
maintain in areas with moderate or high site pollution severity.

— In heavy icing areas, measures against icing flashover like alternate-diameter strings, V-
type and inverted-V-type insulator strings can be used for minimizing the probability of
bridging of insulators through icicles and the probability of icing flashover.
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7.4 Insulator string configurations for disc type insulators

Either specific creepage distance method or contamination withstand method may be used for
determining the number of insulators in polluted conditions.

When the specific creepage distance method is used, the number of insulators is determined
using the formula below:

AV,
n>—m_ (1)
V3K, L,

where
n i the number of insulators required for each string;
A ik the USCD [mm/kV];
Vi i® the maximum system operating voltage [kV];
K. i the effectiveness factor for creepage distance of insulator. It is ‘mainly determinefd by

he effectiveness of improvement of the withstand voltage sunder polluted condifions
hrough the geometrical creepage distance of various insulatérs”under test condition|and
peration condition;

A~ —~ =

L, is the geometric creepage distance of a single suspensjoniinsulator [mm].

NOTHE 1 This is a simplified calculation formula result in the numbgr ofinsulators from the total creepage disjance
requifed and the geometric creepage distance of a single suspension insulator. The specific factor K, indicatgs the
perfofmance of specific insulator in certain pollution environmefitsy/the description of the effectiveness of insu|ators
are dffferent in different countries. IEC 60815 can be referred for selection of pollution conditions and insulators
creepage requirements.

NOTH 2 Configuration of insulator strings such as.parallel arrangement of insulators will influence the poljution
perfofmance.

When the pollution flashover withstandovoltage method is used, the number of insulatofs is
detefmined using the formula below:

V.
n>——"m (2)
V3509, (1-110)
whefe
n is the number-of insulators required for each string;

Vin | is the maXimum system operating voltage [kV],
Vso 4, is the-pollution flashover voltage of a single insulator, [kV].

It cajm\be’ the value corrected on the basis of the pollution flashover voltage obtained through
tests against the actual natural conditions and after fully considering such factors as the
pollution composition, non-uniformity of pollution on top and bottom surfaces, and NSDD
based on test values of pollution flashover voltage of the insulator and according to practical
natural conditions;

n is the multiple of standard deviation;
o is the standard deviation of pollution flashover voltage of insulator, generally 3 % — 10 %.

NOTE 1 Correction of ESDD: If ESDD is equal to or smaller than 0,1 mg/cm?, no correction is required; if ESDD is
greater than 0,1 mg/cm?, a coefficient X_ can be used for correction (K, = 1-1,13 M2:57 where M is the equivalent
concentratizon of Ca?* in composite salt). If the corrected ESDD is smaller than 0,1 mg/cm?, it can be taken as
0,1 mg/cm*®.

NOTE 2 Correction of non-uniformity of pollution on top and bottom surfaces: the correction factor increases from
1,04 to 1,1 as the ESDD gradually increases.
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NOTE 3 Correction of NSDD: The correction factor decreases from 1,22 to 1,04 as the ESDD increases gradually.

NOTE 4 This is a simplified calculation formula with statistical probability and deviation result in the number of
insulators from the total required pollution flashover withstand voltage and the pollution flashover withstand voltage

of a

7.5

single suspension insulator.

Mechanical design criteria of insulator strings and associated hardware fitting

S

For mechanical design of insulator strings and hardware fittings in various conditions,
everyday stress, ultimate load, string breakage load, etc., with adequate factor of safety
should be considered.

The fiirst fitting which connects o the crossarm should be able to rotate flexibly and shoul
ratiojpal in member stressing.

Voltage-sharing and anti-corona measures shall be taken for both insulator strings,and fitf
for UHV overhead transmission line.

Rigid type jumper wire is more applicable to strain towers.

Half|of the angle between the branches of suspended V-shape stfings of transmission
may|be less than maximum swing angle under wind condition considering slackness ran
from| 5°~15° in one of the V-arms or may be determined through_tests.

For
strings should be suspended at one point. The conddctors and earth wires of such
shoyld be protected with preformed armor rods, to mitigate or prevent damage to condu
and

The [spacing between strings for multi-stringZinsulators shall be increased appropriate
minimize the likelihood of collision between>strings due to vibration of insulator strings W
ice-shedding induced line jumping occurs.

8

8.1

As dgne of the most important components of transmission lines, conductors are expectg
the main funetion of lines: transmit power, operate safely and reliably, and meet
envifonmental preteetion requirements.

fulfil

In principle,(the following factors should be comprehensively taken into consideration in
selegtion.ef-eonductors:

8.2

ransmission lines in heavy icing areas, when double insulator strings are used, the

earth wires due to unbalanced tension, ice-shedding induced line jumping and gallopi

Bundle-conductor selection

General

Transmission capacity of the system;

d be

ings

ines

ging

two
ines
tors

y to
hen

d to

the

Permissible temperature rises of conductors;

Electric field effect;

Environmental impacts including audible noise, radio interference and so on;
Mechanical strength required;

Special environmental requirements, such as pollution, anti-corrosion;

Cost effectiveness considering the economic and service life.

Conductor types

In general, the types of conductors used in transmission lines include AAC AAAC, ACAR,
ACSR, AACSR, ACSS, SS, etc.
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At present, ACSR has been most widely used in UHV overhead transmission lines and its
experience in design, manufacture, construction and operation aspects is matured.

AACSR has high tensile strength and low sag characteristics. Therefore, it can be used in
large span, heavy ice area and other lines which require high strength and low sag
characteristics of conductors.

8.3 Bundle conductor configurations

8.3.1 Number of sub-conductors

To reduce corona discharge in UHV overhead transmission lines, it is generally necessafy to
incrgase the number of sub-conductors and increase the conductor cross-section. Typidally,
minimum 8-bundle conductors are generally adopted in UHV AC transmission lines¢

8.3.2 Bundle spacing

The [selection of conductor spacing should consider the subspan oscillation and elecfrical
charpcteristics of the bundle conductors. Generally speaking, problems-caused by subgpan
oscillation can be avoided when the bundle spacing is large enough. From the elecfrical
aspdct, there is an optimum bundle spacing, in which the maximdm/electric field intensity on
the gurface of the conductor is the smallest.

Gengrally, for UHV AC transmission lines, the ratio of thesbundle spacing to the diametér of
sub-conductors (S/d) is not less than 10.

8.4 | Conductor bundle selection process
8.4.1 Cross-section of conductor

The [conductor should be capable of carrying the current corresponding to the required power
flow] as well as the short-circuit  ,cdrrent. In addition, the effects of electromagpetic
envifonment are more prominent for. UHV AC transmission lines. Therefore, electromagnetic
envifonment criteria, in addition to(ampacity requirement, should be considered for sele¢tion
of thie cross-section of conducton.and number of sub-conductors.

8.4.2 Conductor ampacity

The [mechanical strength of conductors may be degraded when the temperature rises |to a
certain level, therefore, the heating of conductors should be controlled. The maximum
allowable conduétor temperature under the ampacity rating corresponds to the long-term
contjnuous opération, which is related to the conductor material and is determined by the
resique of mechanical strength after long-term operation. It may be listed in standards or
techphical-codes or can be determined with reference to guaranteed values due to product
testg.

The minimum cross-section required for conductors can be calculated with the current
required, the temperature allowed and the duration. The conductor ampacity can be
calculated based on the heat balance principle.

The allowable ampacity of overhead transmission line conductors can normally be calculated

by Formula (3).
dc +4r —4s
= |=—T 5 (3)
\ R(%)

1 is the ampacity rating of conductor (A);

where
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de is the convected heat loss rate per unit length of conductor [W/m];
qr is the radiated heat loss rate per unit length of conductor [W/m];
qs is the heat gain rate from sun per unit length of conductor [W/m];
R(T,) is the AC resistance of conductor at 7, [Q/m].

NOTE The detailed calculation of conductor ampacity can be referred to IEEE Std 738™-2012. The environmental
conditions (wind speed, sunlight intensity and ambient temperature, etc.) and the conductor parameters (the
resistivity, heat absorption coefficient, radiation coefficient, allowable temperature and diameter of conductor, etc.)
are key factors of conductor ampacity. Among these factors, the wind speed, ambient temperature and maximum
allowable conductor temperature also have a greater impact on the ampacity. For environmental conditions,
meteorological data collected in various regions or empirical design values are generally used.

Refgr to CIGRE 299 for more details. DC to AC conversion factors are based on skin elffect
and core-magnetisation effect in ACSR conductors.

8.4.3 Requirements for electromagnetic environment

The | electromagnetic environmental impacts induced by high-voltage ntransmission lines
inclyde power-frequency electric field and magnetic field, as well as_radio interference|and
audiple noises resulting from corona of conductors. They affeet” the human’s Ifving
envifonment and quality to a certain extent. Since UHV transmisSion lines have rating$ for
voltgge and current, the effect of electromagnetic environmentis more severe than gther
lowdr ratings.

The |outer diameter and bundle configuration of conducters will affect the electromagpetic
envifonment of UHV overhead transmission line. The-gonfiguration of conductors determjined
in designing of transmission line should meet the pequirements of local laws and regulations
for dlectromagnetic environment such as electric.field intensity, radio interference and audible
noise.

Anngx E shows the restrictions on electremagnetic environment of UHV lines in diffgrent
courntries and Clause 11 will show more.detail of it.

8.4.4 Capital cost and loss evaluation

For [transmission lines, the.'cross-section of conductors affects both the construgtion
invegtment and the operating)electric energy losses. When analyzing the cost-effectiveness of
the ¢onductor scheme, the.local conditions should be taken into account. Generally, bedides
the gonstruction investment, the costs of electric energy losses including resistance heating
lossgs and corona/osses, operation and maintenance costs and time value of funds s’ronuld
be cpnsidered aswwell. The comparison of conductor schemes should be taken out in ternps of
costreffectiveness' throughout the economic and service life.

Pregent value cost method and annual cost method are two most commonly used methodp for
the pconomic comparison of conductor schemes for a transmission line project within the
ecorjomic_and service life. The principles of them are same, and the scheme with a lpwer
present value cost or a lower annual cost will be preferred.

8.5 Mechanical strength

For mechanical characteristics, conductors are required to demonstrate appropriate
mechanical performance and safety margin.

To protect conductors from mechanical breakage or fatigue damage, the conductor tension is
generally limited from two aspects, i.e., the maximum allowable working tension and EDS.

The reliability for conductor tension under the checking condition of extreme (accidental)
loads may be smaller than that under the normal design load condition. While for large-span
lines crossing important rivers, or lines passing through areas where traffic conditions are
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extremely inconvenient, the design reliability may be increased appropriately since repair of
the lines will be very difficult.

8.6 Conductor accessories
8.6.1 General requirements for fittings

The fittings of UHV transmission lines should meet local laws and regulations and with
consideration of transportation, installation, maintenance and replacement. The general
requirements are as follows:

— e fittmgs—shoutd—trave ighTetabitity tomamtam—the—safe—and—stabte—operation of
[ansmission lines;

he structure of fittings as well as the structures connecting the fittings withrinsulators,
onductors and other fittings should be reasonable and optimally designed;

|
a - ~

h selection of materials, the requirements specified above shall be fully ‘considered,|and
ecision be made through comprehensive comparison from the aspects|of strength, ¢ost,
orkability, etc.;

or fittings with the corona issue, the basic requirement that no visible corona under the
ighest power frequency voltage should be satisfied;

he fittings should be interchangeable for ease of line maintenance;

he fittings should also have provisions for live line ‘maintenance such as holes|and
otches on yoke plates.

S = 1 =5 T < 0O —

Othgr general requirements for transmission line fittings ‘can refer to IEC 61284.

8.6.2 Type and design features of link fittings, vibration dampers, spacers
8.6.2.1 MSC joints

Gengral requirements for link fittings can refer to IEC 61284.

8.6.2.2 Spacer
As al key component of protective fittings, spacer plays four main roles in the transmission| line:

— gdrevent the collision of sub-conductors caused by short circuit current;

7))

uppress the subspan oscillation;
— reduce the severity of aeolian vibration;

— f|x the relative positions of sub-conductors in a bundle.

The |spaeers are divided into rigid spacers and flexible spacers. Flexible spacer is ustpally

dividedinto two types according to their damping forms: rubber damping and spring damping.
It islappropriate to select rubber spacer damper, which are effective in restraining aeilian

vibration and subspan oscillation.

Since UHV transmission lines are more liable to have oscillation problems in comparison to
other ratings, damper spacers are required to be adopted. The damper spacer should be
unequally spaced and asymmetrically arranged.

The general requirements of spacers can refer to IEC 61854.

8.6.2.3 Vibration damper

The general requirements of vibration damper can refer to IEC 61897.
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Experiences of various countries on anti-vibration measures for conductors and earth wires of
UHYV transmission lines can refer to Annex F.

9 Earth wire/OPGW selection

9.1 General

In addition to the purpose of lightning protection, earth wires can also reduce secondary arc
current, power frequency overvoltage of asymmetrical short circuit, interference to other
communication lines, and can serve to carry optical fibres. The selection of earth wire should
mee[the mechanical, electrical and other requirements.

9.2 | Type of earth wire/OPGW

In general, galvanized steel strand and aluminium clad steel strand are commonhly used for
overhead earth wire. As for UHV AC transmission line, aluminium clad . steel stranfl or
composite strand were widely used for OPGW.

The| common structural types of OPGW are aluminium tube, stainless steel tube [and
aluminium skeleton.

IEC p0794-4-10 shows more details about the general reguirements and test methods of
OPQW.

9.3 | Design Criteria/Requirements Specific to UHV Lines

See|Annex G for more regulations on earth wireswef UHV AC transmission line. It should meet
the flollowing basic requirements:

|
7

trong overload capacity;

|
<

ibration protection;
ood electrical performance;

|
«©

|
-

pquirements of thermal capagity in terms of short circuit current and OPGW shunt curfent;
— the corona of the earth wire needs to be checked;

— gxcellent optical communication performance;

(7))

ufficient lightning resistance;

ood vibration.resistance and corrosion resistance.

(@)

NOTHE The UHV,fransmission line has relatively larger span and higher suspension point of conductor/earth|wire,
whicH increases.the severity of aeolian vibration and thus needs to be carefully designed in terms of anti-vibrpation.
The materjal of earth wire should have good corrosion resistance. Typically, aluminium clad steel strand is a|good
choicp for, OPGW.

9.4 —Induced voltages on earth wire

The magnitude of the induced voltage of earth wire is related to system unbalance,
transmission power, segment length of insulated earth wire and the arrangement of
conductors and earth wire, etc. Induced voltage in earth wire may cause energy loss and
reduce the life of earth wire. Because of the high voltage level of UHV transmission line, the
influence of earth wire loss will be more significant.

Some measures can be taken to reduce the induced voltage of earth wire for UHV
transmission line, such as sectional insulation of earth wire, increasing the diameter of earth
wire and double split earth wire.
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10 Tower and foundation design

10.1 General

Towers are the vital component of overhead transmission lines and constitute a major portion
of the total capital cost of transmission line. Towers are the main support structures for
transmission line conductors carrying power. These are designed such that all the electrical
clearances are maintained and all climatic and self-loads under different conditions on various
components like conductors, earth wires, insulators, hardwares and on tower body are
sustained to the desired levels of reliability, security and safety. As number of overhead lines
over period of time have increased, public has become more conscious of the environmental
imp4dct of towers including land use and aesthetics. It is important to look into these asgects
on gase to case basis specially in case of UHV overhead lines where towers are large|and
tend|to occupy larger portion of land besides increased right of way/corridor requirements|due

higher electrical clearances.

