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ABSTRACT

The current Right of Way (ROW) practices in Nepal for high-voltage transmission lines
(HVTLs) are standardized based solely on voltage levels, without accounting for factors
like span lengths, conductor types, or tower configurations. This limits the potential for
ROW optimization and increases environmental impacts, especially in forested and
urban areas. Moreover, Nepal's current ROW regulations do not allow for land use
under transmission lines. Electric and magnetic field levels beneath and at the edge of
the ROW also significantly influence ROW requirements, particularly for High VVoltage

lines.

This thesis evaluates ROW requirements and electric and magnetic field profiles for
132kV, 220kV, and 400KV double circuit transmission lines using both I-string and V-
string insulators. The electric and magnetic field levels were analyzed at 1.8m and 3.5m
heights and during conductor swing conditions. Findings show that while the standard
ROW is generally sufficient for 220kV and 400kV lines with standard spans, it is
inadequate for 132kV lines. Further the ROW for all voltage levels is found to be

insufficient for long spans.

The study reveals that electric and magnetic field levels are within ICNIRP limits at
1.8m height but exceed safety limits at 3.5m height for 400kV lines. In 132kV lines,
the electric field at the edge of an 18m ROW reaches 83kV/m during swing conditions,
which drops to 4kV/m when a 23m ROW is used.

The ROW requirements for 400kV, 220kV and 132kV HVTLs on the gantry span are
found to be within the standard ROW values. And the field values are found to be within

the recommended limits by ICNIRP.

Further, trees up to 4.1m can be planted throughout the ROW, while the maximum
allowable tree heights at ROW edges are 5.8m (132kV), 6m (220kV), and 7.1m
(400kV), which can be increased using tower extensions. For 132kV lines with a 23m

ROW, the maximum allowable tree height at the edge can reach 6.7m.
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CHAPTER-1: INTRODUCTION

1.1. Background

Overhead AC transmission lines are predominant in Nepal and, with the increasing
generation capacity, integration of renewables and distributed energy resources,
increasing local energy demand and the possibility of cross-border energy sale, the
requirements for High Voltage AC Transmission Lines (HVTLs) will be more than
ever. The Nepalese transmission network is composed of 400kV, 220kV, 132kV and
66kV single circuit and double circuit transmission lines. There are many transmission
line projects under construction and many more under feasibility study and design

phase.

As per the NEA annual report — 2024, Nepal currently has 3967 circuit-km of 132kV
TL, 1105 circuit-km of 220kV TL and 384 circuit-km of 400kV TL. Further, there are
multiple under construction transmission line projects amassing total of 1247.6 circuit-
km of 132kV TL, 583 circuit-km of 220kV TL and 450 circuit-km of 400kV TL.
Moreover, there are multiple planned and proposed HVTLs amassing total of 936
circuit-km of 132kV TL, 1780 circuit-km of 220kV TL and 3634 circuit-km of 400kV
TL. Most of these lines are double circuit transmission lines and few are single circuit

and multi-circuit transmission lines.

The Right of Way, also called Transmission Corridor, is a minimum safety corridor
around power lines to meet the requisite safety clearances as well as the electromagnetic
field exposure limits. This strip of land is also required by utilities for constructing,
maintaining and protecting its transmission lines. In Nepal, the existing practice of
ROW for 132kV, 220kV and 400KV transmission lines are 18m, 30m and 46m.

Transmission line projects affect forest areas and local communities, particularly
villagers whose lands are used for the construction of transmission towers and the
installation of conductors. These projects also impact natural resources, such as crops
and trees, especially when the transmission lines pass through agricultural or forested

areas.

The electric and magnetic fields below the line and at the edge of the ROW are also a
governing factor while estimating the ROW requirement of HVTLs. They occur in



nature and have become much more prevalent in our everyday lives through man-made
sources such as electric power. When planning transmission lines, it is important that
designers have a reasonable understanding of the nature of both so it can be considered
during design; understand the effects of electric and magnetic fields from transmission
line operation, including corona; and mitigate these effects by modifying the design,

where possible.

Electric fields are generated by voltage, while magnetic fields are generated by current.
These fields are coupled when the distance from the source is significantly greater than
the wavelength. However, if the wavelength is much larger, the fields become
independent and should be treated separately. For low-frequency fields, such as those
in power systems, the wavelength is about 3,100 miles, which is much larger than the
typical distance of interest from the source, so the fields are considered independent.
When electric and magnetic fields are coupled, they are known as electromagnetic
fields; when they are not coupled, they are referred to as electric fields and magnetic
fields.

Currently, there is not any established practice and approach in Nepal for estimating
these field limits and no provision has been made for safe limits. The transmission line
traverses for a long distance and is within the vicinity of the public. Therefore, it is
crucial that the electric and magnetic field values around these transmission lines are
determined/estimated and kept within the acceptable limits and sufficient ROW is

maintained.

Furthermore, most of the transmission lines in Nepal transverse through the forest areas,
cultivable lands and valleys. There is no provision for the utilization of such lands
below the transmission lines. Encouraging landowners to grow low-height trees, such
as fruit-bearing plants and flowers and herbs on these lands, especially in forest areas
and valley crossing areas, could provide landowners with additional income and act as
a buffer for transmission corridors and mitigate the issue of ROW encroachment and

help foster a positive relationship with the transmission licensee.

In this thesis, the Right of Way requirements and the electric and magnetic fields of
HVTLs, viz. 132kV, 220kV and 400kV are assessed. The ROW requirements have

been estimated for standard spans, reduced spans, long spans and gantry spans. The



ROW requirements and electric and magnetic field of HVTLs with V-string suspension
insulators have also been estimated. Furthermore, the possibility of land utilization
with tree plantations along the ROW has been assessed for 132kV, 220kV and 400kV

transmission lines.

1.2. Problem Statement

The current ROW practices in Nepal are based on the voltage level and are considered
the same values irrespective of design span lengths, type of conductor and tower
configurations, which leaves no room for ROW optimization and the possibility of
mitigating the impact on forest and urban areas. The ROW reduction and optimization
could be achieved by adapting new innovative technologies and implementing site-
specific design criteria, such as for rural areas, urban areas and forest areas. This could
help in reducing ROW costs and impact on forest and social infrastructure. Further, the
ROW consideration for HVTLs is much lesser than international practices, which are
also guided by the electric and magnetic fields. For example: in India, the ROW for
66kV, 132kV, 220kV and 400KV overhead transmission lines are 18m, 27m, 36m and
46m respectively. Similarly, the utilities like LUMA and PG&E estimates the ROW
based on conductor blowout at 8 to 9 psf wind with additional clearance buffer of 4.5ft
to 6ft, which results in typical values of 100ft (30.48m) for 115kV TL and 200ft
(60.96m) for 230kV TL. Whereas in Nepal, the ROW considered for 66kV, 132kV,
220kV and 400kV transmission lines are 12m, 18m, 30m and 46m.

Moreover, the transmission line utilities and the governing authorities do not have any
established guidelines nor standards for the limits of electric and magnetic fields
in/around transmission lines. The transmission line projects/utilities do not calculate the
electric and magnetic fields in their transmission lines nor have any robust basis for
ROW consideration. The electric and magnetic fields of the overhead transmission lines
must be assessed, defined and maintained within the acceptable limits either by change
in configuration of power conductors or by implementation of ways to reduce those
values and by considering appropriate ROW. Besides physical electrical clearances, the
ROW of overhead transmission lines is also guided by the electric and magnetic fields

within the vicinity of the transmission lines.



Further, the majority of public concerns regarding HVTLs are related to:

e The project taking land or putting restrictions on how locals can use their land.

e Impacts on the livelihoods of local people and community resources.

e Environmental impacts, including cutting trees and electrocution of birds and
animals.

e Negative aesthetic impacts.

e Fears about the impact of electromagnetic radiation on the health of people,

livestock and crops.

Therefore, the primary strategy and focus should be on implementing measures that
benefit the affected individuals and communities, aiming to mitigate or reverse any

negative effects on the environment, ecology, and society.

This study aims to assess the ROW requirements and the electric and magnetic fields
of HVTLs, viz. 132kV, 220kV and 400kV in the context of Nepal and explores the
possibility of land utilization with tree plantations along the ROW. Further, this study
will contribute to the knowledge and understanding of ROW requirements and electric
and magnetic field of HVTLs in Nepal. The outcomes of this study will have practical
implications for power utilities, engineers and policy - makers, enabling them to make

informed decisions and implement effective measures.

1.3.  Objective and Scope

The main objective of this thesis is to assess the ROW requirements and the electric
and magnetic field of HVTLs in Nepal. The study on ROW requirements and the

electric and magnetic fields has been carried out with the following scopes:

e Sag tension analysis of the HVTLs and development of sagging criteria.

e Model the high voltage overhead transmission lines in PLS-CADD considering

flat terrain and a 4-span scenario.

e Analyze the conductor blowouts and ROW requirements for standard spans,

reduced spans and long span.

e Analyze the conductor blowouts and ROW requirements for HVTLs with I-

string and V-string suspension insulators.



e Estimate the electric and magnetic field below the line and at the edge of the
ROW for HVTLs at 1.8m ht., 3,5m ht. and during design swing conditions.

e Analyze the gantry spans for conductor blowouts and ROW requirements as

well as electric and magnetic fields.
e Evaluate the allowable tree heights and plantation corridor for the HVTLSs.

e Recommend the potential solution and revisions required to existing practices
to make the HVTLs more resilient and compliant with international practices.

1.4. Outline of Thesis

The thesis has been organized into five chapters:

Chapter | serves as an introductory chapter and provides the general background of
the study. This chapter further focuses on highlighting the statement of problem,

objective and scope of works.

Chapter Il gives an overview of the existing provisions of ROW and electric and
magnetic field for HVTLs in Nepal. This chapter also provides a comprehensive
overview of international practices for ROW and electric and magnetic fields for
HVTLs.

Chapter 111 elaborates the methodology employed in this study. This chapter provides
the basis of data collection and sag tension calculations. It also includes an approach
for the PLS-CADD modeling of HVTLs. Further, the chapter entails the approach and
scenarios for conductor blowouts and ROW requirements as well as electric and

magnetic field calculations.

Chapter 1V provides the results obtained from the study. The chapter provides the
detailed results of conductor blowouts and ROW requirements for HVTLs for standard
spans, reduced spans, long span and gantry span. It also includes the results of the

evaluation of allowable tree heights and plantation corridors for HVTLSs.

Chapter V summarizes the results and findings of the thesis and proposes

recommendations for transmission utilities and further research work.



CHAPTER-2: LITERATURE REVIEW

2.1.  Overview of Existing Provisions in Nepal

The high voltage overhead transmission lines in Nepal are mainly owned and operated
by NEA. Another transmission utility, Rastriya Prasaran Grid Company Limited
(RPGCL), was established in 2015 by the Government of Nepal to develop the
electricity transmission system. The RPGCL focuses on the development of
transmission infrastructures to facilitate the electricity market for the management of

the transmission grid to supply reliable electricity.

The Department of Electricity Development (DOED) functions as the regulatory and
licensing body for the development of high voltage overhead transmission lines in
Nepal. And the Electricity Regulatory Commission (ERC) functions as the regulatory
body of Nepal’s power sector. The current provisions, rules and regulations governing
ROW for HVTLs in Nepal are as follows:

Provision under Nepal Electricity Grid Code, 2080

Section 4.5 Safety Standards: The grid owner shall operate and maintain the grid in a
safety manner in accordance with the provisions in the Electricity Rules, 2050 (1993)
and any amendments thereof. Other provisions not covered by this regulation shall be

in accordance with the best industry practice.