Foumdation of a transmission line structure plays an important role in safety’and satisfagtory
performance of the structure as it transmits mechanical loads of the electrical transmigsion
system to earth. Transmission line foundations are the interlinking component between the
support and the in-situ soil and/or rock. However, unlike the other ‘major components |of a
trangmission line, they are constructed wholly or partly in-situ/n-a natural medium whose
charpcteristic geotechnical properties may vary in different, locations depending dipon
geolpgical, terrain and other different locational/site conditions. A transmission strugture
needs to have a sound and safe foundation to effectively: perform the functions for whith it

has

been designed.

As WHV transmission systems generally carry lafge amount of power and any momentary
outage in such systems tend to have important bearing on the reliability and stability of the
trangmission grid, the transmission line towers™feed to have appropriate tower configuration

and
See|Annex C for more detail of construgGtion practice of foundation and tower.

10.2| Tower classification

10.2l1 General

geometry and should be designed with-high levels of reliability.

Transmission line towers are broadly classified or designated based on condyctor

confjguration, constryctional features, line deviation angles etc.

10.2l2 Conductor configuration

In general,sdepending upon transmission line voltage level and number of circuits, vafious

confjguration of towers are possible and adopted world-wide. These include mainly:

a)

Vertical or Barrel type configuration: Such type of configurations, involving veitical
arrangement of phase conductors, are prevalent in single circuit, double circuit as well as
multi-circuit transmission lines. In case of single circuit tower configurations, while the top
phase is placed either on a crossarm projecting from one side of tower or on tower cage
itself (in case of tension structures), the bottom two phases are placed on crossarms
projecting from either side of the tower. In case of double circuit or multi-circuit towers,
each of the phases of the towers are placed in vertical formation on crossarms projecting
from either side of the tower. See Figure 1, Figure 2, Figure 7 and Figure 9.

Horizontal or Wasp Waist type configuration: In such type of configurations, phase
conductors are placed horizontally at the same level on the boom of the tower. See
Figure 3 and Figure 8.

Delta or Cat Head configuration: Such type of tower configurations are characterised by
racket like head where phase conductors are placed in delta formation. See Figure 4.
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d) H-Structure Configuration: Such configurations consist of two separate tower bodies
connected with a boom at the top to hold the phase conductors, generally in a horizontal
formation. See Figure 5 and Figure 10.

e) Danube or Double-delta Configuration: Such type of configuration has two crossarms.

While the upper crossarms carry one phase on each side, the lower crossarms carry two
phase on each side such that the phase conductors of each circuit are arranged in delta

formation. See Figure 6.

S
Figure 1 — Typical single cir@sh vertical configuration tower

IEC

Figure 2 — Typical double circuit vertical configuration tower
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IEC b(‘V(L
Figure 3 — Typical single circuit horizontal configurqg'bn tower

QQO IEC
Oé) Figure 4 — Typical single circuit delta configuration tower

NS
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Figure 5 — Typical single circuit H-type tower
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Figure 6 — Typical double circuit danube configuration tower
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Figure 7 — 1 200 kV single circuit vertical configuratiorbw‘ er

S

IEC

xO
Figure 8 — 1 2&?@/ single circuit horizontal configuration tower

IEC

Figure 9 — 1 200 kV double circuit vertical Configuration tower
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IEC

Figure 10 — 1 200 kV single circuit H-type tower (for gantry)

In case of UHV overhead lines, which are generally single or double.circuit, keeping in yiew
the fower geometry and hexagonal/octagonal conductor-bundle requifements, the prefgrred
type| of configuration of towers is horizontal/delta (for single cifcuit lines) and verticall (for
double circuit lines).

In view of higher reliability requirements for UHV lines, tower configurations with more than
two gircuits should be avoided.

10.213 Constructional features

From constructional point of view, the overhead line towers are generally classified as [self-

orting towers or guyed towers.

Jelf-Supporting Towers: Self-supporting lattice steel towers are generally fabricated
sing steel sections or steel tubes*of tested quality. The material used is generally [mild
Jteel having yield strength of about 250 MPa and high tensile/micro-alloyed high strejngth
dteel having yield strength oft350 MPa or above. These towers are designed either brpad-
hased or narrow-based depending upon requirements and site conditions/constriants.
hile broad based selfisupporting towers usually have square/rectangular base with|four
deparate footings, warrow based towers may have combined monoblock foolings
depending upon everall economy. Steel monopoles which are sometimes used in EHV
dlass lines may ;not be techno-economically suitable or feasible due to heavy [load
requirements.

b) Guyed Towers: Guyed towers are those that combine rigid elements such as lattice
heams,<masts or frames with pre-stressed guy wires resulting in stable economic|and
Jtructural systems. These towers tend to consume lesser steel vis-a-vis self supporting
twers Guyed towers are generally used as suspensmn supports and for other support
fun ents
proposed among the r|g|d elements and the wires, guyed supports can be of V-Guyed
Type, Portal Guyed Type, Cross-Rope/Chainette Suspension type, Lattice Guyed
Monomast. As guyed towers including guy anchors occupy much larger land as compared
to self-supporting towers, these types of towers find application in long unoccupied, waste
land, bush tracts etc in plain terrain and may not be advisable for towers in agricultural
fields, large inhabited areas and in hilly terrains (where placement of guys is difficult and
impractical).

For UHV class overhead transmission lines, self-supporting towers have been mostly used.

10.2.4 Line deviation angle

Transmission line is generally routed cross-country from one place to another, passing
through different areas, terrains and constraints. As route of transmission line is seldom
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straight, to optimize the cost and as part of standardization to have manageable number of
designs, towers are further divided into (a) Tangent (also called suspension) and (b) Angle
(also called tension) towers.

a) Suspension or Tangent Towers: The main function of these towers is just to suspend or
support the conductors in alignment or with small line angles. These towers are used on
the lines for straight run or for small angle of deviation. Conductor on suspension towers
may be generally supported by means of I-String,V-String or Y-String.

b) Anchorage or Tension Towers: In such type of towers, conductors are anchored using
tension insulator sets. Generally, these towers are designed to support maximum design
conductor tension. Tension towers are used at locations where angle of deviation exceeds

that permissible on suspension towers and /or where the towers are subject to upliftiloads.

These towers are used according to the angle of deviation of line.

10.2l5 Tower extensions

Transmission line towers are generally designed so that suitable height bodylleg extendions
can |be added standard height towers without reducing strength/safety factor in members.
Thege extensions are generally required and decided during tower spotting and optimisation
of locations to maintain adequate clearances to ground and other obsfructions along line rpute.
The |extensions can be of standard heights such as +3/+6/+9 meter-etc. as per prudent (tility
practices. During crossing of overhead line with other overhead ine or railway line or yfoad
highvays, rivers etc., higher extension towers viz. +12/+18/+25/+30 m etc. or special rowers
are [required to be used and these should be designed ‘a€cordingly besides taking qther
spedific measures as per Regulations/prudent practices in-different countries.

10.2l6 Specific requirements

a) Transposition Towers: Transposition towers:are used to transpose the phase condugtors
in three sections in such a way that eachphase by rotation occupies each of the three
phase positions in a circuit. Generally. trahsposition of phases are required for the|line
length above 100 km or as per system studies. While carrying out the transposition
drrangements, availability of adequate electrical clearances should be ensured.

b) §pecial Towers: These towers_are used at locations such as those involving long $pan

q
river and valley crossings, cable’' termination towers, etc. which are specially designgd to
meet the site specific requirements.

10.3 Tower design
10.311 General

Transmission line.towers are designed according to IEC 60826 and relevant Regulations|and
Natipnal/International standards of respective countries, based on primary line design data
and pvailableg climatic data.

The ftower/design methodology should generally be as follows:

10.3.2 Selection of tower geometry based on electrical clearances

Primary objective of transmission line tower is to maintain safe electrical distances. Based on
electrical clearances and circuit requirements a suitable geometry of a particular classification
or type of tower is chosen. Sometimes tower geometry is also decided considering other
requirements like narrow base available for construction and reduction in ROW. For higher
altitudes clearances requirements do increase as per relevant standards and hence for such
cases new towers are designed suitability.

As the transmission line voltage in case of UHV class transmission lines is much higher, the
requirement of ground clearance, live metal clearances, mid span clearances, length of
insulator strings, earth wires etc., also increased, and these are important parameters for
deciding tower geometry.
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10.3.3 Calculation of loads on tower

The overhead transmission lines are subjected to various loads during their life span which
are generally classified into three distinct categories:

a) Reliability requirements: Climatic loads under normal condition

IEC 60826 specifies three different reliability levels for design of transmission lines i.e.
Reliability Level-1 (corresponding to 50 years return period loads), Level-2 (corresponding to
150 years return period loads) and Level-3 (corresponding to 500 years return period loads).

In cgseof UHVtramsmrissiomtimes; the desigmshouldbe dome for appropriate Tetabitity tgvels
condidering importance of the transmission line and/or to meet the specific requirements in
respgective country.

b) Security requirements: Failure containment loads under broken wire condition

Thege requirements correspond to measures intended to reduce risk()of uncontrollable
progressive (or cascading) failures that may extend well beyond an (nitial failure. Anchor
towdrs should be designed for Anti-cascading condition.

c) $afety requirement based on mandatory regulations, construction’and maintenance loads

Loads on tower under normal conditions are mainly based,'on wind speed/pressures| ice
accymulation (if any), spans, reliability levels, size and weights of components (e.g. conductor,
earth wire, insulator etc.)

The |wind speed is considered as per wind map or wind data of the area as per prevdiling
regullations/standards of respective countries/regions.

Wing pressure should be calculated considering reliability level, terrain category as| per
IEC 60826 or relevant standards. Factors”like gust, drag coefficient etc. are considered
depegnding on height, size as per the standard requirements. The point loads in each condjtion
are ¢alculated and combination of loads as per the standard specifications and provisiong are
gengrated.

For |ce loads also, the estimation of icing and calculation of loads should be done basef on
available climatology data.folfowing the criteria stipulated in IEC 60826.

For design, the loading calculations are followed by determination of strength coordination
amohgst line compenents, selection of appropriate load and strength factors, calculatign of
charpcteristic strength requirements of components and design of line componenty for
respgective strength requirements.

10.3{4 , ‘Analysis using software

TransSmisSsion tOwer 1S an indeterminate structure and calcaiation of member forces i1s done
through solving stiffness matrix. Tower is modelled and analyzed for the given loading
conditions in the software. On the basis of analysis, forces in each member are evaluated
under different loading conditions and accordingly the size/sections of the members are
selected for every tower component. After design, single line diagram showing dimensions
and various section sizes is developed. Based on single line diagram detailed structural
drawings showing connection details etc. are developed. Based on these structural drawings
component drawings (shop sketches) are developed. Tower fabrication is done according to
these shop sketches and prototype assembly of tower is done to ensure smooth fitting. In
case there are certain changes required during proto assembly and full scale testing, the
same are incorporated in the final drawings/documents.
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10.3.5 Full scale tower testing

Transmission line tower is a complex structure made of many elements and safety of all the
elements/members is essential for safety of the tower. As such designs developed on basis of
computer analysis they have to be verified and validated by full scale tower testing. A full
scale prototype tower as per design is assembled and subjected to various combinations of
loads in a test bed. Suitability of fabrication is also established through tower testing. The

testi

ng is done as per IEC 60652.

Transmission line towers are repetitive structures and hence these are normally standardized
and used like a product. Each type of tower is designed, tested and then is used as per the

requirements.

Bas¢d on respective country specific requirements, full scale tower testing can(e’om

whe
relia

10.3[6 Tower design methodology

The

1) Collection of primary line design data and available climatic-data.

2) $Selection of reliability level.

3) $election of security requirements.

4) Selection of safety requirements based on mandatory regulations, construction
maintenance loads.

5) Calculation of loads based on the reliabilitygsecurity and safety requirements

6) Determination of strength coordination amongst line components

7) $election of appropriate load and strength factors

8) Calculation of characteristic strength’requirements of components

9) Design of line components for.dbove strength requirements

n employing the design and analysis methods, which are considered to.have eng
pility for ensuring the strength of towers through previous tests or experiences.

broad tower design methodology should be as follows:

itted
ugh

and
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Figure 11 — Tower design methodology
10.4{ <Foundation design

10.4.1 General

Generally, foundations for buildings, etc. are subjected to large dead loads (mass) which
result mainly in vertical compressive loads. The allowable movements of the foundations
which support these types of structures are limited by the flexibility of the supported
structures. Conversely, the forces acting on overhead transmission line foundations are
typically due to overturning moment as a result of transverse, longitudinal and vertical loads
of towers under different conditions.

In the case of separate foundations, individual foundation loads become a combination of
uplift, compression and horizontal shear loads. These foundation loads arise primarily from
dead load and a combination of wind and/or ice action on both the conductors and the support.
The allowable displacements of the foundations must be compatible with the support types
(lattice tower, monopole and H-frame supports) and with the overhead line function. Criteria
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for the damage and failure (ultimate strength) limit states for foundations, the relationship
between characteristic strength and nominal strength of foundations, strength coordination
between components and the methods of calculating the characteristic strength of the
foundations (based on normal distribution) should be as per IEC 60826 or other country
specific Regulations, standards, practices etc. The overhead transmission line tower
foundations should be designed accordingly.

Transmission lines pass through different areas and terrains having soil/rock strata of
different nature and variable local conditions. Yet conducting detailed geotechnical
investigations for each and every location of a long transmission line and designing location
specific foundation design is normally not practically feasible. As such, it is common practice
to categorize and classify the types of foundations based on different nature of soil/rpcks
(cohesive, non-cohesive, clayey, sandy, fissured rock, hard rock etc.) and other| soil
conditions (dry, wet, submerged etc. depending upon ground water and submergénce
conditions) and prepare typical standard designs of these foundations for different typas of
towdrs considering typical soil properties and conditions. During construction-stage, adoption
of appropriate foundation type/design is decided based on available soil-data and detailed
investigations carried out at selected locations. For important tower locations (such as power
line j[and other critical crossings, heavy angle towers, towers located in-rivers/water bodies,
marghy areas etc.), detailed geotechnical investigations are carried out at the parti¢ular
locafion and location specific foundation designs are developed agcordingly.

The jtypes of foundations described in 10.4.2 to 10.4.4 are normally provided for transmigsion
line fowers depending on soil conditions, magnitude of loads, type of towers, etc.

10.42 Open cast type foundations

Opep cast foundations are generally concrete padiand chimney type and are commonly Used
for qverhead transmission line towers. Alternatively, steel grillage type foundations are [also
useqd in some countries. Normally open.cast foundations are designed based on| soil
conditions and parameters considering ultimate foundation loads that are acting at the tpwer
basg (along the tower slope) viz. Downthrust (Compression), Uplift (Tension), Transverse
side|thrust and Longitudinal side thrust:

The |magnitude of limit loads forifoundations should normally be taken minimum 10 % higher
than|those for the corresponding towers. During design of foundations, the stability checkp for
appriopriate safety during“-uplift, compression/bearing, sliding and overturning of| the
foundations are usually, conducted besides the structural design of concrete/steel raft|and
chimney.