Provision under Electricity Rules, 2050

Rule 48 — Minimum distance from ground to the electric wire

(1) Electric wires of various volts in the distribution and transmission system must be
at least as far from the ground as specified in Schedule-12.

(2) If an electric line is to be constructed alongside or by the side of a road, the proper
technological measures must be taken.

(3) The distance specified for 33,000 volts in Schedule-12 must be increased by 0.305
meters for every 33,000 volts if an electric line of higher voltage is to be installed.



Rule 50 — Distance to be maintained on either side of the electric line

(1) The distance between a dwelling and a tree specified in Schedule-13 must not be
less than that when constructing an electric line for distribution and transmission.
(2) The distance specified for 33,000 volts in Schedule-13 must be increased by 0.305

meters for every 33,000 volts if an electric line of higher voltage is to be installed.

Rule 66 — Utilization of house and land around the construction site relating to

production, transmission and distribution of electricity may be prohibited

(1) The Government of Nepal may, by periodically publishing a notice in the Nepal
Gazette, forbid the use of the house and land at the construction site or at the
location falling within a certain distance around the construction site for any
specific purpose if any construction work has been done related to the production,
transmission, and distribution of electricity for the purposes of Sub-section (3) of
Section 33 of the Act.

(2) Nobody is allowed to build a house or plant a tree beneath an electric line that is
constructed for the transmission or distribution of electricity, or to build a house on

either side of such a line within the distance specified in Schedules 12 and 13.

Table 2.1: Schedule-12 of Electricity Rules (2050)

Distance which ought to be from wire to the ground
S. | Standard of Voltage of While Crossing the On the side of Road | In Other Places
N. | Electricity Road (meter) (meter) (meter)
1 Iln1 ,%ei)téveen 230/400 and 58 55 16
2 I3n3,%eot\éveen 11,000 and 6.1 58 59
Table 2.2: Schedule-13 of Electricity Rules (2050)
Minimum Distance which ought to be from wire to the house or tree
S.N. Standard of Voltage of Electricity Minimum Distance to be from house or tree (meter)
1 | Standard 230/400 to 11,000 1.25
2 From 11,000 to 33,000 2.00

Note: While determining the minimum distance as above, maximum deflection of wire arising due to air
pressure shall also have to be considered.




Rule 50 and Schedule-13 of the Electricity Rules, 2050 defines the minimum distance
to be maintained on either side of the electric wire, which in fact defines the ROW for
transmission and distribution lines and associated safety clearance corridors governed

by the wire swing during wind conditions.

The existing practices for ROW consideration in Nepal for HVTLs are as shown in
Table 2.3.

Table 2.3: Existing Practice for ROW of EHV Transmission Lines

S.N. | Voltage Level Right of Way Number of Circuits
1 |132kV 18m Single/ Double Circuit
2 | 220kV 30m Single/ Double Circuit
3 | 400 kv 46m Single/ Double Circuit

The above ROW values based on voltage level are considered for all projects,
irrespective of design span lengths, type of conductor, tower configurations, terrain and

altitudes.

2.2. Literature Review

This work examines several research papers and articles related to the estimation of
ROW and electric and magnetic fields of high voltage overhead transmission lines. The
summary of the papers and articles relevant to the thesis work is as follows:

In the document titled ‘Guidelines for Payment of Compensation in regard to Right of
Way for Transmission Lines in Urban Areas’ [4] authored by the Ministry of Power,
India, the ROW for different high voltage transmission lines has been estimated along
with the concept of reduced spans. The document recommends utilizing the reduced

spans in urban areas and forest areas due to lower ROW requirements.

In their publication authored by N. Y. Jayalakshmi and S.N. Deepa, titled ‘Modeling of
Electric and Magnetic Fields Under High Voltage AC Transmission Line’ [5], the
method for modeling of electric and magnetic field under high voltage AC transmission
lines is detailed. The electric and magnetic fields under high voltage AC transmission



line at 1m and 5m above the ground level have been computed for a 132kV transmission

line.

In their study [6] have presented the methods for mitigation of electric and magnetic
field under high voltage AC transmission line. The electric and magnetic fields under
high voltage AC transmission line at 1m above the ground level have been computed
for a 500kV single circuit transmission line by varying center phase height and varying
number of shield wires. Further, the authors relate the effect of electric and magnetic
fields for ROW consideration.

The guidelines by ICNIRP [7], provide guidance on limiting exposure to time-varying
electric and magnetic fields (1 Hz to 100kHz) to protect humans exposed to electric and
magnetic fields in low-frequency range of electromagnetic spectrum. The occupational
exposure limits for different time varying and frequency ranges have been

recommended. The guidelines also provide recommendations for protective measures.

In the article by I. Nair, M. Granger Morgan and H. Keith, titled ‘Biological Effects of
Power Frequency Electric and Magnetic Fields’ [8], the authors enlighten about the
biological effects of power frequency electric and magnetic fields. Experiments at
cellular level and whole animal level have been conducted. Further comparison
between laboratory and human exposure has been made. Further, the relation between
cancer and electromagnetic fields has been explored. The study concludes that the low-
frequency magnetic fields can interact with, and produce changes in, biological
systems. They concluded with the hypothesis that electromagnetic fields may play a
role in cancer or tumor developments. However, none of the findings constitute proof

or even necessarily a strong indication that it does.



CHAPTER-3: METHODOLOGY

3.1. Overall Flow Chart

The methodological approaches that have been adopted in this thesis are shown in
Figure 3.1.

Start
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Literature Review
v ’[ Design Cﬂ.tﬁ-’n‘.a ]
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l -[ Tower & Gantry Framings J
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3.5m ht & Design Swing Conditions

|

Figure 3.1: Process Flowchart
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3.2. Data Collection

The data regarding transmission line design, tower framings and gantry framings for
high voltage transmission lines in Nepal are collected from RPGCL and NEA. The
referenced tower framings and gantry framings are presented in Appendix A — Tower

Drawings. The wire specifications are presented in Appendix C — Wire Specifications.

The design criteria relating to the estimation of conductor blowouts and ROW
requirements are collected through study of different technical specifications and
design requirements of high voltage transmission lines as well as tender documents.
Further, the clearance requirements and safety requirements are collected from

Nepalese and Indian Standards.
3.2.1. Applicable Codes and Standards

The applicable codes and standards for the study are as follows:
i.  Electricity Rules 2050, Nepal.
ii.  ICNIRP guidelines for limiting exposure to time-varying electric and magnetic
fields.
iii. 1S 802 — code of practice for use of structural steel in overhead transmission line
towers, India
iv. 1S 5613 - code of practice for design, installation and maintenance of overhead

power lines, India

3.3. Tools and Software

The study is conducted using PLS-CADD software. The PLS-CADD is industry-
standard transmission line design software used by different utilities around the world,
including RPGCL and NEA in Nepal. This software allows for terrain modeling,
physical modeling and analysis of transmission structures, clearance analysis and

electric and magnetic field studies of overhead transmission lines.

3.4. Sag Tension Calculations

The modeling of transmission lines requires sag-tension calculations. The sag-tension
calculations for 132kV, 220kV and 400kV transmission lines are carried out for

standard design spans, reduced spans and long spans. The standard design span for
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400KV is considered as 400m and for 132kV and 220kV it is considered as 350m. The
sag tension calculations require wind pressure calculations as well as initial stringing

criteria.

Following scenario as per 1S-802 is considered for wind speed and wind pressure
calculations.
i.  Wind zone: 4
ii.  Reliability Level: 1
iii.  Terrain Category: 2
iv.  Basic Wind Speed: 47m/s

Further the initial stringing criteria is considered as follows,
i.  For Conductors: 22% of UTS at 32°C, No Wind — Everyday Condition
ii.  For Earthwire: Earthwire Sag < 90% Cold Sag of Conductor — Min. Temp.

Condition

The detailed sag tension calculations for conductors and earthwire of HVTLs are

presented in Appendix D — Sag Tension Reports.

3.5. PLS-CADD Modeling

The 400kV, 220kV and 132kV TLs are modeled in PLS-CADD, considering a 4-span
model. The standard tower framings and conductors are modeled, and design criteria

are applied to estimate the conductor blowouts and field values.

The following design steps are considered for PLS-CADD Modeling.

e Terrain Modeling: The terrain is modeled as flat terrain.

e Cable Modeling: The conductors and earth wire are modeled as per
specifications enlisted in Appendix C — Wire Specifications

e Structure Modeling: The towers are modeled as M1 structures. This method

allows to model the tower framing based on conductor attachment levels.

e Insulator Modeling: The I-string, V-string and tension string insulators are

modeled for M1 structures considering the standard dimensions and weights.
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e Criteria Modeling: The design criteria for the wire sagging are modeled by
following the tension values as presented in Appendix D — Sag Tension Reports.
Different weather conditions are established as per standard design practice and
guidelines to model and analyze the lines for conductor blowouts and electric
field and magnetic field calculations.

The detailed inputs of PLS-CADD modeling are presented in Appendix E — PLS-
CADD Modeling.

3.6.  Conductor Blowouts and Right of Way Requirements

The Right of Way, also called Transmission Corridor, is a minimum safety corridor
around power lines to meet the requisite safety clearances as well as the electromagnetic
field exposure limits. This strip of land is also required by utilities for constructing,
maintaining and protecting its transmission lines. The schematic representation of

ROW is as shown in Figure 3.2.

MAXIMUM SWING
MINIMUM ELECTRICAL
CLEARANCE

MINIMUM WIDTH OF RIGHT OF WAY
(ALL OBJECTS TO BE CLEARED IN THIS ZONE)

Figure 3.2: Right of Way Requirements [9]

The Right of Way requirements for HVTLSs are estimated considering the conductor
blowouts during wind conditions. The horizontal displacement of conductors and ROW

of overhead transmission line depends upon the following factors:
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Voltage Level: ROW requirement increases with increase in voltage level.
Span Length: ROW requirement increases with increase in span length

Type and Size of Conductor: ROW requirement could vary depending upon the

size and type/material of conductor being used.

Wind Speed/Zone: Higher wind speed increases the wire swing, thus increasing
the ROW requirements.

Structure Configuration: Narrow body structures, monopoles and multi-circuit

structures demand lower ROW.

Altitude Factor: Higher altitude demands higher electrical clearance
requirements, thus increasing the ROW requirements.

Electric and Magnetic Field Limits: The electric and magnetic field values

below the line and at the edge of the ROW shall be within specified limits.

The general formula for estimating the ROW for overhead TLs is as follows,

ROW = 2 x (Horizontal Displacement of Wires from Tower Center During
Design Swing + Minimum Electrical Clearance)

Here, Rule 50 and Schedule-13 of the Electricity Rules, 2050 define the minimum

clearance to be maintained on either side of the electric wires as, “if it is necessary to

install an electric line of more than 33,000 volts, it shall have to be done by adding

0.305 meters for each 33,000 volts on the distance as prescribed for 33,000 volts in

Schedule-13”. Such that the calculated minimum distance to be maintained from house

or tree during swing conditions for HVTLs will be as shown in Table 3.1.

Table 3.1: Minimum Electrical Clearance as per Rule 50 of Electricity Rules, 2050

S.N. | Voltage Level (kV) Minimum Electrical Clearance from Tree/House (m)
1 | 400kV 5.39m
2 220kV 3.73m
3 132kV 2.91m
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For this study, above values are rounded up considering the standard practices in
transmission line design as per Indian Standards. The final values considered for the

ROW estimation are as shown in Table 3.2.