There are different categories of foundations which are designed depending upon the level of
watgr table, soiltype and its properties. The depth of these open cast foundations is genefrally
3 to|6 m. Incase of aquifers are presented at lower depth below ground level and dewatgring
of fqundation is very difficult and time taking. In such a case, shallow depth foundation |with
2-2,% mydepth or raft foundation can also be designed.

10.4.3 Raft type foundations

A raft foundation, also called a mat foundation, is essentially a continuous slab resting on the
soil that extends over the entire footprint of the tower, thereby supporting the tower and
transferring its weight to the ground. A raft foundation distributes the weight of the tower over
the entire area of the tower, and not over smaller zones (like individual footings) or at
individual points (like pile/pier/well foundations). This reduces the stress on the soil.

These foundations are generally used under the following circumstances:

a) Low bearing capacity of soil.
b) Base of the tower is narrow.
c) Loads from tower are exceptionally high.
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d) Infringement of isolated foundation due to narrow base width.
10.4.4 Deep foundations (Pile/Well/Pier/Steel Anchor type)

Deep foundations such as pile/well/pier/steel anchor type are also used in some countries
depending upon site conditions, soil parameters, tower load requirements and prevailing
construction practices.

These types of foundations are also recommended for transmission line towers located at the
bank/mid-stream of river/water bodies or in the zone of where there is probability of scouring
of soil around foundation. In such cases the individual well/pier or a group of piles are
congdiructed up to b0 m deep in the ground and are designed such that the loads iron| the
supqr structure are transferred to deep strata of soil safely.

11 Environmental considerations

11.1] General

The|UHV AC transmission line is a system with high environmental performance which
enabyles to transmit bulk power with low loss. On the other hand, ,the use of high voltage|and
large equipment may cause other environmental impacts as deseribed in following clauses,
thus| appropriate measures should be taken to suppress them. at the design stage. It is |also
necgssary to satisfy the requirements in accordance with retévant regulations of each country
and/pr region.

This|Clause 11 describes the impact of UHV AC transmission line on the external environgent.

See|Annex A for more detail of experimental<results and considerations on environmgntal
performance of UHV AC transmission line”

11.2| Electric field
11.2l1 General

The [UHV AC transmission linéadopts a high voltage and the electric field becomes stfong
accdrdingly. If the route is)located in a place where the public may enter or near a
communication line, appropriate measures should be taken as necessary.

11.2l2 Reference’level of electric field

See|ICNIRP "Guideline on limiting exposure to time-varying electric and magnetic fields (| Hz
to 100 kHz)™2010". According to this, the reference level of the electric field for ppblic
expgsure «iss5 kV/m at 50 Hz and 4,2 kV/m at 60 Hz. The reference level for occupational
expqgsure_is 10 kV/m at 50 Hz and 8,3 kV/m at 60 Hz. In addition to the above, set the Igvels
of the\fellowing items as necessary:

a) Electrostatic stimulation

When a person comes into contact with an ungrounded metal object which is in the vicinity of
a transmission line, the electric charge of the metal object flows through the human body.
This may cause the human body to feel uncomfortable accompanied by electrical stimulation.
Electrical stimulation is called electrostatic stimulation. For electrostatic stimulation it is
difficult to set the levels, because of individual differences and frequency.

b) Communication failure due to electrostatic induction

When a communication line is located in parallel with and in the vicinity of a transmission line,
a current due to electrostatic induction is generated in the communication line. Therefore,
induced current should be restricted in consultation with the communication line administrator.
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¢) Induced voltage

When a communication line or a metal wire for a fence is located in parallel with and in the
vicinity of a transmission line, a voltage is induced by a fault current or a load current of the
transmission line. Therefore, induced voltage should be restricted in consultation with the
facility administrator.

d) Malfunction of electronic devices due to electromagnetic field

Electronic devices may also malfunction if exposed to strong electromagnetic field. Therefore,
both measures to reduce an electromagnetic field and to increase the resistance of devices

are me&wwwmw for
detajls.

11.2l3 Prediction of electric field

Electric field generated by a transmission line is predicted using the methods indicatdd in
IEC 2110:2009, Annexes A and B.

Electric charge of metal objects in the electric field, current when human body comes|into
contpct with the metal object, and the current induced in the communication line should be
obtajned by numerical calculation or experimental results.

11.24 Mitigation measures of electric field

In cases where influence by the electric field is predicted, the following measures shoulfl be
takeh appropriately to mitigate it:
— ihcrease the height of conductor;

— fpr double-circuit transmission line, adopt reverse-phase arrangement to reduce| the
lectric field on the ground;

M

nstall shielding wires;

dround the metal object or line.s0 as to avoid accumulation of the electric charges|and
flow of induced current throughshuman body;
t
g

hke measures for the communication line. It is often replaced with shielded metal line or
ptical cable.
11.3] Magnetic field
11.3]1 General

The |magneticfield is determined by the current, not by the voltage. Therefore, handling of the
magpetic field is same as for EHV. However, the magnetic field stress on the ground is
smaller than that of EHV when the EHV and UHV currents are the same, because UHV
requjires bigger distances between live lines and surface of the earth due to higher voltags.

11.3.2 Reference level of magnetic field

UHV AC transmission line does not generate a strong magnetic field except special condition,
the guideline provides the reference level of the magnetic flux density of 0,2 mT for the public
exposure and 1 mT for occupational exposure. In addition to the above, set the levels of the
following items as necessary.

11.3.3 Prediction of magnetic field

A magnetic field generated by a transmission line is predicted using the methods indicated in
IEC 62110:2009, Annexes A and B.
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11.3.4 Mitigation measures of magnetic field

The mitigation measures of the magnetic field are the same as the electric field. Therefore,
when influence by the magnetic field is expected, the measures shown in 11.2.4 (Mitigation
measures of electric field) are appropriately selected to mitigate it.

11.4 Corona noise (audible noise with corona discharge)
11.4.1 General

The voltage of UHV AC transmission line is so high that corona discharge is likely to occur
and coroma oise increase accordingty:

If the route is located in the vicinity of living area, it should be necessary to takeymeaspures
that reduce corona noise.

11.4,2 Characteristics of corona noise

Wheln the surface potential gradient of the conductor becomes highjeorona dischardge is
gengrated on the surface of the conductor causing corona noise.

The [condition of corona discharge is mainly determined by the surface potential gradient| but
also|changes by the surface state of the conductor, particularly,in the rain. In case of light|rain
(rain rate of about 0,5 mm/h), many small water droplets<are formed on the surface of the
conductor, and corona discharge is easy to occur from_ the-droplets. In case of heavy rain| the
surface of the conductor is covered with a water film,«and small water droplets are not forged.
But strong corona discharge occurs when rain drops ffom the lower surface of the condugtor.
Corgna noise in heavy rain is larger than in light rain. However, since background noise ig low
in light rain, corona noise in light rain often leads-to complaints.

The [surface potential gradient of the multiple conductors is large in the outward directign of
the pundle. On the other hand, water ,droplets in heavy rain are generated on the Ipwer
surface of the conductor, the main saurce of corona discharge in the multiple conductofs is
the lower conductor where the diréction of the surface potential gradient and water droplets
coingide with each other.

Corgna noise is a mixture “‘of random noise and hum noise. The random noise is impulse
sound when energy is.released into space by corona discharge. It is white noise with a wide
freqliency band. Thé jhum noise is generated when ions emitted into space by cofona
discharge are excited by the AC electric field in the vicinity of the conductor, and perjodic
prespure fluctuation when ions collide with neutral molecules is heard as sound. This sound is
a loy frequency-where the commercial frequency and its double wave are dominant. WWhen
comparing the/noise levels of random noise and hum noise, random noise is usually loud.

The [corona noise generated from a single conductor shows the attenuation characteristi¢s in
invetse plup\.utiuu to—the—distance: Huvvcvcl, as—for-the—htm ||u;ac, stnrce—itis—sotndof-s ngle
frequency, waves generated from each conductor and waves reflected by the topography are
superimposed, the noise level fluctuates due to the phase difference.

11.4.3 Reference level of corona noise

The tone and discomfort of corona noise are different from those of ordinary noise, and it is
difficult to evaluate corona noise just by the noise level. It is to investigate the relationship
between corona noise and complaints on existing transmission lines, and to set reference
level to be lower than the noise level accepted by the public at the site where corona noise
actually occurred.

Since corona noise fluctuates irregularly, Lg (noise level when the time ratio exceeds 5 %),
Lgo (median noise level), Leq (energetically averaged value of noise level), Ly, (energetically
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averaged value with noise level corrected by +10 dB(A) only at night) are useful in order to
examine the relationship between noise level and complaints.

According to the examples of each country, the Lg, below the conductor or several 10 m
outside it at the time of heavy rain is often set at about 50 dB(A) to 55 dB(A), and complaints
are received for corona noise higher than that. When a transmission line pass through areas
with low background noise, strict reference level should be set.

11.4.4 Prediction of corona noise

surfaice condition of the conductor, the distance from the sound source, and the li
obtajned in advance using numerical calculation or through experiments using corona cagde or
a test line. At this time, the conditions of light rain and heavy rain are required as the surface
condition of the conductor. For information on a corona cage and a test ling),see 52 of
CISPR TR 18-1:2017.

By dombination of the information above with rain data of the route, the level and probapility
of cqrona noise could be predicted.

11.4{5 Mitigation measures of corona noise

If cpmplaints about corona noise are received or anticipated, the following mitigation
meapures can be adopted.

dopt multiple conductors to suppress the surface* potential gradient. For the stangard
oltage of UHV AC transmission line, the corona noise would be mitigated to cause
ractically no problems by eight conductors..for more severe conditions, the number of
onductors are increased. However, as the\measure have significant effect on the tower
eight and foundation volumes, number&of conductors should be judiciously selected
eeping cost into consideration.

T <000 <

is effective to narrow the spacingZof only the lower conductors to suppress the surface
otential gradient. The effect is séveral dB(A), but the cost of the measure is small.

[ it is necessary to reduce corona noise as a post-construction measure, install additional
ire between two conductors' on the lower side of the multiple conductors in the required
ection of the span to sUppress the surface potential gradient. The corona noise would be
nitigated several dB(A). In this case, the significant increase of tension load on the tpwer
an be prevented by-suspending the wire with spacers for conductors.

O 5 0 < — 5 —

11.5] Radio interference with corona discharge

11.5(1 General

Simijar to ‘corona noise, radio interference is likely to occur caused by the high voltage of
UH\ AC transmission line. When the public uses mid-wave radio broadcasts in the viciniry of
the noute it should he necessary to take measures to prevent radio interference

11.5.2 Characteristics of radio interference

See Clauses 4 and 5 of CISPR TR 18-1:2017.

When corona discharge occurs on the surface of the conductor, a current pulse is induced in
the conductor as the charge moves. The pulse radiates radio noise wave as it propagates
through the conductor.

There are two types of corona discharge, positive corona and negative corona. The positive
corona has high contribution to radio interference. The frequency characteristics of the
positive corona show 1/f at 1 MHz or less, 1/f2 at 10 MHz or more, and the negative corona
shows 1/f at several MHz or more. Therefore, AM broadcasting using medium waves is most
susceptible to radio noise.
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As the source of the radio interference is corona discharge, the effect of rain is same as
described in corona noise. Radio interference increases with intensity of rain up to about
10 mm/h.

Since the current pulse due to corona discharge propagates far away, the radio interference

may

11.5

See

occur even if it rains far from the observation site.

.3 Reference level of radio interference

Clause 5 of CISPR TR 18-2:2017 and Clause 5 of CISPR TR 18-3:2017.

The [reception quality of the radio is determined by the ratio of the signal level, of

bro

cast to the noise level (SN ratio). For AM broadcasting, the acceptable receptionqu

the
ality

can pe obtained when SN ratio is approximately 20 to 30 dB, but it is desirable_to [determine

the feference level by conducting experiments because the feeling differs depending on
perspn. In case of FM (frequency modulation) broadcasting, since it has a characteristic th

stro
nois

11.5

See

The
type

11.5

See

Wheln radio interference is anticipated,sappropriate measures should be taken to reducs

nois
mult

Sinc
doeg

11.6)

Wind noise is generated from all parts of a transmission line, but wind noise from a condt

and
The
becs
posi

ger signal masks others, the reception quality would be maintained by, suppressing
b |level less than signal level.

4 Prediction of radio interference

Clause 5 of CISPR TR 18-1:2017 and Clause 7 of CISPR. TR 18-3:2017.

radio interference is obtained by experimental formulas according to voltage, condd
and arrangement, the surface state of the conductor and the like.

5 Mitigation measures of radio interference

Clause 4 of CISPR TR 18-3:2017.

. Similar to corona noise, it is\effective for radio interference to take a measurn
ple conductors, arrangement of\the lower conductors and additional wire.

e the current pulse dueste-corona discharge propagates over several km, any mea
not effect enough unless it is applied to wide range.
Wind noise

an insulator-lead to complaints especially, because a specific frequency would domir
UHV AC fransmission line tends to generate louder wind noise than lower voltage ¢
use multiple conductors and large insulators are adopted, and they are in high and w
iofNx

the
at a
the

ctor

the
e of

sure

ctor
ate.
lass
indy

If the route is located in the vicinity of living area, it is necessary to take measures that reduce
wind noise.
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Annex A
(informative)

Experimental results and considerations on environmental performance

A1

of UHV AC transmission lines in different countries

General

Main experimental results and considerations on environmental performance of UHV AC

tran
Clau

A.2

A.2.

Table A.1 gives the design limits for radio interference for AC transmission lines in China.
ence frequency is 0,5 MHZ and the reference distance js 20 m beyond the horiz¢ntal
projgction of the side phase conductor.

refe

A.2.

The

are also implicitly specified in many-ocal laws.

Alth
trang

to limit the environmental noise. The audible noise limits of transmission lines should H

acc(g

Envi
qual

bmission lines in different countries are respectively given in Clause A.2 (Ch
se A.3 (India) and Clause A.4 (Japan).

Experimental results and considerations on environmental performanc
UHV AC transmission lines in China

( Radio interference

Table A.1 — Design limits for radio interference in China

Voltage (kV) 1000
Limits (dB) 58

P Audible noise

design limits on audible noises from transmission lines vary from country to country. ]

pugh China and other ¢ountries have no standards for audible noise limitatio

rdance with the.logal environmental noise limits.

onmental quality criteria for noise in China is formulated with a view to ensuring thq
ty of urpan residents. It applies to urban areas, and can be used as reference for

na),

b of

The

[hey

h of

mission lines, the local environmental protection authorities have formulated standards

e in

life
rural

areals. The-limits on environmental noises in the five categories of areas in cities specifigd in

the 4

tandard are given in Table A.2.

Table A.2 — Criteria for environmental noises in the five categories
of areas in cities (dB (A))

Category Day Night
0 50 40
1 55 45
2 60 50
3 65 55
4 70 55

NOTE 1 Category-0 areas refer to those such as sanitaria, luxury villas, and high standard hotels where quie
is specially required.

tness
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NOTE 2 Category-1 areas refer to those where residential buildings and cultural and educational offices are
located. Standards for this category of areas can be used as reference for rural areas.

NOTE 3 Category-2 areas refer to mixed areas of residential areas, business and industry.
NOTE 4 Category-3 areas refer to industrial areas.

NOTE 5 Category-4 areas refer to those on both sides of trunk roads in cities and those on both sides of inland
river channels passing through urban areas.

UHV transmission lines in China mainly pass through non-residential areas such as barren
hills, woodlands or agricultural areas, which are classified in the category-2 areas referring to
the noise limits listed in Table A.2. The audible noise Lz, of UHV AC transmission lines
shoyld not exceed 55 dB(A).

A.2.B Electric field

Basg¢d on the design and operation experience of UHV transmission lines in China; the linpit of
the maximum electric field in residential area and non-residential area is 7 k\V/m and 10 KV/m
respectively. For some sparsely populated non-agricultural areas, the limit iean be increased
to 12 kV/m.

A.3| Experimental results and considerations on environmental performance of
UHV AC transmission lines in India

A.3.1 Electrical Clearances from buildings, structures;.etc.

In Irjdia, horizontal and vertical clearances for transmission lines from buildings, structyres,
etc. [are determined based on country regulations. Fer’ 1 200 kV UHVAC line, the clearances
are as follows:

a) Horizontal clearance: 12,8 m;

b) ertical clearance: 14,5 m.
A.3.p Electric field

Basg¢d on ICNIRP Guidelines, maximum Electric field at 1,8 m height from ground is limited to
10 KV/m and electric field at edge of right of way, at 1,8 m height from ground, is limitgd to
5 kWm.

For {| 200 kV UHVAC line in India, the values of the maximum electric field and electric fie]d at
edge of right of way.are as follows:

a) max. electriefield at 1,8 m height from ground: 9,8 kV/m;

b) glectric field at edge of right of way (at 1,8 m height from ground): 4 kV/m.

A.3.B Radio interference

For ensmission

40 dB/pV/m.

Lin
T

H L SRVYP- S VI [H H 3
HesS—i T vvay S—HHT d tO

For 1 200 kV UHVAC line in India, radio interference at edge of right of way is 31,3 dB/pV/m.

A.3.4 Audible noise

For transmission lines in India, L5 audible noise levels at edge of right of way is limited to
58 dB(A) and L50 Audible Noise levels at edge of right of way is limited to 55 dB(A).

For 1 200 kV UHVAC line in India, audible noise levels at edge of right of way are as follows:

a) audible noise (L5 level): 58 dB(A);
b) audible noise (L50 level): 53,8 dB(A).
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A.4 Experimental results and considerations on environmental performance of

UHV AC transmission lines in Japan

A.4.1 General

UHV AC transmission lines in Japan are designed for environment in consideration of
following items.

A.4.2 AN (audible noise)

a)

Refdrence level for AN is set as 50 dB(A) or less in light rain at a point of 3m outside u
the ¢onductor. The setting basis is as follows:

AN i calculated using following empirical formulas.

P(Gj| n, d) is an experimental value of AN obtained by corona cage. Many experiments
been conducted to obtain data on various conductor configurations.

Reference level

n Japanese environmental regulations, the reference level for areas- that reg
specially silence is set at 50 dB(A) during the day and 40 dB(A) during|the night
able E.4);

=l D =

referring to operation results of 500 kV AC transmission lines;<no complaints
qccurred at points where AN is 52 dB(A) (case of 410 mm2 x 4 witthspiral rod) or 49 d
(tase of 240 mm?2 x 4).

g sound insulation effect of a typical house is about 15 dB(A), and the reference levg
night is satisfied with the effect.

Rrediction methods

nder

uire
see

nave
B(A)

| for

nave

A.1)

A.2)

£y =10log 10710
P = P(Gj,n,d)—10logy

whefre
Pt is the AN totalling all P, [dB(A)];
P; is the AN of i-th conductor (phase) [dB(A)];
P(Gj| n, d) is theexperimental value of AN determined by G;, n, d [dB(A)];
G; isthe surface potential gradient of i-th conductor [kV/cm];

is the number of sub-conductors per phase;

is the diameter of sub-conductor [cm];
ri is the oblique distance between conductor (phase) and measuring point [m].
c) Mitigation measures

The following measures are taken to reduce AN below the reference level:

The conductor configuration of 8 x 610 mm?2 or more is adopted. See B.4.1 a) for detai

Is.

For places where residences exist within 300 m of transmission line or where development

is expected in the future, the tower configuration with wider phase interval than usu
adopted to reduce the surface potential gradient of conductors.(+2,5 m)

al is

If complaints still occur even after taking these measures, asymmetric conductor

arrangement or additional wires will be adopted.
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A.4.3

RI (Radio Interference)

a) Reference level

In the vicinity of transmission line, ratio of broadcast electric field intensity to radio noise
intensity (S/N ratio) is set as 20 dBuV/m or more, or radio noise intensity is set as 60 dBuV/m
or less. In either case, radio noise intensity is predicted under light rain conditions. The
setting basis is as follows.

— According to the experiment, several percent of people judge radio reception quality as
"noisy and unacceptable" when S/N ratio is 20 dBuV/m. Also, the incidence of light rain
causing bad radio reception quality is only 1 % of the year.

— Referring to operation results of 500 kV AC transmission lines, no complaints

qccurred at points where radio noise intensity is 60 dBuV/m (case of 410 mmZ2 x 4.

b) Rrediction methods

Rad{o noise intensity is calculated using following empirical formulas. Np IS -Calculateq
phase and the maximum value is used for design.

each

N Nm_NO

= +NO
P (al p)-(2,53/d)2 +1

N,, =10,5G, -0,25G, —31+40log(2,53 / )+ 20log(10k / D?)-12(log £ )* ~17log f
N,, =9,5G, —0,16G,? —50,5 + 40log(2,53 / d)+ 20log(10/ / D*)-12(log f* ~17log f

o = 046Gy a” | Gy +3,72

is the radio noise intensityswhen rainfall intensity is p [dBuV/m];

is the maximum radio(ngise intensity in rain [dBuV/m], in case of G, < 17 kV/cm;
is the radio noise intensity when rainfall intensity is 0 [dBuV/m];

is the rainfall intensity = 4 [mm/h];

is the diameter of sub-conductor [cm];

is the vertical downward surface potential gradient of lower sub-conductor in bundle
[kV/cm];

is the vertical distance between conductor and measuring point [m];

nave

i for

A.3)

A.4)

A.5)

A.6)

isthe oblique distance between conductor and measuring point [m];

h
D
f
G

max

is the frequency = 1 [MHz];
is the maximum surface potential gradient [kV/cm].

c) Mitigation measures

When mitigation measures for AN are taken, the reference level for Rl is satisfied.

A.4.4

EMF (Electromagnetic field)

a) Reference level

Electric field is set as the value shown in Table A.3 or less at 1m height around transmission
line. The setting basis is as follows.
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The value of category A is as required by regulation.

The value of category B is set as 5 kV/m, which could reduce electric field to 3kV/m by
installing shielding wires even if development around transmission line proceeds in the
future.

The value of category C is set as 10 kV/m, which is assumed to have no effect on human
health.

Figure A.1 shows the results of sensing tests conducted in Japan assuming that a person
is in contact with an umbrella. From this result, when electric field is at 3kV/m or less,

people are rarely made uncomfortable.

The Jreference level of magnetic field i1s as in E.4.5, but the design which considered mag

fieldlwas not performed when UHV AC transmission line was constructed. This is because

netic
the

refefence level is automatically satisfied without any special measures angd‘\because

regulation on magnetic field was enacted after the construction of UHV AC transmission li

Table A.3 — Reference level of electric field and ground height of conductor

category electric field [kV/m] ground height of conductor [m]
A 3 42
B 5 32
C 10 25

catepory A: areas people can enter easily
catepory B: areas people are unlikely to enter but may enter in the future
catepory C: areas people rarely enter

Figure A.1 — Results of sensing tests under transmission lines

b) Prediction methods

ne.

<190 x 100
o L2
= 0 = 80
© Feel almost no = Dont care atall ~ -] Hard
c stimulation 8 y ardly care
o =
2 do 3 60
Q
9 8
= Feel slight stimulation ©
g 4o J g 40
= <
% eel strong stimulati g
2 4o I g stimulation a2 20
-.g Feel stimulation e ‘(E)' Litfle carefbut th's/“
S O at touching RN A & 0 is all right Ry
0 1 2 4 5 6 0 1 2 3 4 5 b
— Feel strong stimulation P Don't want to experience
Electric field (kV/m) and remains for a while Electric field (kV/m) it many times
IEC IEC
(a) Degree to feel (b) Degree to feel

Electric field is calculated using the formula of JIS C 1911:2013, Annex A, Clause A.2, and
magnetic field is calculated using the formula of JIS C 1911:2013, Annex B, Clause B.2.

These are the same as IEC 62110.
c) Mitigation measures
Following measures are taken to reduce electric field below the reference level.

— Ground height of conductor is set as the value shown in Table A.3 or more.
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— Reverse phase arrangement is adopted.
— In the area of category B, shielding wires will be installed in the future when development
proceeds around transmission line.

As for magnetic field, no special measures are taken because the reference level is
automatically satisfied.

A.4.5 Electromagnetic induction interference, Electrostatic induction interference

a) Reference level

Follgwimg—faitures—occur —m—commumicationtimes due to—etectromagnetic—imductiony and
electrostatic induction from UHV AC transmission line, and the reference level is set fors¢ach
communication line operator.

— (Qvervoltage is generated on communication lines due to electromagnetic induction a¢tion
ffom fault current of transmission line, and workers of communication line are’in danger.

- oltage is generated on communication lines due to electromagnetic induction action from
Ipad current of transmission line, and communication quality is degraded.

— Qurrent is generated in communication lines due to electrostatie’ induction action,|and
dqommunication quality is degraded.

$pace electrical potential above poles of communication line increases, and workefs of
dqommunication line feel electrostatic shock.
R

rediction methods
Current generated in communication lines due to glectrostatic induction action is calculated

using the formula of E.4.6. For other values, prediction methods are prepared for ¢ach
communication line operator.

c) WMlitigation measures

Follgwing measures are taken when (voltage or current of communication lines or space
elecfjrical potential above poles of communication line exceeds the reference level.

Reduce ground resistance oflcommunication line.
— (Change the type of communication line to cable with sheath or optical fibre.

— Ipcrease ground height of transmission line.

A.4.6 Wind noise-from conductor

a) Reference level

Wheln wind_nojse exceeds "background noise + 10dB(A)" at dominant frequency, possibility of
lead|ng tov€¢omplaints will increase. However, in case of UHV AC transmission line, the
refefence-level is not used to limit area where mitigation measures are taken to minimum
necgssary, but facilities are designed that measures can be installed when residences 'Exist
within 300 m of transmission line.

b) Prediction methods

Wind noise is calculated using following empirical formulas. a(d, s, n) is an experimental co-
efficient obtained by wind tunnel. It represents the effect that, when two conductors are
arranged in parallel, wake of the upwind conductor interferes with that of the downwind
conductor to generate loud noise.

L =Ly +30logf —39 (A7)

Ly =10log 10410 (A.8)
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4 N
L, = 10log(1012 . Ad:5m)-p-d i (W-siny)” ¢in? . cose)
2.C°.» 2

£=0,2U1d)

(A.9)

(A.10)

is the auditory-corrected Lt with A characteristic [dB(A)], in case of f < 250 Hz;

is the wind noise totalling all Z; [dB];

a(d, s, n)

>

[sthe dominant frequency of wind noise [HZ];

is the wind noise of i-th conductor (phase) [dB];

is the experimental co-efficient determined by d, s, n;
is the diameter of sub-conductor [m];

is the spacing of sub-conductors [m];

is the number of sub-conductors per phase;

is the air density = 0,125 [kg/m3];

is the Strouhal number = 0,2;

is the wind speed [m/s];

is the wind direction to conductor [deg];

is the sonic speed [m/s];

is the oblique distance between conducter(phase) and measuring point [m];
as in Figure A.2 [deg];

as in Figure A.2 [deg].

IEC

Figure A.2 — Symbols related to wind noise prediction formula

c) Mitigation measures

If wind noise occurs in actual and it leads to complaints, spiral rods are installed to
conductors. In addition, when complaints are expected in advance, conductors of low-noise
type (see B.4.1) are adopted.

A.4.7

Ice and snow falling from conductor

a) Characteristics of ice and snow falling of UHV AC transmission line
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Although ice and snow fall from every part of transmission line, ice and snow falling from
conductor lead to complaints because it scatters in wide range around the route. In case of
UHV AC transmission line, in particular, complaints tend to increase for following reasons.

— As a result of adopting multiple conductors, current of sub-conductor is small so that the
amount of heat is not enough to suppress ice and snow accretion.
— The amount of ice and snow accretion increases as number of conductor increases.

— Since conductors are located high and windy position, the falling distance from conductor
is long and the range of ice and snow scattering is wide.

In J pan, the dngrnn of ice and show fnlling, the presence of r‘nmpls\in’re, and the Qr\nnpfab|e

leve| of the public at the site are comprehensively considered and dealt with in each case.

b) Rrediction methods
The [degree of ice and snow falling is predicted in consideration of following items.

ype and amount of ice and snow accretion before falling changes withywadrious conditions.
is difficult to predict, but data that determine ice and snow loadef-supports is used as
eference.

|
= =

ize of falling varies depending on weather conditions, type of ice and snow, type of
onductor. It is investigated using test lines and existing transmission lines.

bllings, and the height of conductors. However, it would-varies depending on the shape of

3

g

— The area of scattering is roughly estimated by setting ‘the wind, the size and weight of
f

fallings, it should be investigated using test lines and existing transmission lines.

The |presence of complaints, and the acceptable level of the public at the site are estimjated
from| results of existing transmission lines and field'surveys around the route.

itigation measures

If complaints about ice and snow falling_are predicted or occur, following measures are tt'ken
not

Rings are installed on conductors or earth wires at intervals of several 10 cm. The ring has
deveral millimetres thickness and width, and create weak points in strength of ice|and
dnow accretion. When.ice' and snow accretion falls, it breaks at the position of rings,|and
ize of ice and snow ‘falling becomes small.

C spirals are ,installed on conductors. The LC spiral complements lack of heat from
donductor to suppress development of ice and snow accretion. However, in case of JHV
AC transmisSion line, current of sub-conductor is small, it may not generate enough hdat.

ater repellent coating or wrapping is applied on conductors or earth wires to reduce ice
gnd show accretion. The water-repellent effects generally last only a few years|and
regular maintenance is required.

- etrterwetgh e—iA ed—oehr——- R—wrre he—eourterweight— deviee—te—prevent

heavy ice and snow accretion, also effective to suppress the size of ice and snow falling.

A.4.8 Landscape impact
a) Landscape impacts of UHV AC transmission line

In Japan, landscapes have become one of the important concerns of the administration and
local residents.

Landscapes designated as resources by the national or local landscape administration or by
the environmental administration are especially required to be protected because they are
visited for the purpose of viewing by people outside the area. In addition, when UHV AC
transmission line comes into view in daily life, local residents feel intimidated and
uncomfortable, so it is sometimes necessary to consider landscapes that are not designated
as resources.
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UHV AC transmission line is a large scale facility and is easily visible to the public. It has a
different structure from other artifacts or natural objects, and spreads widely in a line, UHV
AC transmission line is likely to undermine the value of landscapes.