Table 3.2: Horizontal Electrical Clearances considered for HVTLSs

S.N. | Voltage Level (kV) Minimum Electrical Clearance from Tree/House (m)

1 | 400kV 5.6m
2 | 220kV 3.8m
3 | 132kV 2.9m

The minimum electrical clearance values are considered fixed values and would only
vary depending on the elevation of a given transmission line. Therefore, the ROW
requirement for any HVTLs will mainly depend on the horizontal displacement of

conductors during the swing condition.

The transmission lines are modeled in PLS-CADD and corresponding design criteria
are applied for wire sagging. Then the wind pressures are identified for a given span
and conductors which will provide a 30° swing for I-string suspension insulators. The
blowouts for conductors are estimated considering that wind pressure and 30° swing
angle of I-string suspension insulators. And the same wind pressure is considered for
estimating the conductor blowouts for HVTLs with V-string suspension insulators,

tension insulators and the gantry spans.

For the ROW study of HVTLs with V-strings, tower framing similar to that of I-string
is considered. However, the crossarm insulator arrangements are modified to reflect the
crossarms requirements. The tower framings for HVTLs with V-strings are presented

in Appendix A — Tower Drawings.

The conductor blowouts and ROW requirements are estimated for standard design
spans, reduced spans, long span and gantry spans as enlisted in Table 3.3.

15



Table 3.3: Spans Considered for ROW estimation

S.N. | Voltage Level (kV)

Spans Under Consideration

1 | 400kV

Standard Span: 400m

Reduced Span: 300m, 200m

Long Span: 500m
Gantry Span: 100m

2 | 220kV

Standard Span: 350m

Reduced Span: 250m, 150m

Long Span: 500m
Gantry Span: 50m

3 | 132kV

Standard Span: 350m

Reduced Span: 250m, 200m, 150m

Long Span: 500m
Gantry Span: 50m

3.7.  Electric Field and Magnetic Field Calculations

The transmission lines are modeled in PLS-CADD using standard tower framing and

conductor configurations. The R-Y-B phases of a double circuit line are assigned

voltage and current values. The current and voltage assigned for each phase of HVTLSs

are shown in Table 3.4.

Table 3.4: Line-Line Voltage and Current for HVTLs

S.N. | Transmission Line Line-Line Voltage (kV) | Phase Current (Ampere)
1 400kV 400kV 900A
2 220kV 220kV 700A
3 132kV 132kV 500A
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The field profiles and maximum values at mid-span cross-section for HVTLs are

estimated for the following scenarios:

1.8m height above the ground

The electric and magnetic fields are estimated at mid-span, considering the flat
terrain and the conductors at maximum sag and nil wind conditions. During this
condition, the wires will be closest to the ground and will represent the normal
human height. This scenario is used to estimate the field values for both I-string
and V-string configurations.

3.5m height above the ground

The electric and magnetic fields are calculated at mid-span, considering the flat
terrain and the conductors at maximum sag and nil wind condition. During this
condition, the wires will be close to the ground and will represent the underbuilt

temporary structures.
Design swing condition

The electric and magnetic field are calculated at mid-span, considering the flat
terrain and the conductors at maximum sag and design wind condition. During
this condition the wires will be closest to the edge of the ROW and will allow
to estimate the maximum field values at the edge of the ROW considering the
building at the edge of the ROW. The height of 23m, 17m and 15m above the
ground are considered for the 400kV, 220kV and 132kV transmission lines for

estimating the field values.
Gantry Span

The gantry span is modeled considering the standard framing for the terminal
tower and the gantry. A double circuit arrangement is considered for the study.
The slack span of 100m is considered for 400kV TL, and 50m is considered for
220kV and 132kV TL. The field values are estimated below the lowest

conductor section at 1.8m height above the ground.
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The schematic representation of the above cases is shown in Figure 3.3.

Scenario—3: Bullding Height at the Edge of ROW

Figure 3.3: Electric Field and Magnetic Field Estimation Heights

3.7.1. Electric Field Calculation

An electric field is a vector field that represents the electric force experienced by a unit
charge at a specific point. It radiates outward from a point charge in all directions. The
electric field generated by transmission lines results from electric charges. The total
electric field from multiple point charges can be determined by calculating the vector

sum of the individual fields.

Point charges are used to model systems in translational equilibrium, making them
suitable for simulating the electric field of HVTLs. For three-phase systems, the
voltages applied to the three-phase high voltage transmission lines (HVTLS) are

assumed to be sinusoidal and are presented in phasor form as follows:
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V=V, 20° )
V, =V, £120° )
V3 =V, £240° 3)

It is presumed that the shielding wires have no potential. A system of linear equations
in complex unknown charges is produced by applying this potential as a boundary
condition at a number of surface locations of the HVTLs. The form of these equations

is as follows:
ZPiiQi_Vi i=1,2,....n (4)
i=l

where Pij stands for potential coefficients, Qj stands for unknown simulating charges,
and n is number of surface points. Moreover, Equation (4) can be arranged as follows:

[P][Q]=1V] (5)
Where;

[P] is square matrix of potential coefficients,
[Q] is vector of unknown charges,
[V] is vector of boundary conditions voltages

The line charge that replicates the system's transmission wires are provided by:
[Q] = [P] [V] (6)

To verify the accuracy, checkpoints are used at locations different from those used for
the surface points in the calculation. Once the solution quality measures are satisfied,
the electric field strength and potential at each point in space can be calculated using

the following analytical expressions:
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Where;

Eni, Evi are the component of an electric field at the specified i™ point in the horizontal
plus vertical paths, respectively, (kV/m),

Ly, Ky are the horizontal plus vertical electric field coefficients at specified i™ point,
respectively,

Vi is the potential at the specified i point, (V),
xi , yi are the coordinates of the i™ boundary contour point, and

x; , yj are the coordinates of the j" line charge.

3.7.2. Magnetic Field Calculation

A magnetic field is the area surrounding a magnetic material or a moving electric charge

where magnetic forces are exerted. Magnetic fields in transmission lines are generated
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by the flow of electrical current through the wires. As current flows through a power
line, it creates a magnetic field, known as an electromagnetic field (EMF). The strength
of the EMF is directly proportional to the amount of electrical current flowing through
the power line and weakens with distance from the line.

Magnetic field calculations are performed using the Biot-Savart law. Equation (15) can
be used to determine the H at a given point P (xi, yi) by applying the Biot Savart law

as follows:

H=—13 (15)
where:
| is current in the conductor in root-mean-square value of Ampere,
d is distance from the conductor in meters,

ao is unit vector, @, direction

The sum of the current contributions from each conductor determines the overall
magnetic field at a specific point P. The components of the field produced by the
conductor system with currents are shown in Figure 3.4. The field extends in the z-
direction, which is outward and perpendicular to the page.
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Figure 3.4: Magnetic Field Intensity Components for 3 Conductor System [5]

For HVTLs, the currents are sinusoidal and vary over time at given power frequency.
Such that, the field in the vicinity of the power transmission lines fluctuates with the

power frequency and phase. Algebraic methods can be applied to combine the various
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components, producing the amplitude of the required magnetic field (including both
horizontal and vertical vectors). For a three-phase system, the current can be expressed

as follows:

[1] = L 20°, T 21200, T, 2240° (16)
The complex depth o of conductor's image current can be derived as:

iz
a =263 (17)

Where; 0 is the skin depth of the earth:

E=SD3\E (18)

Where, p is earth resistivity, and f is source current frequency in Hz.

The magnetic field intensity induced from current I; and its image is computed as

follows:
H; =H,; &, + Hy; &, (19)
Uy ontyte "
qu I 3 2 (20)
o = L [x]—xl x—:{_i] o1
¥ii T A R =
2n ri_i l.u

Where; ax is unit vector in the x-direction, ay is unit vector in the y-direction,

=

1',J=J[x,—x|): $ (yl—yl) (22)

2

r, = J[}., —xJ: : (yl byt a)_ (23)

The total field intensity is:
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H,, =ZII,;,| (24)

=l

H,, :Z Hy; (25)
=l

The magnetic field intensity Ht is:

H, = [Hj, + H}, (26)

The multi-conductor transmission lines technique can be used to determine the current

in the shielding wires, where:

L\tv pp ptr] [ ]
27
I:-ﬂV{J:I Z{Jp Z"l il I{,j ( ]

where Zij is the per unit series impedance (where i and j equal p or G), Ip and IG are
three phases and shielding wire vector currents, and Vp and VG are two vectors that
preset the drop along with the three phases and shielding wires, respectively (Ip = 1 in

equation (16)). Zij can be computed in this way:

Z =joL+Zg +Zy, (28)

Additionally, a frequency-independent real symmetric matrix with specific entries is

taken into consideration by the external-inductance matrix:

AT
]-'u' = ﬂll'l i (293)
2n 1
vty ) +(x+x)
L= ;L” 111(' J)E ( ) (29b)
") )

where, ri represents the radius of the conductor, while y;j and x;j denote the vertical and
horizontal coordinates of the specified j™ conductor, respectively. Ze represents the
earth impedance correction matrix, which is considered a frequency-dependent
complex matrix. Its entries can be determined using Carson’s theory and/or the

Dubanton complex ground plane method. The entries of Zg are calculated as follows:
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(Z0): =jotm(1+ 2 (30a)
EJjj = M Y_i

oty +2a) +(x-x)
(Z..;J._i=_im%]n ((;.,, d a) S T'J ) (30b)
§ (}.-] - }r|) I (.‘i, - XIJ_

Here, o is regarded as the complex depth, as equation (17) illustrates. The skin-effect
theory for cylindrical conductors is used to calculate the entries of the matrix Zskin,
which represents a frequency-dependent complex diagonal matrix. In situations with
low frequencies, it reduces to:

{Eskm}_[i = ':R.J,;]'_i ' _im% (31)

Here, (Rdc)j stands for the DC resistance of the designated jth conductor per unit length.
VG =0 is the result of the shielding wires being connected to the earth (ignoring tower
resistances). Thus, using the three-phase currents Ip and the Zij matrix, the induced

current in the shielding wires can be computed as follows from equation (27):
-1
I = 7 (zt'rplp] (32)
Gy

The degree to which the model accurately depicts the real world is the primary
determinant of the prediction's accuracy regarding the electromagnetic fields beneath

overhead transmission lines.

24



3.8.  Allowable Tree Heights and Plantation Corridor

The estimation of allowable tree heights and plantation corridor is carried out
considering the standard design spans and standard tower footing heights of 132kV,
220kV and 400kV TLs. The allowable conductor blowouts and swing during the

maximum sag condition are estimated considering the standard ROW.

The conductor movement is traced to form a locus which is used to form a clearance
buffer. These clearance buffers are the minimum clearance values required for trees
from the high voltage transmission lines. The movement of the clearance buffer along
with the conductor and the tree falling radius is used to estimate the maximum
allowable tree heights. The minimum clearance value from tree is as shown in Table
3.5.

Table 3.5: Clearance of HVTLs from Tree

S.N. | Voltage Level (kV) Horizontal and Vertical Clearance from Tree (m)
1 400kV 5.6m
2 220kV 3.8m
3 132kV 2.9m

Further, two construction corridors below the conductors are considered for the
construction, operation and maintenance of the lines. This approach will provide three
plantation corridors along the transmission line and both transmission lines and
plantation corridors could be accessed via these construction corridors. The

construction corridors considered for HVTLs are as shown in Table 3.6.

Table 3.6: Construction Corridors for HVTLs

S.N. | Voltage Level (kV) Construction Corridors (m)

1 400kV Two Corridors: 7m each
2 220kV Two Corridors: 5m each
3 132kV Two Corridors: 3.5m each
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CHAPTER-4: RESULTS AND DISCUSSIONS

41. Overview

In this section, the detailed results of ROW requirements and electric and magnetic
fields studies of 400kV, 220kV and 132kV high voltage transmission lines are

presented.

The ROW requirements for high voltage transmission lines are estimated for standard
design spans being followed in Nepal, reduced spans and long spans, considering both

I-string and V-string suspension insulators.

The electric and magnetic field values for high voltage TL are determined at 1.8m
height above ground level and 3.5m height above ground level, considering human
height and height of underbuilt temporary structures. The field profiles at midspan were
generated considering the standard tower configurations and wire attachment points.
The field values and profiles are determined for both I-string and V-string wire

arrangements.

The ROW requirements, electric and magnetic field values at terminal gantry locations
of high voltage TL are also estimated. For this, a double-circuit gantry with horizontal
configuration was considered. The gantry framing, terminal spans and slack tensions

were considered based on standard practice in Nepal.

Furthermore, allowable tree heights and plantation corridors are estimated for high
voltage TL considering the standard ROW boundary and conductor swing during
maximum sag conditions. For this, two construction corridors were considered below

the wires, and three plantation corridors were identified for each line.

4.2. Right of Way Requirement for Standard Design Spans

The standard practice for design spans of 400kV, 220kV and 132KV transmission lines
in Nepal are 400m, 350m and 350m respectively. The midspan blowout of conductors
is estimated considering the 30° allowable swing angles for suspension insulators
during everyday conditions. The midspan blowout of conductors and hence ROW
requirements are estimated considering both I-string and V-string suspension insulators

for tangent structures.
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4.2.1. 400kV Transmission Line
4.2.1.1.  400m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
17.5m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 386.5 Pa wind pressure.

The total ROW requirement for a 400kV double circuit transmission line with I-string
is estimated to be 46m, which matches with the existing practice of 46m ROW for
400KV TL in Nepal. The result suggests that the existing practice of 46m ROW for
400KV TL is sufficient as long as a 400m design span is maintained. The summary of

ROW estimation is presented in Table 4.1.

Table 4.1: ROW Requirement for 400kV TL, 400m Design Span with I-String

Suspension Insulator and Conductor Swing Blowout from .
: - Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure Poi ROW (m)
Swing wind (ms) (Pa) oint (m)
30° 19.2 25.1 386.5 17.5 46

4.2.1.2.  400m Design Span with V-String Suspension Insulator

The wind pressure of 386.5 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 13.4m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 400kV double circuit transmission line with V-string
is estimated to be 38m, which is 8m less than the existing practice of 46m ROW for
400KV TL in Nepal. The results suggest that the use of V-string could help reduce the
ROW requirement by as much as 17%. The summary of ROW estimation is presented
in Table 4.2.
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Table 4.2: ROW Requirement for 400kV TL, 400m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure oF\)/vgr e 1 row (m)
Swing wind (ms) (Pa) oint (m)
NA 19.2 25.1 386.5 134 38

4.2.2. 220kV Transmission Line

4.2.2.1.  350m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
11.45m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 331.7 Pa wind pressure.

The total ROW requirement for a 220kV double circuit transmission line with I-string
is estimated to be 30m, which matches with the existing practice of 30m ROW for
220kV TL in Nepal. The results suggest that the existing practice of 30m ROW for
220kV TL is sufficient as long as a 350m design span is maintained. The summary of

ROW estimation is presented in Table 4.3.
Table 4.3: ROW Requirement for 220kV TL, 350m Design Span with I-String

Suspension Insulator and Conductor Swing Blowout from .
: - Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure Poi ROW (m)
Swing wind (ms) (Pa) oint (m)
30° 20.5 23.3 331.7 11.45 30

4.2.2.2.  350m Design Span with V-String Suspension Insulator

The wind pressure of 331.7 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 8.64m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 220kV double circuit transmission line with V-string
is estimated to be 25m, which is 5m less than the existing practice of 30m ROW for
220kV TL in Nepal. The results suggest that the use of V-string could help reduce the
ROW requirement by as much as 17%. The summary of ROW estimation is presented

in Table 4.4.
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Table 4.4: ROW Requirement for 220kV TL, 350m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full | Wind Speed Wind Pressure oF\)/vgr enter ROW (m)
swing wind (m/s) (Pa) oint (m)
NA 20.5 23.3 331.7 8.64 25

4.2.3. 132kV Transmission Line

4.2.3.1.  350m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be 8.7m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 357.2 Pa wind pressure.

The total ROW requirement for a 132kV double circuit transmission line with I-string
is estimated to be 23m, which is 5m more than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the existing practice of 18m ROW for
132kV TL is not sufficient for a 350m design span. The summary of ROW estimation
is presented in Table 4.5.

Table 4.5: ROW Requirement for 132kV TL, 350m Design Span with I-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full | Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 23.5 24.14 357.2 8.7 23

4.2.3.2.  350m Design Span with V-String Suspension Insulator

The wind pressure of 357.2 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 7m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor
Blowout Reports.

The total ROW requirement for a 132kV double circuit transmission line with V-string
is estimated to be 20m, which is 2m more than the existing practice of 18m ROW for
132kV TL in Nepal. The results suggest that the use of V-string could help reduce the
ROW requirement by as much as 13% compared to I-string. However, the existing

29



practice of 18m ROW for 132kV TL is not sufficient for a 350m design span even with
V-string. The summary of ROW estimation is presented in Table 4.6.

Table 4.6: ROW Requirement for 132kV TL, 350m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 23.5 24.14 357.2 7.0 20

4.3. Right of Way Requirement for Reduced Design Spans

The ROW requirement for high voltage transmission lines at reduced spans is
estimated. The reduced spans of 300m and 200m are considered for 400kV TL, 250m
and 150m are considered for 220kV TL and 250m, 200m and 150m are considered for
132kV TL.

The midspan blowout of conductors and hence the ROW requirements are estimated

considering both I-string and V-string suspension insulators for tangent structures
4.3.1. 400kV Transmission Line
4.3.1.1. 300m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be 15m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 393.3 Pa wind pressure.

The total ROW requirement for a 400kV double circuit transmission line with I-string
is estimated to be 41m, which is 5m less than the existing practice of 46m ROW for
400KkV TL in Nepal. The result suggests that the use of a reduced 300m design span for
400KV TL could help reduce the ROW requirement by as much as 10%. The summary
of ROW estimation is presented in Table 4.7.

Table 4.7: ROW Requirement for 400kV TL, 300m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 19 25.3 393.3 15.0 41
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4.3.1.2.  300m Design Span with V-String Suspension Insulator

The wind pressure of 393.3 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 10.8m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 400kV double circuit transmission line with V-string
IS estimated to be 33m, which is 13m less than the existing practice of 46m ROW for
400KV TL in Nepal. The result suggests that the use of V-string and a reduced 300m
design span could help reduce the ROW requirement by as much as 28%. The summary

of ROW estimation is presented in Table 4.8.

Table 4.8: ROW Requirement for 400kV TL, 300m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure OWer Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 19 25.3 393.3 10.8 33

4.3.1.3. 200m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
13.4m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 405.1 Pa wind pressure.

The total ROW requirement for a 400kV double circuit transmission line with I-string
is estimated to be 38m, which is 8m less than the existing practice of 46m ROW for
400KV TL in Nepal. The result suggests that the use of a reduced 200m design span for
400KV TL could help reduce the ROW requirement by as much as 17%. The summary
of ROW estimation is presented in Table 4.9.

Table 4.9: ROW Requirement for 400kV TL, 200m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 19.2 25.7 405.1 13.4 38
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4.3.1.4.  200m Design Span with V-String Suspension Insulator

The wind pressure of 405.1 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 8.9m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 400kV double circuit transmission line with V-string
IS estimated to be 29m, which is 17m less than the existing practice of 46m ROW for
400KV TL in Nepal. The result suggests that the use of V-string and a reduced 200m
design span could help reduce the ROW requirement by as much as 37%. The summary

of ROW estimation is presented in Table 4.10.

Table 4.10: ROW Requirement for 400kV TL, 200m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure Oower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 19.2 25.7 405.1 8.92 29

4.3.2. 220KV Transmission Line
4.3.2.1. 250m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
9.34m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 339.8 Pa wind pressure.

The total ROW requirement for a 220kV double circuit transmission line with I-string
is estimated to be 26m, which is 4m less than the existing practice of 30m ROW for
220kV TL in Nepal. The result suggests that the use of a reduced 250m design span for
220kV TL could help reduce the ROW requirement by as much as 13%. The summary
of ROW estimation is presented in Table 4.11.

Table 4.11: ROW Requirement for 220kV TL, 250m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 21 23.54 339.8 9.34 26
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4.3.2.2.  250m Design Span with V-String Suspension Insulator

The wind pressure of 339.8 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 6.54m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 220kV double circuit transmission line with V-string
is estimated to be 21m, which is 9m less than the existing practice of 30m ROW for
220kV TL in Nepal. The result suggests that the use of V-string and a reduced 250m
design span could help reduce the ROW requirement by as much as 30%. The summary

of ROW estimation is presented in Table 4.12.

Table 4.12: ROW Requirement for 220kV TL, 250m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 21 23.54 339.8 6.54 21

4.3.2.3.  150m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
7.94m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 369.14 Pa wind pressure.

The total ROW requirement for a 220kV double circuit transmission line with I-string
is estimated to be 23m, which is 7m less than the existing practice of 30m ROW for
220kV TL in Nepal. The result suggests that the use of a reduced 150m design span for
220kV TL could help reduce the ROW requirement by as much as 23%. The summary
of ROW estimation is presented in Table 4.13.

Table 4.13: ROW Requirement for 220kV TL, 150m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 225 24.54 369.14 7.94 23
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4.3.2.4.  150m Design Span with V-String Suspension Insulator

The wind pressure of 369.14 Pa, which resulted in a 30° swing of I-string insulators,
was considered for estimating the midspan conductor blowouts. The midspan blowout
of conductors from the tower center point is calculated to be 5.11m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 220kV double circuit transmission line with V-string
IS estimated to be 18m, which is 12m less than the existing practice of 30m ROW for
220kV TL in Nepal. The result suggests that the use of V-string and reduced 150m
design span could help reduce the ROW requirement by as much as 40%. The summary

of ROW estimation is presented in Table 4.14.

Table 4.14: ROW Requirement for 220kV TL, 150m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure Oower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 225 24.54 369.14 5.11 18

4.3.3. 132kV Transmission Line
4.3.3.1. 250m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be 6.6m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 380 Pa wind pressure.

The total ROW requirement for a 132kV double circuit transmission line with I-string
is estimated to be 19m, which is 1m more than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the existing practice of 18m ROW for
132kV TL is not sufficient even for a reduced 250m design span. The summary of ROW
estimation is presented in Table 4.15.

Table 4.15: ROW Requirement for 132kV TL, 250m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure Poi ROW (m)
Swing wind (m/s) (Pa) oint (m)
30° 25 24.89 380 6.6 19
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4.3.3.2.  250m Design Span with V-String Suspension Insulator

The wind pressure of 380 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 5m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 132kV double circuit transmission line with V-string
Is estimated to be 16m, which is 2m less than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the use of V-string and a reduced 250m
design span could help reduce the ROW requirement by as much as 11%. The summary

of ROW estimation is presented in Table 4.16.