When landscapes to be protected are around the route, the facility is harmonized with
landscapes while listening to the opinions of the administration and local residents.

b) Prediction methods

Landscape impacts of UHV AC transmission line are predicted as following procedures. When
the environmental impact assessment is required by law, procedures are carried out in
accdrdance with relevant regulations.

elect landscapes to be protected and corresponding viewpoints (places wher&“you| can
ee the landscapes) referring opinions of the administration and the public.

fonduct on-site surveys of viewpoints and confirm actual usage of landscapes.

falculate a direction angle between the landscape and the transmission line from| the
iewpoint. In addition, confirm hidden parts by terrain and visible partsof the transmigsion
ne from the viewpoint, and a viewing angle is calculated for.the visible parts.|The
irection angle and the viewing angle are indices quantitatively”expressing lands¢ape
mpacts of transmission line.

|
-0 =< A~ A W

[reate a montage of landscape and transmission line from\the viewpoint. A montage|is a
hotograph of landscape taken from the viewpoint, or a‘topographical map obtained py a
omputer, overlaid with a graphic of transmission line{~and shows the landscape after the
ompletion of transmission line. The montage is ‘@ material sensuously expressing| the
bndscape impacts of transmission line.

_—0 0O T O

c) WMitigation measures

If ngcessary, the following measures are _taken to harmonize transmission line with| the
landgcape to a reasonable extent.

- he route is placed out of sight ftom viewpoints. Specifically, it is placed beyond hil|s or
dehind viewpoints.

— The route is placed where transmission line is not noticeable. Specifically, it is placed at
the edge of view (increase\the direction angle) or far from the viewpoints (decreasq the
iewing angle).

— The facility is fit to.the ‘background. Specifically, the route is placed on hillsides, and the
dolour and lightness of towers and wires will be the same as hillsides. If the roufe is
dlaced on ridgélines, the presence of transmission line will stand out and underming the
alue of landscapes.

A.4.9 Nature conservation
a) Nature,impact of UHV AC transmission line

S23 S = alafs S es ce s—destroyed- Japan,
endangered species, natural monuments, and nature preserves are designated, and activities
to protect rare animals and plants, and the ecosystem are carried out at the national level.

UHV AC transmission line has a large scale and it has a considerable impact on Nature as
follows.

— The rare animals and plants, and the ecosystem are damaged directly due to logging and
topographical changing at the stage of construction.

— The rare animals dislike access of workers and noise of heavy machineries during
construction, and would stop breeding.

— Conditions such as sunlight and soil moisture change due to logging and topographic
changing, which indirectly affect rare plants.
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b)

Main fields of activity of the upper species in the food chain are changed due to large
scale logging and topographical changing, and lead to changes in the ecosystem.

Transmission line is built on the flight path of rare birds and they may collides with it
during flight.

Prediction methods

For UHV AC transmission line, impacts on the rare animals and plants, and the ecosystem are
predicted as following procedures. When the environmental impact assessment is required by
law, procedures are carried out in accordance with relevant regulations.

c)

Collect documents issued hy the environmental administration such as the Red Data Book,

maps of animals and plants distribution, maps of nature preserves, and investigate [rare
dnimals and plants, and the ecosystem near the route.

Dbtain more information from conservation groups and experts that are closely'rfelatgd to
are animals and plants, and the ecosystem.

=0

urvey the following items on the route and the construction sites. Forjahimals, speties,
est sites, main fields of activity, and breeding season are confirmed-.. For plants, speties,
ccurate distribution, environment of habitat are confirmed. For_the“ecosystem, idgntify
pecies closely related to the food chain and breeding of rare animals and plants,|and
pper species in the food chain at the site.

Llarify the positional relationship between rare animals and_plants, and the route for ¢ach
pecies based on data obtained from documents and-«oh<site surveys, and predicf the
mpacts of the transmission line itself or the construction activities on rare animals|and
lants, and the ecosystem with the advice of experts,

M ¢ ) B Y cC 0 QO =5 (N

e

Mitigation measures

n there exist rare animals and plants, and\the ecosystem to be protected around the
, the following measures are taken to minimize the impacts and harmonize transmigsion
ith Nature.

he route is selected to avoid nature,preserves.

he route and the construction sites are selected to avoid the main fields of activity of|rare
nimals and habitat of rare plants. If it is unavoidable, the route and the construction sites
f less influential are determined in consultation with the environmental administration

etter nesting environment for rare animals is created artificially, and their main fields of
ctivity is directed away from the route and the construction sites.

he construction( period is set to avoid the breeding season which requires special
onsideration for rare animals.

are plantsyare transplanted to suitable areas outside the route or the construction slites.
hey are“sensitive to changing of environment and the ecosystem, transplanting is cafried
ut with-the advice of experts.

Eye-catching colour tags or rings are installed to conductors. They make the rare birds ayare
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(informative)

Design practice of UHV AC transmission lines in different countries

B.1

General

Design practice of UHV AC transmission lines in different countries are respectively given in
Clause B.2 (China), Clause B.3 (India) and Clause B.4 (Japan).

B.2

B.2.1

General

Design practice in China

Yuheéng-Weifang 1 000 kV AC transmission line project, which is still running since August,
2017, is elaborated as follow.

B.2.2

a) Conductor selection

With

ecorjomic current density, the demands on energy saving‘and consumption reduction, ang

Conductor and earth wire

the consideration of many factors including the transmission capacity of the sysftem,

the

requirements for electromagnetic environment, 8-bundle conductor with cross-section of
630 mm2 and bundle spacing of 400 mm is adopted(in‘this project.

The

conductor types used in single-circuit lines and double-circuit lines on one towgr in

diffefent icing areas are shown in Table B.1the main characteristics are shown in Table B.2.

Table B.1-<C€onductor type selection

ce Double-circuit line’on’one tower Single-circuit line

thickness K R R . . ]

conductor |Incoming/outgoing| Tension conductor |Incoming/outgoing| Tension

line eonductor tower line conductor tower

flexible flexiljle

jumper jumpler

10 mm 8xJL1/G1A- 8xJL1/G1A- JL1/G1A-
630/45 630/45 630/45
(8xACSR- (8xACSR- (ACSR-
630/45) JLK/G1A- JLK/G1A- | 630/45) JL1/G1A-630/45 | 630/45)

15 mm 8xJL1/G1A- 725(900)/40 725(900)/40 | gxJL1/G1A- (ACSR-630/45) JL1/G1A-
680/55 630/55 630/55
(8xACSR- (8xACSR- (ACSR-
630/55) 630/55) 630/55)

NOTE 1 JL1/G1A is the Chinese definition method of Aluminium Conductors Steel Reinforced (ACSR) wire.

NOTE 2 JLK/G1A is the Chinese definition method of Expanded Diameter Aluminium Conductors Steel Reinforced
(Expanded ACSR) wire.
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Table B.2 — Conductor characteristics

Tvoe JL1/G1A-630/45 | JL1/G1A-630/55 JLK/IG1A-
yp (ACSR-630/45) (ACSR-630/55) 725(900)/40
Item
Aluminium 45/4,22 48/4,12 7/2,66
Structure 27/3,99
. . 11/3,99
Quantity / diameter Steel 7/2,81 713,20 11/3.99
91/3,99
Ao 636-6 63992 #2624
Calqulated section
Steel 43,6 56,30 38,90
(mmf)
Total 674,0 696,22 764,11
Ovefall diameter (mm) 33,8 34,3 39,9
Unit|weight (kg/m) 2,0792 2,2064 2,3097
Noninal tensile force of conductor (N) 150 450 164 310 160 380
Elastic modulus (MPa) 63 000 65 000 61 870
Linepr expansion coefficient (1/°C) 20,9 x 10 x 6 20,5 %10 x 6 21,2E-6
b) garth wire selection

Accq

earth wire are installed in different sections of the line~

By ¢
shor
and

be ACS-185 (20,3 % IACS) type aluminium-clad-steel strand and the earth wire for sit
circyit line is recommended to be ACSz170 (20,3 % IACS) type aluminium-clad-steel str
In apcordance with the matching principle of OPGW and ordinary earth wire, the OF

rding to the requirement of system communication, two OPGW, one OPGW or ordi

t current shunting capacity, ground wire surface gradient and corona onset gradient v
lightning withstand performance, the earth wire for double-circuit line is recommende

nary

omprehensively considering such factors as-ieing overload capacity, vibration resistance,

alue,
d to
gle-
and.
PGW

recommended for single-circuit line and double-circuit line are OPGW-170 and OPGW}185
respectively.
The |ordinary earth wire is ‘operating in the mode of subsection insulation and single-point
grounding and the OPGW. is grounded on each tower.
The [design safety factor of the earth wire should be larger than that of the conductor.
c) phase to,ph@ase spacing
The |horizontal separation can be calculated using the equation below for conductors (with
spar] length less than 1 000 m:
U

Dh:ki.Lk+m+o,65-Jﬁ (B.1)
where
k; is the coefficient for suspension insulator string, which should comply with the values

listed in Table B.3;
D,, is the horizontal separation between phase conductors, m;

L, is the length of suspension insulator string, m;

U is the system nominal voltage, kV;

fo is the maximum sag of conductor, m.
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The vertical separation between vertical phase conductors should be 75 % of the values

obta

ined using this equation.

Table B.3 — Coefficient k;

Type of suspension I-1 Type String -V Type String | V-V Type String
insulator string
ki 0,4 0,4 0

d) Anti-vibration measures for conductors and earth wires

Bec+

cond

use of the vibration elimination effect of rubber spacer damper, vibration damper 'ig

not
span

requjired for the ordinary span conductors. The vibration damper is installed in large
uctors.
htion dampers are commonly installed in earth wires depending on the”upper limit of

Vibr
aver

B.2.

Aty

whe

age operating tension and the span.

B Electrical clearances

bical example formula of power frequency voltage is given pelow:

Usgo > KsKaKoN2U I3

e

5 the maximum system operating voltage (kV9;
5 the safety factor, 1,05;

5 the coordination factor, 1,1;

5 the altitude correction factor.

1 50 % is the occurrence probability of power-frequency flashover. Uy, ., is determined by the av
of multiple flashover experiments,

bical example formula of switching overvoltage is given below:

U50% 2 KsKaKcUe2_sf

e,

s is the_value of the phase to ground switching overvoltage having a 2 % probabili

being exceeded,;
is’the safety factor, 1;

B.2)

brage

B.3)

ly of

is the coordination factor, 1,1-1,26 for | type insulator string, 1,27 for V type insu
string;

is the altitude correction factor.

lator

NOTE 2 For UHV AC systems, the time to peak of switching overvoltage can be much higher than 250 us of the
standard switching impulse time to peak, and depend on the UHV system conditions such as transmission line
lengths and type of the circuit-breaker, etc. The withstand voltage of clearance to switching impulse with longer
time to peak is greater than that to standard switching waveform. Air clearance test curves of switching impulse
voltage with longer time to peak can be used for insulation coordination of transmission lines.

NOTE 3 Annex D shows diagrams of 50 % switching impulse withstand voltage over air clearance for typical

setup

s of supports.

A typical example formula of lightning overvoltage is given below:


http://www.baidu.com/link?url=RB4BULzIvgcxVJ3ZzTKRLWH3x1TH9L6w_Ye_XsWRk66BmOsx4Io0SIRQ0H002lUCeC-NWuX9MxF2f5-JjpozcMV025gQDJN7myQTULTETXu
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U50% > KSKaKCUQO%_ff /(1 - 1,280’) (B4)
where
Ugg o, s Is the the 90 % lightning withstand voltage of the insulator strings installed on the
B line;
K is the safety factor, 1;
K. is the coordination factor, 1;
K, is the altitude correction factor;
ol is the deviation factor 0,03
B.2.4 Insulation coordination
Accgrding to the latest pollution map and on-site pollution survey results of|the State |Grid

Corq

project is divided into class c, class d, and class e pollution areas.

In p
com

Refg
Chin
(stru
insu
med
profi
shov

oration of China, combined with operational experience and pollution,characteristics

rinciple, as for light ice zone and medium ice zone area,Csuspension string ad
posite insulator, and the tension string adopts porcelain or glass disc type insulator.

a Electric Power Research Institute, it is recomménded to use composite insulg
cture height 9 m) for the 10 mm light ice area suspé€nsion string, and anti-icing comp
ators (structure height 9,75 m and larger diameter of umbrella skirt) for the 15
um ice area suspension string. Typical figurerof*normal and anti-icing composite insu
les is shown below. Typical figure of normal_and anti-icing composite insulator profil

n in Figure B.1 a) and b).

1 2193

e ew

2300

108

the

opts

rring to the previous UHV line engineering design experience and the research resulfs of

tors
Dsite
mm
ator
BS iS

i

-=J.=]=.S

a) normal composite insulator profile b) anti-icing composite insulator profile

IEC IEC

Figure B.1 — Composite insulator profiles
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Tension insulator string configuration is shown as below. See Figure B.2 for 1 200 kV
insulator profile. See Table B.4 and Table B.5 for configuration of tension insulator string in
light and medium ice zone, and in substation outlet span respectively.

Table B.4 — Recommended configuration of tension insulator

string in light and medium ice zone

Altitude
Pollution Class Insulator profile 500 m 1000m 1500 m 2000 m
[piece] [piece] [piece] [piece]
420 kN two-alternating type U420BV 49 51 53 5
420 kN standard type U420B 52 54 57 6
(0,05 mg/cm? ~ i .
0,1 mg/cm?) 550 kN three-alternating type U550BT 39 41 43 4
550 kN standard type U550B
45 47 49 5
550 kN standard type U550B
420 kN two-alternating type U420BV 58 60 62 64
420 kN standard type U420B 69 72 75 7
d(0,1 mg/cm? ~ .
0,25 mg/cm?) 550 kN three-alternating type U550BT 48 50 52 54
550 kN standard type U550B
56 59 62 6
550 kN standard type U550B
420 kN two-alternating type U420BV 63 66 68 7
20 kN standard type U420B 75 79 83 8T
e(>0,25 mg/cm?) 550 kN three-alternating type U550BT 57 59 61 6
550 kN standard type U550B
62 65 68 7
550 kN standard type U550B
Table B.5 —- Recommended configuration of tension insulator
string in substation outlet span
Altitude
Pollution class Insulator profile 500 m 1000 m 1500 m 2000 m
[piece] [piece] [piece] [piefe]
24 300 kN two-alternating type U300BV
c((()),(zS mg/;/cm2 56 59 61 63
;1 mg/cm?) 300 kN three-alternating type U300BT
d(0,1 mglcm? ~ 300 kN two-alternating type U300BV
0 95 ma/em? 71 74 77 8
,25 mg/em?) 300 kN three-alternating type U300BT
300 kN two-alternating type U300BV
€(> 0,25 mg/om?Z) 78 81 8% 8
300 kN three-alternating type U300BT
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Figure B.2 — 1 200 kV insulator profile
The |air gap of this project is taken as follows according to the table, and the’value of the
operfating overvoltage gap is temporarily considered in accordance, K with 1,7 p.u. |See
Table B.6 and Table B.7 for value of single and double circuit line air gaprespectively.
Table B.6 — Recommended value of single circuitdine air gap
Altitude H (m) 500 1000 1500 2 0p0
Power frequency voltage gap d (m) 2,71 2,9 3,1 3.B
(Side phase | string) 5,6 6 6,4 6,8
Spitching overvoltage gap d (m)
(Medium phase V string) 6,7/7,9 7,2/8,0 7,7/8,1 8,2/8,3
Lightning overvoltage gap d (m) not specified
| string 5,6 6 6,4 6,p
Live working clearance (m)
V string 6,2 6,7 7,2 7.p
NOTH 1 The gap value "/" value indicates the minimum gap value for the side of the tower window and the fipper
cross|arm.
Table B.7 — Recommended value of double circuit line air gap
Altitude H (m) 500 1000 | 1500
Rower frequency voltage gap d (m) 2,7 2,9 3.1
Switching overvoltage gap d (m) 6 6,2 6,4
Lightning overvoltage gap d (m) 6,7 71 7,6
Tower body 5,5 5,8 6,1
Live working clearance (m) Lower crossarm 5,7 6 6,3
Top architecture 6,8 7,1 7,4

NOTE 2 The values in the table are | string data.

The main configuration of suspension string is as shown below:

3 “I” type strings for double circuit tower

"I-V-I" type strings for single circuit tower

3”L” type strings for single circuit suspension angle tower.

The strength of main insulator string types is 300 kN, 420 kN and 550 kN.

The spacing distance between the suspension insulator strings is 600 mm.
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The jumper insulator string on tension tower adopts squirrel cage rigid jumper equipment with

210

kN insulators.

B.2.5 Tower and foundation

a) Tower

— For single-circuit transmission lines, the horizontal conductor arrangement are adopted for
suspension towers, and triangular arrangement for strain towers.

— For double-circuit transmission lines, the vertical conductor arrangement are adopted for
suspension towers and strain towers.

— B
- 1
1
NOTH
ASTN
minin
is 23

g
(¢
_
.
b) 1

The
brok

qual angle steels are used 10r towers ot single circuit transmission lines.

he grade of steel material can be Q235, Q355 and Q420, and the largest memb
250x35.

1 The grade of Q235, Q355 and Q420 means the minimum yield strength is 235, 355-and 420 MP4
A36, the minimum yield strength is 250 MPa, and for ASTM A572, the grade of 42, and 50 mean
um yield strength is 290 and 345 MPa. The grade of S235, S275 and S355 means the minimum vyield str

en wire cases, construction and maintenance.cases.

Br is

. For
5 the
ength

, 275 and 355 MPa in EN 10025.

teel tubes are used for double circuit transmission lines, and thé-grade of steel maferial
an be Q235 and Q345.

he bolts of 6,8 and 8,8 grade are adopted in transmission Jines.

Il components of towers should adopt hot dip galvanized\processing.

ower load

design of supports consider the following load)cases: intact cases (weather loads),

For iIntact cases, the supports may satisfy thecfollowing weather loads during normal operation.

_
d
_—
y
_—

For
long
and

For
the
load
hard

he basic wind speed, with no ice, neiunbalanced longitudinal loads from conductors
round wires;

he design ice thickness, withy concurrent wind speed and temperature, and wit
nbalanced longitudinal loads of conductors and ground wires;

he load cases under the'minhimum temperature.

broken wire cases, within the same span of double-circuit supports, unbala
tudinal loads can~be applied to any two conductor phases, or any one conductor p
Any one ground wire.

construction-and maintenance cases, the construction loads can be calculated base
meteorological conditions of no icing, concurrent wind speed and air temperature.
5 mainly refer to the actions of installing conductors, ground wires, insulators
wareon supports.

and

hout

nced
nase

d on
The
and

Calc

ulation of wind loads

— Wind loads include those applied on the conductors, ground wires, insulator strings and
support itself, the wind loads can be calculated as follows:

F=yy ty g By B-Wy-A (B.5)

where

F is the wind force in the direction of wind;

Yo is the load factor based on the desired return period, for 1 000 kV, y,, =11;

My

and for different exposure category, u, is calculated as follows:

is the height variation factor of wind pressure, for various heights above ground
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c)

P 7 \0:24
=1379.| — B.6
1 (10j (B.6)
0,32
B Z
=1,000-| — B.7
# (10j (B.7)
0,44
7 \0
£ —0616.[Z] B.8)
\10)
0,60
D Z
=0,318-| — B.9
s (10) )

s is the force coefficient. For conductors and ground wires, n,=1. ug =1.|For
supports, the force coefficient can be determined taking intoyaccount the differ¢nce
between the windward and leeward faces and the ratio, 6f)the actual area to prfofile
area of the member concerned;

B, is the gust response factor for conductors, ground/wires, and structures; whep air
flows, it presents the random fluctuating characteristics due to the effecgs of
roughness of ground surface; therefore, wind” loads do not only include sftatic
components of mean wind speed, but al§o) fluctuating components with dynamic
performance. The dynamic response of the structure should be considered with the
gust response factor;

)i is the load increase coefficient after icing, when design ice thickness is 10 [mm,
B =1,2;
A is the area projected on a plahe normal to the wind direction;
Wo is the basic wind pressure;-and should be calculated as follows:
2
14
Wo =———, B.10
° “1600 (810
Where
W is the basic wind speed.
Roundation
The types’ of foundations shall be selected comprehensively considering topography,
deology, hydrology at the tower positions, and reaction of foundations.
Ip~cover shallow layer of rock subgrade, the rock foundations should be used, and the

drilled foundations should be used in other mountainous and hilly regions.

The drilled foundations should be preferred in plain regions with no groundwater, and the
pad and chimney foundations should be adopted in other plain regions.

The pile foundations should be used in soft ground areas.

The concrete grade for rock foundations and pile foundations should be C30, and for other
foundation types should be C25.

The reinforcing steel bars should adopt HRB400 and HPB300.

The connection of tower and foundation should adopt studs or anchor bolts.

As for adverse geological process, such as liquefaction, corrosion, mining influence area,
collapsible loess etc., the reasonable treatments for foundation design should be applied.
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NOTE 2 HRB400 and HPB300 are Chinese standard. HRB400 means Hot rolled Ribbed Bars, and its yield
strength is 400 MPa. HPB300 means Hot rolled Plain Bars, and its yield strength is 300 MPa.

B.3 Design practice in India

B.3

.1 General

Indian Power System has grown rapidly in the past two to three decades. Installed generation
capacity has already surpassed 350 GW and a gigantic network of more than 400,000
circuit km of 220 kV and above voltage level transmission lines traverses through the entire
length and width. Being a country with high population density, the environmental concerns
and Jright of way constraints have increased substantially with the growth of the transmis
network. In order to minimise the land use and per MW right of way requirements, bulk p
trangmission systems at EHV and UHV levels have been planned in the country.Abpre
ther¢ are numerous 765 kV double circuit AC lines and three +/-800 kV UHVDC b
trangmission lines in service. India has also established 1 200 kV National-Test Statio
Bina, Madhya Pradesh comprising of one 1 200 kV single circuit test line .and’one 1 20
double circuit test line. Also, one 400 kV double circuit (upgradable to 1 200 KV UHVAC s

circ

B.3

Jit) Wardha-Aurangabad transmission line is presently under construction.

P Challenges in development and solutions

The [need for development of next high level transmission’,network i.e. 1 200 kV UH
network was felt few years ago keeping in view the future power scenario. Being one o
highest voltage level in the world, not much experience was available. Accordingly, det
studjes for design and optimization of 1 200 kV transmiSsion line were taken up. The sty
werg further supplemented with full scale testing for‘verifying corona aspects and optim
elecfrical clearance requirements. Before taking.up*construction of a commercially oper
1 20P kV transmission line, it was considered @ppropriate to set up a 1 200 kV test line
statipn. It was also decided to implement one of the planned 400 kV double circuit
between two major pooling stations as a 1x200 kV upgradable line for conserving right of
for fiiture sustainable growth.

Detgiled studies were carried out~in respect of conductor-bundle selection, tower de

opti

rization, electrical clearances, insulator selection, earth wire selection etc. for

1 200 kV transmission line.

B.3

B Conductor selection

Octggonal Moose conductor bundle has been selected for 1 200 kV single circuit transmig

line

Initi

based on detailed conductor bundle selection studies comprising of following aspects

studjes:

sion
bwer
sent
pole
n at
D kV
ngle

VAC
the
hiled
dies
zing
ated
and
line
way

sign
the

sion

ally following four alternative conductor bundle configurations were identified for detailed

Hexagonal ACSR Lapwing;

octagonal ACSR Moose;

octagonal ACSR Bersimis;

octagonal ACSR Lapwing.

Thermal Capacity of bundle configurations: Based on ambient temperature of 45° as

well

as other conductor and environmental parameters, following current carrying capacity at

maximum operating temperature for ACSR conductors have been calculated.
Table B.8.

See
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Table B.8 — Conductor capacity

No. Conductor bundle Ampacity/ subconductor at Thermal capacity of 1 200 kV
85°C single circuit line
(A) (MVA)
1 Hexagonalgonal ACSR Lapwing 1006 12 022
2 Octagonal ACSR Moose 787 12 540
3 Octagonal ACSR Bersimis 912 14 532
4 Octagonal ACSR Lapwing 1 006 16 030

b) Ipterference studies

Each conductor bundle has been analysed based on following interference studies:

i) Surface gradient: the following results have been obtained for conductor ‘'surface gradient
g

nd corona onset gradient. See Table B.9.

Table B.9 — Conductor surface gradient

No. Conductor bundle Conductor surface gradient Corona onset gradient
(kV/cm), max. (kVicm)
( Hexagonal Lapwing 16,9 19,62
4 Octagonal Moose 16,1 19,97
B Octagonal Bersimis 14,8 19,78
i Octagonal Lapwing 1358 19,62

Congluctor surface gradients for above canductor bundle alternatives are within acceptable

limity

ii) Radio interference: the following-results have been obtained for radio interference at the

gdge of right of way. See Table(B.10.

Table'B.10 — Conductor radio interference

No. Conductor bundle Radio Interference
(dB/pV/m)
1 Hexagonal Lapwing 35,3
2 Octagonal Moose 28,7
3 Octagonal Bersimis 26,3
4 Octagonal Lapwing 24,7

RI levels for above conductor bundle alternatives are within acceptable limits

iii) Audible noise: the following results have been obtained for audible noise at the edge of
right of way. See Table B.11.

Table B.11 — Conductor audible noise

No. Conductor bundle Audible Noise Audible Noise
(dB(A))- L5 level (dB(A))- L50 level
1 Hexagonal Lapwing 60,2 57,3
2 Octagonal Moose 56,8 52,2
3 Octagonal Bersimis 55,5 50,2
4 Octagonal Lapwing 54,4 48,4
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iv) Electric field: the following results have been obtained for electric field (see Table B.12):

Bas¢d on the above studies, Octagonal Moose, Octagonal Bersimis and Octa@bal Lap
werg found to meet the interference criteria. Keeping in view that the line

Table B.12 — Conductor electric field

No. Conductor bundle Electric field (max.) Eleg:r:::gﬂflct’if?;aeydge
(kV/m) (kV/m)
1 Hexagonal Lapwing 9,8 3,7
2 Octagonal Moose 9,8 4,0
3 Octagonal Bersimis 9,9 4.1
4 Octagonal Lapwing 9,9 4.1

N
N

| be ini

wing
ially

openated as 400 kV double circuit with Quadruple Moose conflguratlmr/ nd the slame

conductor can be utilized for upgrading to 1200 kV Octagonal co
Mooge has been selected as the optimal conductor bundle for 1 200 k

B.3.4 Electrical clearances /\%

a)

The| air gap clearance under various insulator swn@\ angles for
confljguration has been calculated based on following o(‘gena -

i)

i)

In cgse of V string i

Electrical cle es adopted for 1200 kV line have been finalized based on full-s
expégriment sts conducted at Central Power Research Institute (CPRI), India.
Table B. r salient results of the experimental tests.

tion, Octag

Air gap clearances Q/C)

wing angle under wind velocity correspon ng a 50-year return period combined
istance necessary to withstand power fr &ncy over voltage. This corresponds
learance of 2,4 m at 41-degree swing an

nnrn

wing angle having a probability of oco@ence of 1 % or more during a year (or the s
ngle under wind velocity correqu&dmg to 12,5 year return period) combined

ﬁh(\\fn

f 8 m at 10-degree swing angl

wing angle under statio \'wmd conditions combined with distance necessar
ithstand switching over\@ age. This corresponds to a clearance of 8 m at 0 de
wing angle.

W < n

.

-

onal

string insujator

with
to a

ving
with

istance necessary to withstand i ching over voltage. This corresponds to a clearance

y to
gree

in r configuration, keeping in view no swing, clearance requirement is
only|at stationary p n. As such, minimum clearance from V string shall be 8 m.

cale
See

NS

IEC

Figure B.3 — 1 200 kV air-gap experimental tests
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Table B.13 — Salient results of the experimental tests

. Crest time 50 % flashover 50 % flashover voltage after atm.
No. Gap distance X
(Tp) voltage Ug, o, correction Ug o,
(m) (Us) (KV,) (kV,)
160 1926 1951
250 1879 1915
1 8
270 1868 1906
350 1854 1910
TT5 Z 197 2236
250 1950 1963
2 8,5
270 1937 1953
350 1948 1964

b)

Mini

Ground Clearance

confjguration so as to limit the maximum electric field within ROW to' 10 kV/m at 1,8 m a
ground level.

c)

Conductor to earth wire Separation: Following criteria, has been followed for earth
delection and conductor to earth wire separation for 1 200 kV:

Average surface gradient on earth wire due to lineyvoltage shall not exceed 90 % of
dorona onset gradient under fair weather conditions.

Minimum air gap distance required for switching over voltage should exist bety
donductor and earth wire under swing conditions.

Total flashovers due to shielding failures and backflashovers shall not exceed 0,1
100 km per year.

Maximum shielding angle of 10 degrees.

Basg¢d on the above, min. eadth wire diameter of 15 mm with conductor to earth
sepgration of 18 m has been-fixed. The earth wire configuration shall be 19/3,0 mm.

d)

mum ground clearance of 24 m is arrived for Octagonal -Meose conductor bundle

bove

wire

their

een

per

wire

Right of way requirements: In addition to the interference criteria, right of way in Ind(lja is
dlso calculated on.the basis of country regulations. Based on the stipulated horizontal
dlearance of 13m-for 1 200 kV, the ROW for various insulator string configuration works
qut to as follows:

Horizontal fewer with IVI configuration - 106 m;

Horizontal-tower with VVV configuration - 92 m.

See|Rigure B.3 for 1 200 kV air-gap experimental tests.

Keeping in view that ROW requirement of VVV configuration is lower and the calculated tower
weights for this tower are also lower than that with IVI configuration, the horizontal tower with
VVV configuration has been selected for 1 200 kV single circuit line in India.

B.3.5 Insulation requirements

a) Pollution withstand: based on specific creepage distance of 25 mm/kV for heavy pollution
level, total creepage requirement shall be 30 000 mm. In view of available creepage
distance of 590 mm per disc insulator, the minimum numbers of insulators work out to

51 numbers.

Switching overvoltage withstand: with the total 51 numbers of insulators of 195 mm he
the air gap clearance requirement for switching overvoltage withstand of 1 800 kVp (v
m) is also met.

ight,
iz. 8
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c) EandM rating of insulators are decided based on following criteria:
Suspension String

— Mechanical loading under no wind conditions not to exceed 25 % of EandM ratin
insulators.