Table 4.16: ROW Requirement for 132kV TL, 250m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 25 24.89 380 5.0 16

4.3.3.3.  200m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be 5.9m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 402.8 Pa wind pressure.

The total ROW requirement for a 132kV double circuit transmission line with I-string
is estimated to be 18m, which matches with the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the existing practice of 18m ROW for
132kV TL is only sufficient for a reduced 200m design span. The summary of ROW
estimation is presented in Table 4.17.

Table 4.17: ROW Requirement for 132kV TL, 200m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 26.5 25.63 402.8 5.9 18
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4.3.3.4.  200m Design Span with V-String Suspension Insulator

The wind pressure of 402.8 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 4.23m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 132kV double circuit transmission line with V-string
Is estimated to be 14m, which is 4m less than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the use of V-string and a reduced 200m
design span could help reduce the ROW requirement by as much as 22%. The summary

of ROW estimation is presented in Table 4.18.

Table 4.18: ROW Requirement for 132kV TL, 200m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure Oower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 26.5 25.63 402.8 4.23 14

4.3.3.5.  150m Design Span with I-String Suspension Insulator

The midspan blowout of conductors from the tower center point is calculated to be
5.27m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The 30° swing of I-string insulators was

observed at 440.8 Pa wind pressure.

The total ROW requirement for a 132kV double circuit transmission line with I-string
is estimated to be 17m, which is 1m less than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the use of a reduced 150m design span for
132kV TL could help reduce the ROW requirement by as much as 5%. The summary
of ROW estimation is presented in Table 4.19.

Table 4.19: ROW Requirement for 132kV TL, 150m Design Span with 1-String

Suspension Insulator and Conductor Swing Blowout from .
: : Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 29 26.81 440.8 5.27 17
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4.3.3.6.  150m Design Span with V-String Suspension Insulator

The wind pressure of 440.8 Pa, which resulted in a 30° swing of I-string insulators, was
considered for estimating the midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is calculated to be 3.6m on either side. The
estimated midspan blowout reports of conductors are shown in Appendix F — Conductor

Blowout Reports.

The total ROW requirement for a 132kV double circuit transmission line with V-string
Is estimated to be 13m, which is 5m less than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggest that the use of V-string and a reduced 150m
design span could help reduce the ROW requirement by as much as 27%. The summary

of ROW estimation is presented in Table 4.20.

Table 4.20: ROW Requirement for 132kV TL, 150m Design Span with V-String

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
NA 29 26.81 440.8 3.6 13

4.4. Right of Way Requirement for Long Spans

The ROW requirement for high voltage transmission lines at long spans was estimated.
The long-span scenario is evaluated by considering the use of a suspension tower with
I-string insulators and the use of a deadend tower with strain insulators. The midspan
blowout of conductors and hence the ROW requirement for both scenarios are
estimated considering the wind pressure equivalent to standard design spans — 357.2 Pa
for 132kV, 331.7 Pa for 220kV and 386.5 Pa for 400kV TL.

For deadend tower with strain insulators, three different scenarios are evaluated. The
first scenario is to maintain the tower maximum loading, the second scenario is to
maintain the standard ROW in Nepal and the third scenario is to maintain the wire

tension limits.
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4.4.1. 400kV Transmission Line

44.1.1. 400kV TL Being Used For 500m Span with I-String

The midspan blowout of conductors from the tower center point is calculated to be
21.8m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 386.5 Pa considering the 30° swing of I-string insulators for the 400m

design span.

The total ROW requirement for a 400kV double circuit transmission line with I-string
is estimated to be 55m, which is 9m more than the existing practice of 46m ROW for
400KV TL in Nepal. The result suggests that the existing practice of 46m ROW for
400kV TL is not sufficient for long spans with I-string and the ROW requirement
increases by as much as 19%. The summary of ROW estimation is presented in Table
4.21.

Table 4.21: ROW Requirement for 400kV TL, 400m Design Span being used for 500m span

with I-String Suspension Tower

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 19.2 25.1 386.5 21.8 55

4.4.1.2. 400kV TL Being Used For 500m Span with Tension Tower

The following three scenarios are evaluated for analyzing the feasibility of long-span

crossings with tension towers.
a) Maintaining the Maximum Loading of Tower

In the case of long span crossings, the maximum loading on tower is increased due to
an increase in maximum wire tension. The wire tension is increased due to an increase
in wind area of conductors. So, the primary approach is to reduce the initial wire
stringing tension and maintain the maximum wire tension during the full wind

condition. This is primarily done to mitigate the requirement for special towers.
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For a 400kV line with a 400m design span, the design maximum wire tension is 9363
kg. This same value of 9363 kg was considered as the maximum allowable wire tension
at full wind for a 500m span. The sag tension reports for the 400kV line are presented

in Appendix D — Sag Tension Reports.

The midspan blowout of conductors from the tower center point is calculated to be 21m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a wind
pressure of 386.5 Pa, considering the 30° swing of I-string insulators for the 400m

design span.

The total ROW requirement for a 400kV double circuit transmission line with tension
tower is estimated to be 53m, which is 7m more than the existing practice of 46m ROW
for 400kV TL in Nepal. The result suggests that the existing practice of 46m ROW for
400KV TL is not sufficient for long spans with tension tower and the ROW requirement
increases by as much as 15%. The summary of ROW estimation is presented in Table
4.22.

Table 4.22: ROW Requirement for 400kV TL, 400m Design Span being used for 500m span

with Tension Tower — Maintaining Maximum Tower Loading

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 19.2 25.1 386.5 21 53

b) Maintaining the Standard 46m ROW

In the case of long-span crossings where the reduced wire tension violates the desired
ROW, the ideal approach is to increase the initial wire stringing tension, so the blowout

of conductors could be reduced, and the desired ROW is met.

For a 400kV line with a 400m design span, the standard/desired ROW is 46m. So, the
initial wire tension was increased to be 4954 kg, 30% of UTS of ACSR Moose for a
500m long span which resulted in a maximum wire tension of 11,868 kg, 72% of UTS
of ACSR Moose at full wind condition. This resulted in an increase in maximum tower
tension by as much as 15% and violation of the maximum allowable wire tension limit

of 70% at full wind and 25% at initial condition. This suggests that to maintain the

39



standard ROW at 500m, the wire type with higher allowable tension limits shall be

used, and the towers shall be special towers designed for heavy loading.
c) Maintaining the Wire Tension Limits

In the case of long-span crossings, another approach is to increase the initial wire
stringing tension up to a point where the maximum allowable wire tension limit is met.
This will allow to utilize the full allowable tensile limits of conductors and reduce the

conductor blowouts.

For a 400kV line with a 400m design span, the initial wire stringing tension was
increased to 4,140 kg, 25% of UTS of ACSR Moose for a 500m long span, which
resulted in maximum wire tension of 10,850 kg, 66% of UTS of ACSR Moose. This

resulted in an increase in maximum tower tension by as much as 9%.

The midspan blowout of conductors from the tower center point is calculated to be 19m
on either side. The estimated midspan blowout reports of conductors are shown in
Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a wind
pressure of 386.5 Pa, considering the 30° swing of I-String insulators for the 400m
design span.

The total ROW requirement for a 500m long span is estimated to be 49m, which is 3m
more than the existing practice of 46m ROW for 400kV TL in Nepal. The summary of
ROW estimation is presented in Table 4.23.

Table 4.23: ROW Requirement for 400kV TL, 400m Design Span being used for 500m span

with Tension Tower — Maintaining the Wire Tension Limits

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 19.2 25.1 386.5 19 49

The above result suggests that for 400kV TL long span crossings there will be violation
of allowable wire tension limits for ACSR conductors, violation of ROW and violation
of tower design tensions. These violations shall be addressed based upon the preferred

priority and the reduction in violation of one will increase the violation of the other.
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To resolve the violation of allowable wire tension limits, the use of Aluminum Alloy
Conductors or any conductors with higher tensile strength could be an option. The
violation in tower design tensions could be addressed using special towers designed for
heavy loading. The violation of the ROW could be addressed either by using increased

wire tension and special towers or by increasing the ROW itself.
4.4.2. 220kV Transmission Line
44.2.1. 220kV TL Being Used For 500m Span with I-String

The midspan blowout of conductors from the tower center point is calculated to be
17.5m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 331.7 Pa, considering the 30° swing of I-string insulators for the 350m

design span.

The total ROW requirement for a 220kV double circuit transmission line with I-string
is estimated to be 43m, which is 13m more than the existing practice of 30m ROW for
220kV TL in Nepal. The result suggests that the existing practice of 30m ROW for
220kV TL is not sufficient for long spans with I-string and the ROW requirement
increases by as much as 43%. The summary of ROW estimation is presented in Table
4.24.

Table 4.24: ROW Requirement for 220kV TL, 350m Design Span being used for 500m span

with I-String Suspension Tower

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
30° 20.5 23.3 331.7 17.5 43

4.4.2.2. 220kV TL Being Used For 500m Span with Tension Tower

The following three scenarios are evaluated for analyzing the feasibility of long-span

crossings with tension towers.
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a) Maintaining the Maximum Loading of Tower

For a 220kV line with a 350m design span, the design maximum wire tension is 6460
kg. This same value of 6460 kg was considered as the maximum allowable wire tension
at full wind for a 500m span. The sag tension reports for the 220kV line are presented

in Appendix D — Sag Tension Reports.

The midspan blowout of conductors from the tower center point is calculated to be
16.3m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 331.7 Pa, considering the 30° swing of I-string insulators for the 350m

Design Span.

The total ROW requirement for a 220kV double circuit transmission line with tension
tower is estimated to be 40m, which is 10m more than the existing practice of 30m
ROW for 220kV TL in Nepal. The result suggests that the existing practice of 30m
ROW for 220kV TL is not sufficient for long spans with tension tower and the ROW
requirement increases by as much as 33%. The summary of ROW estimation is

presented in Table 4.25.

Table 4.25: ROW Requirement for 220kV TL, 350m Design Span being used for 500m span

with Tension Tower — Maintaining Maximum Tower Loading

Suspension Insulator and Conductor Swing Blowout from .
- . Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 20.5 23.3 331.7 16.3 40

a) Maintaining the Standard 30m ROW

For a 220KV line with a 350m design span, the standard/desired ROW is 30m. So, the
initial wire tension was increased to be 4853 kg, 39% of UTS of ACSR Bison for a
500m long span, which resulted in maximum wire tension of 9,500 kg, 77% of UTS of
ACSR Bison at full wind condition. This resulted in increase in maximum tower tension
by as much as 47% and violation of maximum allowable wire tension limit of 70% at

full wind and 25% at initial condition.
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This suggests that to maintain the standard ROW at 500m, the wire type with higher
allowable tension limits shall be used and the towers shall be special towers designed

for heavy loading.
b) Maintaining the Wire Tension Limits

For a 220kV line with a 350m design span, the initial wire stringing tension was
increased to 3082 kg, 25% of UTS of ACSR Bison for 500m long span which resulted
in @ maximum wire tension of 7,659 kg, 62% of UTS of ACSR Bison. This resulted in

an increase in maximum tower tension by as much as 18.5%.

The midspan blowout of conductors from the tower center point is calculated to be
13.9m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 331.7 Pa, considering the 30° swing of I-string insulators for the 350m

design span.

The total ROW requirement for a 500m long span is estimated to be 35m, which is 5m
more than the existing practice of 30m ROW for 220kV TL in Nepal. The summary of
ROW estimation is presented in Table 4.26.

Table 4.26: ROW Requirement for 220kV TL, 350m Design Span being used for 500m span

with Tension Tower — Maintaining the Wire Tension Limits

Suspension Insulator and Conductor Swing Blowout from .
- . Tower Center Estimated
Insulator % of Full Wind Speed Wind Pressure ; ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 20.5 23.3 331.7 13.9 35

The above result suggests that for 220kV TL long span crossings there will be violation
of allowable wire tension limits for ACSR conductors, violation of ROW and violation
of tower design tensions. These violations shall be addressed based upon the preferred

priority and the reduction in violation of one will increase the violation of the other.

To resolve the violation of allowable wire tension limits, the use of Aluminum Alloy
Conductors or any conductors with higher tensile strength could be an option. The

violation in tower design tensions could be addressed using special towers designed for
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heavy loading. The violation in the ROW could be addressed either by using increased

wire tension and special towers or by increasing the ROW itself.
4.4.3. 132kV Transmission Line
443.1. 132kV TL Being Used For 500m Span with I-String

The midspan blowout of conductors from the tower center point is calculated to be
14.9m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 357.2 Pa, considering the 30° swing of I-string insulators for the 350m

design span.

The total ROW requirement for a 132kV double circuit transmission line with I-string
is estimated to be 36m, which is 18m more than the existing practice of 18m ROW for
132kV TL in Nepal. The result suggests that the existing practice of 18m ROW for
132kV TL is not sufficient for long spans with I-string and the ROW requirement
increases by as much as 100%. The summary of ROW estimation is presented in Table
4.27.

Table 4.27: ROW Requirement for 132kV TL, 350m Design Span being used for 500m span

with I-String Suspension Tower

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter 1 row (m)
Swing wind (m/s) (Pa) Point (m)
30° 23.5 24.14 357.2 14.9 36

4.4.3.2. 132kV TL Being Used For 500m Span with Tension Tower

The following three scenarios are evaluated for analyzing the feasibility of long-span

crossings with tension towers.
a) Maintaining the Maximum Loading of Tower

For a 132kV line with a 350m design span, the design maximum wire tension is 5471
kg. This same value of 5471 kg was considered as the maximum allowable wire tension
at full wind for a 500m span. The sag tension reports for the 132kV line are presented
in Appendix D — Sag Tension Reports.
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The midspan blowout of conductors from the tower center point is calculated to be
14.5m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 357.2 Pa, considering the 30° swing of I-string insulators for the 350m

design span.

The total ROW requirement for a 132kV double circuit transmission line with tension
tower is estimated to be 35m, which is 17m more than the existing practice of 18m
ROW for 132kV TL in Nepal. The result suggests that the existing practice of 18m
ROW for 132kV TL is not sufficient for long spans with tension tower and the ROW
requirement increases by as much as 94%. The summary of ROW estimation is

presented in Table 4.28.

Table 4.28: ROW Requirement for 132kV TL, 350m Design Span being used for 500m span

with Tension Tower — Maintaining Maximum Tower Loading

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 235 24.14 357.2 14.5 35

b) Maintaining the Standard 18m ROW

For a 132kV line with a 350m design span, the standard/desired ROW followed in
Nepal is 18m. So, the initial wire tension was increased to be 12,000 kg, 106% of UTS
of ACSR Bear for a 500m long span which resulted in a maximum wire tension of
13,553 kg, 120% of UTS of ACSR Bear at full wind condition. This resulted in an
increase in maximum tower tension by as much as 147% and extreme violation of the

maximum allowable wire tension limit of 70% at full wind and 25% at initial condition.

This suggests that to maintain the standard ROW at 500m, the wire type with higher
allowable tension limits shall be used, and the towers shall be special towers designed

for heavy loading.
€) Maintaining the Wire Tension Limits

For a 132kV line with a 350m design span, the initial wire stringing tension was
increased to 2,835 kg, 25% of UTS of ACSR Bear for a 500m long span which resulted
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in a maximum wire tension of 6,465 kg, 58% of UTS of ACSR Bear. This resulted in

an increase in maximum tower tension by as much as 18.2%.

The midspan blowout of conductors from the tower center point is calculated to be
11.9m on either side. The estimated midspan blowout reports of conductors are shown
in Appendix F — Conductor Blowout Reports. The midspan blowout is estimated at a
wind pressure of 357.2 Pa, considering the 30° swing of I-string insulators for the 350m

design span.

The total ROW requirement for a 500m long span is estimated to be 30m, which is 12m
more than the existing practice of 18m ROW for 132kV TL in Nepal. The summary of
ROW estimation is presented in Table 4.29.

Table 4.29: ROW Requirement for 132kV TL, 350m Design Span being used for 500m span

with Tension Tower — Maintaining the Wire Tension Limits.

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full | Wind Speed Wind Pressure ower Lenter ROW (m)
Swing wind (m/s) (Pa) Point (m)
N/A 23.5 24.14 357.2 119 30

The above result suggests that for 132kV TL long span crossings there will be extreme
violation of allowable wire tension limits for ACSR conductors, violation of ROW and
violation of tower design tensions. These violations shall be addressed based upon the
preferred priority and the reduction in violation of one will increase the violation of the

other.

To resolve the violation in allowable wire tension limits, the use of Aluminum Alloy
Conductors or any conductors with higher tensile strength could be an option. The
violation in tower design tensions could be addressed using special towers designed for
heavy loading. The violation in the ROW could be addressed either by using increased

wire tension and special towers or by increasing the ROW itself.
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4.5.  Electric Field and Magnetic Field Profiles

The electric and magnetic field profiles across the HVTLSs are generated considering
the typical tower framings for double circuit lines developed by utilities in Nepal. For
400kV TL, double circuit tower framing used by RPGCL was considered and for
220kV TL and 132kV TL, the double circuit tower framing used by NEA was
considered. The reference tower framing drawings are shown in Appendix A — Tower
Drawings. The field values are estimated considering standard voltage level and

conductor current as presented in Table 4.30.

Table 4.30: Line-Line Voltage and Phase Current for HVTLSs

S.N. Transmission Voltage (kV) Current (Amps) Conductor
132kV 500 ACSR Bear
2 200kV 700 ACSR Bison
3 400kV 900 ACSR Moose

The field values below the line and at the edge of the ROW during the maximum sag
condition are of primary concern. The ICNIRP recommendations on limiting exposure

to electric and magnetic fields are as presented in Table 4.31.

Table 4.31: Electric Field and Magnetic Field Limits per ICNIRP

Frequency Electric Field | Magnetic  Field
S.N. | Exposure Range (KV/m) (uT) Remarks
y | Oceupational foq4, 300Hz | 10 500 Inside ROW
Exposure
o | CeneralPublic |, sonz |5 200 Edge of ROW
Exposure

As per standard practice, field values at 1.8m height above the ground level are
estimated for both I-string and V-string configurations. The field values at 3.5m height
above ground level are also estimated for the I-string configuration, considering the

underbuilt temporary structures.

Further, the field values at mid-span and at the edge of the ROW during design swing

conditions are also estimated considering a building at the edge of the ROW.
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4.5.1. 400kV Transmission Line
45.1.1. Electric Field and Magnetic Field at 1.8m Above Ground
The estimated field values and field profiles across the 400kV TL with I-string
configuration and V-string configuration are as follows:
a) I-String Configuration
The estimated electric and magnetic field values are as shown in Table 4.32. These

values are within the limits defined by ICNIRP.

Table 4.32: Electric Field and Magnetic Field for 400kV TL, I-String Configuration @1.8m

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 46m Below the Line Edge of 46m

ROW ROW

I-String 9.55 1.37 58.7 31.63

The electric and magnetic field profiles across the 400kV TL with I-string configuration
are as shown in Figure 4.1. and Figure 4.2. It can be observed that the field values are
peak exactly below the wire position and gradually reduce as we move further towards
the edge of the ROW.
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Figure 4.1: Electric Field Profile across the 400kV TL with I-String Configuration @1.8m
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Figure 4.2: Magnetic Field Profile across the 400kV TL with I-String Configuration @1.8m

b) V-String Configuration

The estimated electric and magnetic field values are as shown in Table 4.33. These

values are within the limits defined by ICNIRP.

Table 4.33: Electric Field and Magnetic Field for 400kV TL, V-String Configuration @1.8m

Electric Field (kV/m)

Magnetic Flux Density (UT)

Configuration Below the Line Edge of 38m Below the Line Edge of 38m
ROW ROW
V-String 8.98 1.85 51.7 315

The electric and magnetic field profiles across the 400kV TL with V-string

configuration are as shown in Figure 4.3. and Figure 4.4. It can be observed that the

field values are peak exactly below the wire position and gradually reduce as we move
further towards the edge of the ROW.
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Further, it is found that the electric field values below the line have decreased by 6%
and the magnetic field values below the line have decreased by 12% compared to the I-

string configuration.
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Figure 4.3: Electric Field Profile across the 400kV TL with V-String Configuration @1.8m
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Figure 4.4: Magnetic Field Profile across the 400kV TL with V-String Configuration @1.8m
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45.1.2.  Electric Field and Magnetic Field at 3.5m Above Ground
The estimated electric and magnetic field values are shown in Table 4.34.

Table 4.34: Electric Field and Magnetic Field for 400kV TL, I-String Configuration @3.5m

Electric Field (kV/m) Magnetic Flux Density (UT)

Configuration Below the Line Edge of 46m Below the Line Edge of 46m

ROW ROW

I-String 11.17 1.45 77.5 34.6

It is found that the field values at the edge of the ROW are within the limits defined by
ICNIRP. The magnetic field below the line increases but is still within the
recommended limit of 500uT defined by ICNIRP. However, the electric field below
the line is 11.17kV/m which is 11.7% more than the recommended limit of 10kV/m
defined by ICNIRP.

The electric and magnetic field profiles across the 400kV TL with I-string configuration
are as shown in Figure 4.5. and Figure 4.6.
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Figure 4.5: Electric Field Profile across the 400kV TL with I-String Configuration @3.5m
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Figure 4.6: Magnetic Field Profile across the 400kV TL with I-String Configuration @3.5m
45.1.3.  Electric Field and Magnetic Field during Swing Condition

The 30° design swing of the I-string occurs at 386.5 Pa wind pressure for 400kV, 400m
design span. The electric and magnetic field values and profiles at the midspan and edge
of ROW during design swing conditions are estimated considering a building height of
23m at the edge of ROW. The estimated electric and magnetic field values are shown
in Table 4.35.

Table 4.35: Electric Field and Magnetic Field for 400kV TL @ Design Swing — 46m ROW

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 46m Below the Line Edge of 46m

ROW ROW

I-String 325.9 9.3 969.14 136.38

It is found that the electric and magnetic field values at the edge of 46m ROW at 23m
height are 9.3kV/m and 136.38uT, which is within the recommended limits by ICNIRP
for occupational exposure but violates the general public exposure limits. However, the
swing conditions are for a short duration and the field values are within the occupational

exposure limits, it can be considered safe. The electric and magnetic field profiles
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across the 400kV TL with I-string configuration at design swing condition and 46m

ROW are as shown in Figure 4.7. and Figure 4.8.
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Figure 4.7: Electric Field Profile across the 400kV TL @ Design Swing — 46m ROW
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Figure 4.8: Magnetic Field Profile across the 400kV TL @ Design Swing — 46m ROW
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4.5.2. 220kV Transmission Line
45.2.1. Electric Field and Magnetic Field at 1.8m Above Ground

The estimated field values and field profiles across the 220kV TL with I-string
configuration and V-string configuration are as follows:
a) I-String Configuration

The estimated electric and magnetic field values are shown in Table 4.36. These values
are within the limits defined by ICNIRP.