— Mechanical loading under full wind conditions not to exceed 70 % of EandM ratin
insulators.

Tension String

ccordingly, 2 x 320 kN V insulator string for suspension towers and 4 x 320 kl\bﬂ;\u
tring for tension towers have been finalized. ('1/

-

1 200 kV test line (19
/7

g of

g of

ator

One| 1 200 kV single circuit test line and one 1 200 kV double circuit @Q( line have been

condtructed in the 1 200 kV test station at Bina, Madhya Pradesh, 03% with collabor
effofts of Power Grid Corporation of India Ltd., Central Power Re§earch Institute, Ce

well|as vertical delta configuration towers. A 1 200 kV doub rcuit test line consists ¢
octaponal Bersimis conductor configuration on verticak’.configuration towers. Co
rmance of these test lines has been good and electrie\fields measurements are four
be within acceptable limits. See Table B.14 for salient features of the 1 200 kV test lines.
Figure B.4 and Figure B.5 for 1 200 kV single and dé@ circuit test line respectively.

line [consists of an octagonal Moose conductor configuration ?n orizontal configuratio

IEC

Figure B.4 — 1 200 kV single circuit test line

ative
ntral
test
h as
f an
rona
d to
See
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Figure B.5 — 1 200 kV double circuit test line

Table B.14 — Salient features of the 1 200 kV test lines

1200 kV D/C/line

1200 kV S/C line

Height of Towers

125-m

55 m

Conductor Octa<Bersimis Octa-Moose
Basic Span 400 m 400 m
Wind Zone 2 (39 m/s) 2 (39 m/s)

No. of Towers

Suspension: 1 no.

Dead end: 2 nos.

Dead end: 2 nos.

Suspension: 3 nos.

Ground clearance 30 m 24 m
Mid span clearance 16 m 18 m
Phase-to-phase clearance 25 m 24 m

B.3.Y 400 kV double circuit (upgradable to 1 200 kV single circuit) line

The [upgradable_400 kV double circuit (quadruple bundle) Wardha-Aurangabad transmigsion

line |[has beén)*designed and is being constructed such that the same may be upgra
conyertedstor1 200 kV single circuit transmission line at a later date as per requirement.

ded/

Follawing six types of Horizontal configuration towers have been fixed: A type (0

deg

suspension tower), AS type (7-degree suspension tower), B type (15-degree tension tower), C
type (30-degree tension tower), D type (45-degree tension tower), DE type (60-degree tension

tower).

The designs of the towers for the upgradable line have been developed in such a way that all
electrical clearance requirements with respect to 1 200 kV as well as two horizontal circuits of
400 kV quadruple bundle line are met. Indicative sketches/Single line diagrams of suspension
and tension towers of the 1200 kV upgradable transmission line are shown below. See
Figure B.6 and Figure B.7 for Indicative sketches/Single line diagrams of suspension and
tension towers of the 1 200 kV upgradable transmission line respectively.
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IEC,

Figure B.6 — 1 200 kV upgradable line —Suspension‘tower

IEC
Figure B.7 — 1 200 kV upgradable line -Tension tower

ers have-been designed considering reliability level-2 (150 year return period).

scalé prototype testing of all type of towers was done to verify the designs prior to t4

king

up manufacturing and construction of the transmission line. See Figure B.8 for 1 20
Tower Prototype Testing.

kV
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IEC

Figure B.8 — 1 200 kV Tower Prototype Testing

Salignt technical parameters and features of the 1 200 kV upgradable line are summal

belo

v (see Table B.15):

Table B.15 — Salient features of 1 200 kV upgraded transmission line

ized

Balient Features

400 kV double circuit (quadruple
bundle) line (being constructed)

1 200 kV single circuit line (afte
upgradation in future)

Con

ductor-bundle

Quadruple ACSR Moose
(54/3,53 mm+7/3,53 mm)
— 2 Ckts

Octagonal ACSR Moose — 1 Ckt (sanj
conductors to be used)

Nunmber and size of 2,19/3,0 mm GS (same earth wires to be used)

earth wire

Typg of towers Suspension type (A, AS) and Tension type (B, C, D and E)
(same towers to be used)

Live-metal/air gap 3,05 mfor 400 kV and 8,0 m for 1 200 kV

cled

rance

(towers designed to meet 400 kV and 1 200 kV clearances)

Gro

ind clearance

24 m (ground clearance corresponding to 1

200 kV considered)

Insy

lator strings

Double suspension, 120 kN (2 x 23) and
quadruple tension, 160 kN (4 x 23) for
400 kV

Single V Suspension, 320 kN (2 x 51
and quadruple tension, 320 kN (4 x 5
(new insulator strings to be used for
upgraded line)

B.4

Design practice in Japan

B.4.1 General

In Japan, four UHV AC transmission lines were constructed in 1990's. They are designed to
withstand 1 100 kV and are currently operating at 550 kV.

The design practice of UHV AC transmission line in Japan is as follows (see Table B.16):



https://iecnorm.com/api/?name=af536c2340890b1b77b8aae8a13accf8

- 66 — IEC TS 63042-202:2021 © IEC 2021

Table B.16 — UHV AC transmission lines in Japan

TiL length m:g‘v?::s(’f opelyaet?;nOfstart
[km]
Nishi-Gunma Trunk Line 138 217 1992
Minami-Niigata Trunk Line 50 86 1993
Kita-Tochigi Trunk Line 109 165 1996
Minami-lwaki Trunk Line 130 235 1999

6

. L Minami-Ilwaki
Minami-Nigata )

Kita-Tochigi

_Nishi-Gunma

Pad o

IEC

Figure B.9 — UHV AC transmission lines in Japan

B.4.p Conductor and earth wire

a) Conductor selection

Foun types and six cases shown_in Table B.18 are compared, and 610 mm% x 8
(subfconductor spacing of 40 cm) at which AN (Audible Noise) is 50 dB(A) or less is sel€cted
as a|basic conductor configuration.

For places where residences-exist within 300 m of transmission line, 810 mm?2 x 8 is selelcted
at which AN is 50 dB(A) or'less even if wind noise mitigation measure (spiral rod) is installed
to cqnductor. See Figure.B:10 for 610 mm?2 conductor configuration.

For Kita-Tochigi Trunk Line and Minami-lwaki Trunk Line, since the route is frequently dlose
to residences, «the newly developed low-noise type 960 mm2 x 8 and low-noise [type
940 mm2 x 8_éare adopted instead of 810 mm2 x 8 with wind noise mitigation measure. [This
conductor suppresses wind noise by making outer layer strands into a special shape, and|also
suppresses.AN. See Table B.17.

See FIHUIU B1G fUI 810 IIIIII') bUIIdubtUl bUIIf;yuldt;Ull.

Table B.17 — Conductor configuration and AN

conductor wind noise mitigation AN remark
configuration measure [dB(A)]
not installed 45
810 mm? x 8
installed 49 adopted
not installed 50 adopted
610 mm? x 8
installed 54
810 mm? x 8 not installed 60
410 mm?2 x 8 not installed 53
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Dimensions in millimetres

43,4

34,2 38,4 38,4

A
A
A
Y
A
Y

610 mm? 810 mm?2 Low-noise type 940-mm?
IEC

Figure B.10 — Shape of conductor

b) Barth wire selection

OPGQW 500 mm? is selected as a basic earth wire. This is newly developed based on the
requirements shown in Clause G.4.

For places where residences exist within 300 m of transmission line, the facility is designed
that|wind noise mitigation measure (spiral rod) can-be installed to OPGW 500 mm?2. |See
Figure B.10 for 940 mm? conductor configuration.

For Minami-lwaki Trunk Line, since the route<is frequently close to residences, the ngwly
devéloped low-noise type OPGW 480 mmZ2 af& adopted instead of OPGW 500 mm?2 with Wwind
noisg mitigation measure. This earth wire has some thickened outer layer strands to supplress
wind noise. See Figure B.11 for 500 mmZ2iand 480 mm2 OPGW configuration.

Dimensions in millimetres

OPGW 500 mm?

IEC

c) Anti-vibration measure for conductor and earth wire

Distributed damper are adopted for earth wire. See Clause E.4 for details.

B.4.3 Insulation coordination

a) Insulator design

For UHV AC transmission line in Japan, porcelain insulator of suspension type and anti-
pollution suspension type are adopted.

Several diameter are prepared for each insulator, and they are used to shorten the length of
insulator string while taking into consideration air gaps and construction costs.
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Table B.18 — Specifications of insulator

type suspension type anti-pollution suspension type
diameter 320 mm | 340 mm | 380 mm 400 mm 420 mm
coupling length | 195 mm | 205 mm | 240 mm 195 mm 205 mm
strength 330 kN | 420 kN 530 kN 330 kN 420 kN

The target withstand voltage under pollution or snow is calculated using the following

formulas:
power frequency: Um/«/§~KSg (8.11)
switching surge: «/E-Um 13 n (B.12)
whefe
U,, i the maximum voltage: 1 100 [kV];
ngi; the sound phase voltage factor at single phase ground fault = 1,10 to 1,20;
n i$ the switching surge factor: 1,6 p.u. to 1,7 p.u.
The |withstand voltage of single insulator under pollution”or snow is shown as Table §.19,
Table B.20. For Minami-Niigata Trunk Line, since thel{route passes through heavy snow areas,
the drop of withstand voltage under snow is also taken into consideration.
The|region of pollution and snow is detesmined by comprehensively judging the ffield
obsérvation, the distance from the coast, thé topography and so on.
Table B.19 — Withstand voltage of single insulator in pollution [kV/unit]
. . anti-pollution
region ESDD suspension type suspension type
320 mm 340 mm 380 mm 400 mm 420 mm
A 0,011 mg/cm? 19,5 20,5 24,0
powgr frequency
withgtand voltage B 0,03 mg/cm? 15,0 15,8 18,5 18,5 18,8
C 0,06 mg/cm? 12,8 13,6 15,7 15,9 16,2
A 0,011 mg/cm? 52,4 55,1 64,5
swifching surge
withdtand voftage B 0,03 mg/cm? 40,3 42,4 49,7
C 0,06 mg/cm? 34,4 36,5 42,2

Table B.20 — Withstand voltage of single insulator under snow [kV/unit]

suspension type
region snow conductivity
340 mm 380 mm
power frequency | 100 yS/cm 14,5 17,0
withstand voltage 1 50 pS/cm 16,0 18,8
switching surge | 100 uS/cm 27,2 31,9
withstand voltage 1 50 pS/cm 31,1 36,4
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b) Air gap

50 % flashover withstand voltage (Usg) for power frequency or for switching surge is
calculated using following formulas:

power frequency: Usg =Up, /\/§-K1 Ky [kV] (B.13)
switching surge: Usy =~N2-Upy 133 -n-Kq-Ky [kV] (B.14)
whefe

U, i$ the maximum voltage = 1 100 [kV];

n i$ the switching surge factor = 1,6 p.u. to 1,7 p.u.;
K, is the altitude correction factor, see Table B.21,
K, is the withstand voltage factor = 1/0,91 (power frequency), 1/0,85 (switshing surge).

Air dap (d;,) for power frequency or for switching surge is calculated’using following empirical
formjulas:

power frequency: dgir = (e*/E'U50/1 080/k -1)/0;46 (B.15)
swit¢hing surge: dgir = (eU50/1 080”‘-1)/0,46 (B.16)
whefe

Usq | is the 50 % flashover withstand voltage [kV];
k is the gap coefficient = 1,35 (power frequency), 1,19 to 1,41 (switching surge).

Table B.21 — Altitude correction factor K,

altitude
H <800 m 800 <H<1800m 1800m<H<2100m
(H)
power frequency 1,12 1,22 1,25
switching surge 1,05 1,10 1,11

The [hornsspacing is set as 6,3 m for suspension tower or 5,9 m for tension tower. |It is
determined under the condition that the horn spacing is larger than the length of insujator
stringx0;85 (horn spacing efficiency) calculated from the pollution withstand voltage for ppwer
frequency, air gap for switching surge, and the height of tower or the width of conductors is
not excessively enlarged. The lightning flashover rate assumed by this horn interval is 0,28
times to 0,48 times/100 km/year.

The standard insulation gap is set to the horn spacing x 1,1 to fix the flashover path between
the horns.
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B.4.4 Wind noise
a) Characteristics of wind noise
— Wind noise from conductors

When a uniform wind is applied from the direction perpendicular to the conductor, Karman
vortices appear and disappear periodically in the lee side of the conductor. This generates
pressure fluctuation in the air causing audible sound with a dominant frequency. In case of a
turbulent wind, the wind noise has no dominant frequency, so that it is less likely to cause
complaints.

The [dominant frequency is proportional to 1/d and U, where "d" is the diameter 1of| the
conductor, "U" is the wind velocity. It is a low frequency of 50 Hz to 200 Hz for the.aordinary
conductor and the strong wind that occur frequently.

The |directivity of wind noise is perpendicular to the conductor and the ‘wind. The wind
gengrally blows horizontally; the loudest wind noise is heard beneath the transmission ling.

The [noise level is proportional to U6 for the wind velocity "U". The U\ AC transmission| line
is vylnerable to this effect because the wind velocity increases as the height of the condyctor
incrgases.

Wheln two conductors are arranged horizontally, the wakecofithe upwind conductor interIeres
with|the Karman vortex of the downwind conductor causing louder noise. This phenomeénon
becqmes remarkable when the spacing between the cofnductors is 5 to 10 times the dianmeter
of cpnductor. In this condition, the noise level of7double conductors arranged horizorjtally
becqgmes about 8 times as large as that of a single*conductor. On the other hand, the noise
leve| of double conductors arranged vertically is_simply twice that of a single conductor.|The
UH\ AC transmission lines using multiple conductors are facilities that generate loud noige in
this fegard.

— Wind noise from insulators

n an insulator with pleats is exposed to wind from a particular direction, a periodical|flow
is formed within the pleats. If jtieoincides with the natural period of the insulator string|at a
spedific wind velocity, it sounds”as a large resonance sound. It has a dominant frequengy of
sevdral hundreds Hz and is“@ characteristic tone often likened to a whistling sound. The gvent
bility is low, and the hoise occurs intermittently, because it is not generated unlesg the
conditions of wind direction and wind velocity are matched.

The lwind direction: of about 65 degrees to 85 degrees to the axis of the insulator string fis in
condition thatihe noise may occur. In order to satisfy this condition, a suspension insujator
devigce in which the insulator axis is oriented vertically requires a topographic feature|that
caudes a slight upward wind, while a tension insulator device in which the insulator axis is
oriented horizontally requires wind blowing from a specific direction (about only 1/4 of all wind

directions-meet-the-condition)-

The condition of wind velocity that the noise may occur is depending on the type of insulator,
and are discrete, for example, around 10 m/s, 15 to 18 m/s and 27 to 38 m/s. When the wind
velocity is high, the dominant frequency is high, the noise level is high, and the condition of
wind becomes wide.

b) Reference level of wind noise

The wind noise from both conductors and insulators have dominant frequency. When the wind
noise exceeds the background noise + 10 dB(A) at the frequency, the psychological influence
and the possibility of leading to complaints would increase, but it is recommended to
determine the reference level by conducting experiments because the feeling differs
depending on the person.
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Since wind noise fluctuates irregularly, Ls, Lgg, Lgq, Lgn are useful in order to examine the
relationship between noise level and complaints as well as the corona noise. These values
should be compared with the background noise + 10 dB(A). However, if the possibility is very
low, such as the wind noise from insulators, it is difficult to predict whether the noise leads to
complaints or not by this approach.

c) Prediction of wind noise
— Wind noise from conductors
The characteristics of the wind noise with respect to the wind velocity, the diameter of the

conductor, the conductor arrangement, the directivity and others should be obtained in
advgnce through the existing transmission lines, test lines, and wind tunnel experiments.

The [level and probability of the noise could be predicted from the characteristics and statistics
of w|nd direction and wind velocity in the route.

— Wind noise from insulators

The [characteristics of the wind noise with respect to the type of insulator) wind velocity, wind
diregtion and others should be obtained in advance through existingctransmission lines,|test
lined, and wind tunnel experiments.

The [level and probability of the noise could be predicted from the characteristics and statistics
of w|nd direction and wind velocity in the route.

d) Mitigation measures of wind noise

If complaints about wind noise are predicted or occur, the following measures should be taken
appfopriately to mitigate the wind noise.

— Wind noise from conductors

Install spiral rods to the conductors.l'he spiral rod make the surface of the condugtors
uneyen, and suppress the Karman vortex in the lee side of the conductors.

The spiral rod mitigates wind neise but induces corona discharge of the conductor. In ordgr to
reliepe this, a winding form such as two tight strips or four diagonal strips is adopted.

As d relaxation measure\similar to the spiral rod, there is a low-noise conductor designgd to
suppress the Karman.wortex and prevent corona discharge by changing the strand diameter or
shape of the outer layer by several pieces.

— Wind noisédrom insulators

Atta¢ch vibration absorbers to the connecting part (pin and cap) of the insulator to suppress
the rlesonance of the insulator string.

B.4.5 Tower and foundation
a) Tower

Comparing three cases (1 route of double circuits vertical arrangement self-supporting tower,
2 routes of single circuit horizontal arrangement self-supporting tower, 2 routes of horizontal
arrangement single circuit guy-supporting tower), the first is judged to be economically
advantageous and adopted.

The tower has two earth wires. They are arranged 2,5 m outside of conductors to make
shielding angle negative.
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Since loads for tower are large and members of tower are long, most of members, including
arms, are steel pipes.

The materials of STK400 (tensile strength 400 N/mm2) and STKT590 (tensile strength
590 N/mm?2) are used for steel pipes.

The grade of 5,8 (tensile strength 520 N/mm?2), 6,8 (tensile strength 500 N/mm?2), 9,8 (tensile
strength 900 N/mm?2) are used for bolts.

b) Loads for tower design

The| load of wind, ice accretion, snow accumulation have been determined| by
comprehensively judging public weather data, local weather observation data over seyeral
years. Two kinds of criteria have been adopted for wind loads: one is based on average wind
spedd and the other is based on gust wind speed. The detail of loads used for tewer design is
shown in Table B.22.

Table B.22 - Loads for tower design

Criteria condition Detail of loads strength
Avefage wind speed wind pressure
method high temperature season 880 Pa (conductor) o,

1270 to %470 Pa (tower)

wind preSsure
44Q Pa (conductor)

low temperature season 635 Pa to 735 Pa (tower) o

ice accretion
6 mm to 9 mm, density = 0,9

Gustt wind speed wind pressure
method strong wind 1 670 to 3 630 Pa (conductor) o
2 750 to 6 080 Pa (tower)

snow accretion
30 mm to 50 mm, density = 0,6
snow wind pressure Oy

300 Pa to 440 Pa (conductor)
780 Pa to 1 320 Pa (tower)

ice accretion

3 kg/m to 8 kg/m
ice wind pressure Oy
300 Pa to 490 Pa (conductor)
260 Pa to 300 Pa (tower)

Snow ‘acCumulation pressure of snow settling and moving

with load of low temperature

c) Foundation

Foundation of UHV AC transmission line is required to withstand large load, pile type
foundation and caisson type foundation are mainly adopted. Pile type is applied to roughly
plain location, and caisson type is applied to steep slope.

As for caisson type, anchor type and expanded base type are adopted, which can withstand
large load while suppressing construction costs. See Figure B.12 for Pile and Caisson type
foundation.
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Figure B.12 — Foundation type
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Annex C
(informative)

Construction practice of UHV AC transmission lines in different countries

CA

General

Basic construction practice of UHV AC transmission lines in different countries
respectively given in Clause C.2 (China), Clause C.3 (India) and Clause C.4 (Japan).
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C.2
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N
Construction practice in China Qq/

length of path of Yuheng-Weifang 1 000 kV AC transmission line is abo %%60 km,

the line route crossed Shaanxi, Shanxi, Hebei, and Shandong province. The line consis
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a) Anchor drilling rig b) Rotary drilling rig

Figure C.1 — Machinery for foundation construction
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c) Assembling of tower

Holding pole is widely used in assembling towers, the common holding pole has single
holding pole, humanoid holding pole, holding pole with rotating arm, combined holding pole,
and so on. In the plain area, crane may be used. Electric constant torque wrench can be used
for bolt fastening.

d) Stringing

Unreeling and setting the leading string by the aid of dynamic parachute, unmanned aerial
vehigteamdairstip—Thenmtractors;temsioners—andother mechamcatequipment cambeusegd in

the gtringing of conductor and ground wire.
e) [uality control

To gnsure the engineering quality, the model of the whole process of quality’ managemepnt is
adopted. For example, In the material production process, mill supervisian®is used in facfory,
and jn the construction site, uses the field supervising.

C.3| Construction practice in India

The [transmission line towers are self-supporting lattice structures. Steel section of tested
qualjty of grade E 250 (Designated Yield Strength 250,Mpa) and/or grade E 350 (Designjated
Yield Strength 350 MPa) are used in towers and-extensions. Open cast foundations of
following types are used for transmission lines in India:

i) Dry Vi) Wet Fissured Rock

i) Wet viii) Submerged Fissured Rock
iii) Partially Submerged ix) Wet Black Cotton

iv) Fully Submerged X) Sandy

V) Wet Paddy xi) Hard Rock

vi) Dry Fissured Rock

Pile foundations are used for locations falling within the course of river which are likely tg get
scoyred or at locations’having soil of very poor bearing capacity.

The |erection_af-towers is conventionally carried out using gin pole, derrick, centre mast,| etc.
throligh usage of power operated Winch machines. At some locations, cranes are also yised
for towep-‘erection. The stringing of conductor is carried out by tension stringing technlique
using power operated winch machines. Ladders with suitable hooks are used to facilitate
workeh'movement on insulator strings. Sagging bridges/working platform with pull lifts| are
used at crossarm level for facilitating sagging and dead-end jointing.

Helicopters can also be used for stringing of conductors and drones can be used for stringing
of pilot wires or ropes for pilot wire.

C.4 Construction practice in Japan

For UHV AC transmission line in Japan, the following measures are adopted in order to
efficiently construct large-scale equipment.
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a) Transportation

Vehicles, cableways and helicopters of 3 t class are used for transportation of materials and
equipment.

b)

Foundation

The depth of caisson type foundation is several 10 m, excavation and soil removal work are
mechanized.

c)

Clim
the |

d)

In o

Assembling of tower

bing crane of 36 t-m to 65 t-m class is used for assembling of tower. In accofdance
fting capacity of the crane, limit weight of each member and arm block are set.as 2,8

Stringing

rder to minimize work on the tower, the prefabricated stringing~“method and the

prefabricated stringing method are adopted.

The
the
attac
strin

prefabricated stringing method is in which marks are attached to calculated positiof
conductor in the factory, it is cut according with the markKs and compression clamps
hed on the ground at the site, then stringing is (carried out. The full prefabric
ging method is in which clamps are attached to,calculated positions of the conduct

the flactory, then stringing is carried out immediately:

with

full

s of
are
ated
Dr in
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Annex D
(informative)

Flashover voltage test result for air clearances in different countries

D.1 General

Main flashover voltage test result of UHV AC transmission lines in different countries are
respectively given in Clause D.2 (China), Clause D.3 (India) and Clause D.4 (Japan).

D.2| Flashover voltage test result for air clearances in China

D.2.] 50 % Power frequency flashover voltage test results for air clearances of
transmission line structures

See|Figures D.1 to D.10 for arrangement of power frequency flashover,violtage test for single
and double circuits lines.

Figure D.1 — The arrangement of power frequency flashover voltage test
for side-phasejair clearances of 1 000 kV cat-head type towers

A
1800

1600 /

1400 /
/

Usgo, (KV)

1200 A
1000 ‘,/
800 >
1 2 3 4 5

Air clearance d (m)
IEC

Figure D.2 — The 50 % power frequency flashover voltage characteristic for air
clearance from side-phase conductor to tower body for 1 000 kV cat-head type towers
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Figure D.3 — The arrangement of power frequency flashover voltage)test
for side-phase air clearances of 1 000 kV cup type towers
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Figure D.4 — The 50 % power frequency flashover voltage characteristic
for air clearance from side-phase conductor to tower body for 1 000 kV cup
type-towers 1 000 kV cup type towers
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Dimensions in metres
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Figure D.5 — The arrangement of power frequency flashover voltage test
for air clearances of 1 000. kV double-circuit lines
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Figure D.6 — The 50 % power frequency flashover voltage characteristic

to tower body for 1 000 kV double-circuit lines
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Dimensions in metres
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leg

\ IEC
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igure D.7 — The arrangement of the power frequency flashover voltage test for ajr
clearances of bottom-phase with I-type string of 1 000 kV double-circuit lines
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Figure D.8 — The power frequency flashover voltage characteristic

to tower body of 1 000 kV double-circuit lines

D.2.2 50 % Switching impulse flashover voltage test results for air clearances of
transmission line structures

The wind speed concurrent with switching overvoltage is generally taken as 50 % of the basic
wind speed and the time to peak of the switching impulse test waveform for UHV AC lines is
generally taken as 1 000 us. See Figure D.9 and Figure D.10 for arrangement of switching
impulse flashover voltage test of 1 000 kV line.
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IEC

Figure D.9 — The arrangement of switching impulse flashover voltage test
for side-phase air clearances of 1 000 kV cat-head type towers
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Figure D.10 — The 50 % switching impulse flashover voltage characteristic
for air clearances-from conductor to tower body of 1 000 kV lines
(with a time to peak of 250 ps)

When the air clearance-from the side-phase conductor (with I-type string) to tower leg
swinfg angle considered is 5,6 m, and the switching impulse test results with different

time

to peak are as'shown in Table D.1.

Table D.11"— Switching impulse flashover voltages of side-phase air clearances
of 1 000 kV cat-head type towers with different test time to peak

time to peak

with
test

£ZOU oUU LI"A%AY o UUU
us

U50 %

kV

1789 1880 1915 2125
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Figure D.11 — The arrangement of switching impulse flashover voltage test
for middle-phase air clearances of 1 000 kV cat-head type towers

re D.11 shows the arrangement of switching impulse flashover ‘\oltage test for mig
e air clearances, and Table D.2 lists the switching impulse flashover voltage test re
r clearances from conductor to tower window with different test time to peak. Table
the switching impulse flashover voltage for air clearance from the middle-p
uctor to tower window in the arrangement shown in Eigure D.14 a) and Figure D.1
re D.12 and Figure D.13 show the arrangement of switching impulse flashover vol
for side-phase air clearances of 1 000 kV cup typetowers and the 50 % switching imp
over voltage characteristic for air clearances from conductor to tower body of 1 00
Figures D.14 to D.26 show the switching, impulse flashover voltage test resul
D kV lines.

Table D.2 — The switching impulse flashover voltage of air clearances
from middle-phase conductor'to tower for 1 000 kV full-scale towers

time to peak

250 1000 5 000

us
Uso o

kV

1801 2015 2 149

Dimensions in

IEC TS 63042-202:2021 © IEC 2021

etres

dle-
sults
D.3
nase
1 b).

tage

ulse
D kV
for

etres

22,68°

Figure D.12 — The arrangement of switching impulse flashover voltage test for side-

phase air clearances of 1 000 kV cup type towers
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Figure D.13 — The 50 % switching impulse flashover voltage characteristic
for air clearances from conductor to tower body of 1 000 kVlines
(with a time to peak of 250 us)

Dimensions in netres

X

IEC IEC

a) Middle-phasel7,9'm b) Middle-phase 8,1 m

Figure D.14 — The-arrangement of switching impulse flashover voltage test for middle-
phase air clearances of 1 000 kV cup type towers

Table D.3 — The switching impulse flashover voltage for air clearance
from the middle-phase conductor to tower window in the arrangement
shown in Figure D.14 a) and Figure D.14 b)

time to peak (us) 250 1000 5000

Figure D.14 a) Us, (kV) 1862 2035 2217

Figure D.14 b) Uy (KV) 1909 2064 2248
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Figure D.15 — The arrangement of switching impulse flashover voltage
test at long time to peak for middle-phase air clearances (with I-type string)
of 1 000 kV double-circuit lines
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gure.D.16 — The 50 % switching impulse (1 000 ps) flashover voltage characteristic
fon

airclearances from conductor to bottom crossarm of 1 000 kV double-circuit lines
(a distance of 9,0 m between conductor and middle crossarm)
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Figure D.17 — The arrangement of switching impulse flashover voltage test
for air clearances from middle-phase conductor (with V-type string)
to bottom crossarm of 1 000 kV double-circuit lines
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Fighre D.18 — The 50 % switching impulse (1 000 ps) flashover voltage characteristi¢ of
airclearances from conductor to bottom crossarm of 1 000 kV double-circuit lineg
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Figure D.19 — The arrangement of switching-impulse flashover test
for air clearances from middle-phase conductor (with V-type string)
to tower body of 1 000 kV double-circuit lines
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Figyre D.20 — The 50 % switching impulse (1 000 ps) flashover voltage characteristiq for
air clearances from conductor to tower body of 1 000 kV double-circuit lines
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Figure D.21 — The arrangement of switching impulse flashover voltage test
for air clearances from middle-phase conductor (with V-type string)
to middle crossarm of 1 000 kV,\double-circuit lines
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Figuyre/.D.22 — The 50 % switching impulse

(1 000 ps) flashover voltage characteristig for
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Figure D.23 — The arrangement of switching impulse flashover voltage test
for air clearances from bottom-phase conductor (with-V-type string)
to crossarm of 1 000 kV double-circuitlines
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Figure D.24 — The 50.%'switching impulse (1 000 ps) flashover voltage characteristig for
air clearances.from conductor to crossarm of 1 000 kV double-circuit lines
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Figure D.25 — The arrangement of switching impulse flashover voltage test
for air clearances from bottom-phase conductor (with-V-type string)
to tower body of 1 000 kV double-circuit lines
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Figure D.26 — The 50 % switching impulse (1 000 us) flashover voltage characteristig for

D.2.3 50 % Lightning impulse flashover voltage test results for air clearances of

transmission line structures

air clearances-from conductor to tower body of 1 000 kV double-circuit lines

The| concurrent wind speed for lightning overvoltage is generally taken as 10 [m/s.

Figul'es D+27 to D.31 show the lightning impulse flashover voltage test for 1 000 kV lines.
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