Table 4.36: Electric Field and Magnetic Field for 220kV TL, I-String Configuration @1.8m

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 30m Below the Line Edge of 30m

ROW ROW

I-String 5.61 0.99 29.53 17.1

The electric and magnetic field profiles across the 220kV TL with I-string configuration
are as shown in Figure 4.9. and Figure 4.10. It can be observed that the field values are
peak exactly below the wire position and gradually reduces as we move further towards
the edge of the ROW.
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Figure 4.9: Electric Field Profile across the 220kV TL with I-String Configuration @1.8m
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Figure 4.10: Magnetic Field Profile across the 220kV TL with I-String Configuration @1.8m
a) V-String Configuration

The estimated electric and magnetic field values are shown in Table 4.37. These values
are within the limits defined by ICNIRP.

Table 4.37: Electric Field and Magnetic Field for 220kV TL, V-String Configuration @1.8m

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 25m Below the Line Edge of 25m

ROW ROW

V-String 5.61 1.17 29.2 17.2

The electric and magnetic field profiles across the 220kV TL with V-string
configuration are as shown in Figure 4.11. and Figure 4.12. It can be observed that the
field values are peak exactly below the wire position and gradually reduces as we move
further towards the edge of the ROW.

Further, it is found that the electric and magnetic field values below the line and at the
edge of the ROW for the V-string configuration remain similar to that of the I-string

configuration.
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45.2.2.

Electric Field and Magnetic Field at 3.5m Above Ground

The estimated electric and magnetic field values are shown in Table 4.38.

Table 4.38: Electric Field and Magnetic Field for 220kV TL, I-String Configuration @3.5m

Electric Field (kV/m)

Magnetic Flux Density (UT)

Configuration Below the Line Edge of 30m Below the Line Edge of 30m
ROW ROW
I-String 6.4 1.66 43.23 23.0

It is found that the electric and magnetic field values below the line and at the edge of
the ROW increases compared to 1.8m height but are within the limits defined by

ICNIRP.

The electric and magnetic field profiles across the 220kV TL with I-string configuration

are as shown in Figure 4.13. and Figure 4.14.
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Figure 4.13: Electric Field Profile across the 220kV TL with 1-String Configuration @3.5m
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Figure 4.14: Magnetic Field Profile across the 220kV TL with 1-String Configuration @3.5m

45.2.3. Electric Field and Magnetic Field during Swing Condition

The 30° design swing of the I-string occurs at 331.7 Pa wind pressure for 220kV, 350m
design span. The electric and magnetic field values and profiles at the midspan and edge
of the ROW during design swing conditions are estimated considering a building height
of 17m at the edge of the ROW. The estimated electric and magnetic field values are
shown in Table 4.39.

Table 4.39: Electric Field and Magnetic Field for 220kV TL @ Design Swing — 30m ROW

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 30m Below the Line Edge of 30m

ROW ROW

I-String 895.0 9.12 883.42 90.45

It is found that the electric and magnetic field values at the edge of 30m ROW at 17m
height are 9.12kV/m and 90.45uT, which is within the recommended limits by ICNIRP
for occupational exposure but violates the general public exposure limit. However, the
swing conditions are for a short duration and the field values are within the occupational

exposure limits, it can be considered safe. The electric and magnetic field profiles
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across the 220kV TL with I-string configuration at design swing condition and 46m

ROW are as shown in Figure 4.15. and Figure 4.16.
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Figure 4.15: Electric Field Profile across the 220V TL @ Design Swing — 30m ROW
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Figure 4.16: Magnetic Field Profile across the 220V TL @ Design Swing — 30m ROW

59



45.3. 132kV Transmission Line

45.3.1. Electric Field and Magnetic Field at 1.8m Above Ground

The estimated field values and field profiles across the 132kV TL with I-string

configuration and V-string configuration are as follows:

a) I-String Configuration

The estimated electric and magnetic field values are shown in Table 4.40. These values

are within the limits defined by ICNIRP for calculated 23m ROW as well as the existing

18m ROW.

Table 4.40: Electric Field and Magnetic Field for 132kV TL, I-String Configuration @1.8m

Configuration

Electric Field (kV/m)

Magnetic Flux Density (UT)

Below the Line Edge of 23m Below the Line Edge of 23m
ROW ROW
I-String 2.44 0.34 20.06 10.73

The electric and magnetic field profiles across the 132kV TL with I-string configuration

are as shown in Figure 4.17. and Figure 4.18.
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Figure 4.17: Electric Field Profile across the 132kV TL with 1-String Configuration @1.8m
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b) V-String Configuration

The estimated electric and magnetic field values are shown in Table 4.41. These values
are within the limits defined by ICNIRP.

Table 4.41: Electric Field and Magnetic Field for 132kV TL, V-String Configuration @1.8m

Electric Field (kV/m) Magnetic Flux Density (uUT)

Configuration Below the Line Edge of 20m Below the Line Edge of 25m

ROW ROW

V-String 2.49 0.56 21.3 12.2

The electric and magnetic field profiles across the 132kV TL with V-string
configuration are as shown in Figure 4.19. and Figure 4.20. It can be observed that the
field values are peak below the wire position and gradually reduces as we move further
towards the edge of the ROW.

Further, it is found that the electric and magnetic field values below the line and at the
edge of the ROW for the V-string configuration remain similar to that of the I-string

configuration.
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Figure 4.19: Electric Field Profile across the 132kV TL with V-String Configuration @1.8m
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Figure 4.20: Magnetic Field Profile across the 132kV TL with V-String Configuration @1.8m
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45.3.2.

Electric Field and Magnetic Field at 3.5m Above Ground

The estimated electric and magnetic field values are shown in Table 4.42.

Table 4.42: Electric Field and Magnetic Field for 132kV TL, I-String Configuration @3.5m

Electric Field (kV/m) Magnetic Flux Density (UT)
Configuration Below the Line Edge of 23m Below the Line Edge of 23m
ROW ROW
I-String 3.11 0.42 28.59 12.53

It is found that the electric and magnetic field values below the line and at the edge of
the ROW increases compared to 1.8m height but are within the limits defined by

ICNIRP.

The electric and magnetic field profiles across the 132kV TL with I-string configuration

are as shown in Figure 4.21. and Figure 4.22.
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Figure 4.21: Electric Field Profile across the 132kV TL with 1-String Configuration @3.5m
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45.3.3. Electric Field and Magnetic Field during Swing Condition

The 30° design swing of I-string occurs at 357.2 Pa wind pressure for 132kV, 350m
design span. The electric and magnetic field values and profiles at the midspan and edge
of the estimated ROW and existing ROW during design swing conditions are estimated
considering a building height of 15m at the edge of the ROW. The estimated electric

and magnetic field values are shown in Table 4.43. and 4.44.

Table 4.43: Electric Field and Magnetic Field for 132kV TL @ Design Swing — 18m ROW

Electric Field (kV/m) Magnetic Flux Density (uT)

Configuration Below the Line Edge of 18m Below the Line Edge of 18m

ROW ROW

I-String 123.32 83.85 381.2 3185

Table 4.44: Electric Field and Magnetic Field for 132kV TL @ Design Swing — 23m ROW

Electric Field (kV/m) Magnetic Flux Density (UT)

Configuration Below the Line Edge of 23m Below the Line Edge of 23m

ROW ROW

I-String 123.32 4.08 381.2 68.97
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It is found that the electric and magnetic field values at the edge of 18m ROW at 15m
height are 83.85kV/m and 318.5uT, which is very high compared to recommended
limits by ICNIRP for both occupational exposure and general public exposure. This
suggests that any buildings or structures that are at the edge of the existing 18m ROW

are exposed to high level fields during wind conditions.

The field profiles across the 132kV TL with I-string configuration at design swing
condition and 18m ROW are as shown in Figure 4.23. and Figure 4.24.

However, in case of the calculated ROW of 23m, the electric and magnetic field values
at the edge of the ROW at 15m height are 4.08kV/m and 68.97uT, which is within the
recommended limits by ICNIRP for both occupational exposure and general public

exposure.

The electric and magnetic field profiles across the 132kV TL with I-string configuration

at design swing condition and 23m ROW are as shown in Figure 4.25. and Figure 4.26.
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Figure 4.23: Electric Field Profile across the 132kV TL @ Designh Swing — 18m ROW
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Figure 4.24: Magnetic Field Profile across the 132kV TL @ Design Swing — 18m ROW
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Figure 4.25: Electric Field Profile across the 132kV TL @ Design Swing — 23m ROW
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Figure 4.26: Magnetic Field Profile across the 132kV TL @ Design Swing — 23m ROW

4.6.  Terminal Gantry Location

The ROW requirement, electric and magnetic field at terminal gantry locations for
HVTLs are assessed considering the gantry framings and slack spans as per standard

practice in Nepal.
4.6.1. 400kV Transmission Line

The terminal span from deadend tower to gantry is considered as 100m. The wind
pressure of 386.5 Pa, considering the standard 400m design span, was used to estimate
the blowouts. The referenced gantry framings are shown in Appendix B — Gantry

Drawings.

The blowout of conductors from the tower center point is calculated to be 17.8m on
either side. The result suggests that the existing practice of 46m ROW for 400kV TL is
sufficient for the terminal gantry location. However, the horizontal clearance buffer of
5.6m is not satisfied in the area close to the gantry location. This has been neglected
considering the gantry location will be on the substation switchyard area. The summary

of ROW estimation is presented in Table 4.45.
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Table 4.45: ROW Requirement for 400kV TL, 400m Design Span Gantry Location

Suspension Insulator and Conductor Swing Blowout from .
T Cent Estimated
Insulator % of Full Wind Speed Wind Pressure oF\)/vgr enter ROW (m)
Swing wind (m/s) (Pa) oint (m)
N/A 19.2 25.1 386.5 17.8 46

The electric and magnetic field values are estimated at the lowest wire point, which

depends on the heights of the deadend tower and gantry. The lowest wire point was

observed at 55m towards the gantry, which is about midspan. The estimated electric

and magnetic field values are shown in Table 4.46. These values are within the limits
defined by ICNIRP.

Table 4.46: Electric Field and Magnetic Field for 400kV TL, Gantry Location @1.8m Ht.

Configuration

Electric Field (kV/m)

Magnetic Flux Density (UT)

Below the Line Edge of 46m Below the Line Edge of 46m
ROW ROW
Horizontal 2.26 1.93 11.56 10.828

The electric and magnetic field profiles across the span towards the gantry location are

as shown in Figure 4.27. and Figure 4.28. It can be observed that the peak of field values

is towards the edge of the ROW and the lowest value is at the central point, which is

mainly due to the horizontal arrangement of conductors at the gantry.
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Figure 4.27: Electric Field Profile across the 400kV TL Gantry Location @1.8m
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Figure 4.28: Magnetic Field Profile across the 400kV TL Gantry Location @1.8m

4.6.2. 220kV Transmission Line

The terminal span from deadend tower to gantry is considered as 50m. The wind

pressure of 331.7 Pa, considering the standard 350m design span, was used to estimate

the blowouts. The referenced gantry framings are shown in Appendix B — Gantry

Drawings

The blowout of conductors from the tower center point is calculated to be 12.17m on
either side. The result suggests that the existing practice of 30m ROW for 220kV TL is
sufficient for the terminal gantry location. However, the horizontal clearance buffer of

3.8m is not satisfied in the area close to the gantry location. This has been neglected

considering the gantry location will be on the substation switchyard area. The summary

of ROW estimation is presented in Table 4.47.

Table 4.47: ROW Requirement for 220kV TL, 350m Design Span Gantry Location

Suspension Insulator and Conductor Swing

Blowout from

T Center Point Estimated
Insulator | %of Full | Wind Speed | Wind Pressure owerenter oIt | pow (m)
Swing wind (m/s) (Pa) (m)
N/A 20.5 23.3 331.7 12.17 30
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The electric and magnetic field values are estimated at the lowest wire point, which
depends on the heights of the deadend tower and gantry. The lowest wire point was
observed at 41m towards the gantry, which is almost about the gantry location. The
estimated electric and magnetic field values are shown in Table 4.48. These values are
within the limits defined by ICNIRP.

Table 4.48: Electric Field and Magnetic Field for 220kV TL, Gantry Location @1.8m Ht.

Electric Field (kV/m) Magnetic Flux Density (UT)

Configuration Below the Line Edge of 30m Below the Line Edge of 30m

ROW ROW

Horizontal 0.57 0.9 6.54 6.24

The electric and magnetic field profiles across the span towards the gantry location are
as shown in Figure 4.29. and Figure 4.30. It can be observed that the electric field profile
is inverted due to the horizontal arrangement of conductors at the gantry and the peak

of both electric and magnetic field values is towards the edge of the ROW.
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Figure 4.29: Electric Field Profile across the 220kV TL Gantry Location @1.8m
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Figure 4.30: Magnetic Field Profile across the 220kV TL Gantry Location @1.8m

4.6.3. 132kV Transmission Line

The terminal span from deadend tower to gantry is considered as 50m. The wind
pressure of 357.2 Pa, considering the standard 350m design span, was used to estimate
the blowouts. The referenced gantry framings are shown in Appendix B — Gantry
Drawings.

The blowout of conductors from the tower center point is calculated to be 7.83m on
either side. The result suggests that the existing practice of 18m ROW for 132kV TL is
sufficient for the terminal gantry location. However, the horizontal clearance buffer of
2.9m is not satisfied in the area close to the gantry location. This has been neglected
considering the gantry location will be on the substation switchyard area. The summary
of ROW estimation is presented in Table 4.49.

Table 4.49: ROW Requirement for 132kV TL, 350m Design Span Gantry Location

Suspension Insulator and Conductor Swing Estimated
Blowout from Tower ROW
Insulator % of Full Wind Speed Wind Pressure Center Point (m)
Swing wind (m/s) (Pa) (m)
N/A 23.5 24.14 357.2 7.83 18

71



The electric and magnetic field values are estimated at the lowest wire point, which
depends on the heights of the deadend tower and gantry. The lowest wire point was
observed at the gantry location. The estimated electric and magnetic field values are
shown in Table 4.50. These values are within the limits defined by ICNIRP.

Table 4.50: Electric Field and Magnetic Field for 132kV TL, Gantry Location @1.8m Ht.

Electric Field (kV/m) Magnetic Flux Density (UT)

Configuration Below the Line Edge of 18m Below the Line Edge of 18m

ROW ROW

Horizontal 0.248 0.172 3.11 3.05

The electric and magnetic field profiles across the span towards the gantry location are
as shown in Figure 4.31. and Figure 4.32. It can be observed that the electric field profile
is inverted due to the horizontal arrangement of conductors at the gantry and the peak
of both electric and magnetic field values is towards the edge of the ROW.
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Figure 4.31: Electric Field Profile across the 132kV TL Gantry Location @1.8m
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Figure 4.32: Magnetic Field Profile across the 132kV TL Gantry Location @1.8m

4.7.  Allowable Tree Heights and Plantation Corridor

Allowable tree heights and plantation corridors are estimated for HVTLs considering
the flat terrain, standard tower footing height, ROW boundary, conductor swing during
maximum sag condition and tree falling radius. For this, two construction corridors
were considered below the wires, and three plantation corridors were identified for each
line. Mid-span blowouts with I-string were considered for establishing the horizontal
and vertical clearance envelopes and estimating the allowable tree heights.

4.7.1. 400kV Transmission Line

In the case of 400kV TL, a minimum horizontal and vertical clearance of 5.6m is
required from tree. So, a clearance envelope of 5.6m is considered along the conductor
locus during swing conditions. The length of the suspension insulator string is
considered to be 5.2m. The allowable insulator swing is estimated to be 26° during
maximum sag conditions for maintaining the standard 46m ROW. Further, two
construction corridors of 7m below the conductor position are considered for

construction and operational maintenance purposes.
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Three plantation corridors of 10.6m width were identified, one in the center and two
towards the edge of ROW. The total available plantation corridor for a single 400m
span is estimated to be 12,744m?. This value will need reduction considering the

tower’s footprint and any permanent structures like roads, canals etc.

For the central corridor, the estimated allowable tree height is found to be 4.1m at the
edges and gradually increases up to 5.3m at the center. In the case of outside corridors,
the estimated allowable tree height is found to be 4.1m at the edge of the transmission
centerline and gradually increases up to 7.1m at the edge of the ROW.

This concludes that a tree of 4.1m height could be planted throughout the ROW section
for 400kV lines with a standard tower footing of 28.3m. The allowable tree heights
could be increased with the use of tower body extensions.

The schematic representation of conductor blowouts, tree fall radius and plantation
corridor for 400kV TL is shown in Figure 4.33.
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Figure 4.33: 400kV TL Plantation Corridor
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4.7.2. 220kV Transmission Line

In the case of 220kV TL, a minimum horizontal and vertical clearance of 3.8m is
required from tree. So, a clearance envelope of 3.8m is considered along the conductor
locus during swing conditions. The length of the suspension insulator string is
considered to be 2.75m. The allowable insulator swing is estimated to be 25° during
maximum sag conditions for maintaining the standard 30m ROW. Further, two
construction corridors of 5m below the conductor position are considered for

construction and operational maintenance purposes.

Three plantation corridors were identified: a central corridor of 6.2m width and outside
two corridors of 6.9m width towards the edge of ROW. The total available plantation
corridor for a single 350m span is estimated to be 7,000m?, this value will need
reduction considering tower footprint and any permanent structures like roads, canals

etc.

For the central corridor, the estimated allowable tree height is found to be 4.1m at the
edges and gradually increases up to 4.8m at the center. In the case of outside corridors,
the estimated allowable tree height is found to be 4.1m at the edge of the transmission
centerline and gradually increases up to 6m at the edge of the ROW.

This concludes that a tree of 4.1m height could be planted throughout the ROW section
for 220kV Lines with a standard tower footing of 20.6m. The allowable tree heights

could be increased with the use of tower body extensions.

The schematic representation of conductor blowouts, tree fall radius and plantation
corridor for 220kV TL is shown in Figure 4.34.
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4.7.3. 132kV Transmission Line

In the case of 132kV TL, a minimum horizontal and vertical clearance of 2.9m is
required from tree. So, a clearance envelope of 2.9m is considered along the conductor
locus during swing conditions. The length of the suspension insulator string is
considered to be 1.75m. Further, two construction corridors of 3.5m below the
conductor position are considered for construction and operational maintenance

purposes.
)} Standard 18m ROW

The allowable insulator swing is estimated to be 15° during maximum sag conditions
for maintaining the standard 18m ROW. Three plantation corridors were identified, a
central corridor of 3.1m width and outside two corridors of 3.95m width. The total
available plantation corridor for a single 350m span is estimated to be 1,790m?, this
value will need reduction considering tower footprint and any permanent structures like
roads, canals etc. For the central corridor, the estimated allowable tree height is found
to be 4.1m. and for outside corridors, the estimated allowable tree height is found to be

4.1m at the edge and gradually increases up to 5.8m at the edge of the ROW.
i) Calculated 23m ROW

The allowable insulator swing is estimated to be 28° during maximum sag conditions
for maintaining the calculated 23m ROW. Three plantation corridors were identified, a
central corridor of 3.1m width and outside two corridors of 6.45m width. The total
available plantation corridor for a single 350m span is estimated to be 5,600m?, this
value will need reduction considering tower footprint and any permanent structures like
roads, canals etc. For the central corridor, the estimated allowable tree height is found
to be 4.1m. In the case of outside corridors, the estimated allowable tree height is found
to be 4.1m at the edge towards the transmission centerline and gradually increases up
to 6.7m at the edge of the ROW.

This concludes that a tree of 4.1m height could be planted throughout the ROW section
for 132kV Lines with a standard tower footing of 19m. The allowable tree heights could
be increased with the use of tower body extensions. The schematic representation of
conductor blowouts, tree fall radius and plantation corridor for 132kV TL with standard
18m ROW and calculated 23m ROW is shown in Figure 4.35 and Figure 4.36.
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CHAPTER-5: CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

The thesis studied the ROW requirements and the electric and magnetic fields of
400kV, 220kV and 132kV high voltage transmission lines in Nepal. The ROW
requirements were estimated for standard design spans being followed in Nepal,
reduced spans and long spans, considering both I-string and V-string suspension
insulators. The electric and magnetic field values and profiles across the ROW were
determined at 1.8m height above ground level, 3.5m height above ground level and

during design swing conditions.

Furthermore, the ROW requirements, electric and magnetic field values and profiles at
terminal gantry locations were estimated. And the allowable tree heights and plantation
corridor below the high voltage transmission line were also estimated considering the
standard ROW boundary and conductor swing during maximum sag conditions.

The conclusions drawn from the study are as follows:

(@ ROW requirements of HVTLs for standard design spans

The existing practice of 46m and 30m ROW for 400kV and 220kV TL for standard
design spans is sufficient and the use of V-string insulators could help reduce the ROW
requirement by as much as 17%. However, it is revealed that the existing practice of
18m ROW for 132kV TL is not sufficient for both I-string and with V-string insulators.
The estimated ROW requirement for HVTLs at standard design spans is as shown in
Table 5.1.

Table 5.1: ROW Requirement @ Standard Design Spans

S. Voltage Design Type of Suspension Estimated Comparison with Standard
N. Level Span String ROW ROW
1 I-String 46m matched
400kV 400m
2 V-String 38m reduced by 8m
3 I-String 30m matched
220kV 350m
4 V-String 25m reduced by 5m
5 I-String 23m increased by 5m
132kV 350m
6 V-String 20m increased by 2m
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(b) ROW requirements of HVTLs for reduced spans

It can be concluded that the use of reduced spans could help reduce the ROW

requirement for HVTLs and, if used with V-string, the ROW requirements could be
reduced significantly. Further, the standard 18m ROW of 132kV TL with I-string will

be justified only at 200m span. The estimated ROW requirement for HVTLs at reduced

design spans is as shown in Table 5.2.

Table 5.2: ROW Requirement @ Reduced Spans

S. Voltage Design Type of Suspension Estimated | Comparison with Standard
N. Level Span String ROW ROW
1 I-String 41m reduced by 5m
300m
2 V-String 33m reduced by 13m
400kV
3 I-String 38m reduced by 8m
200m
4 V-String 29m reduced by 17m
5 I-String 26m reduced by 4m
250m
6 V-String 21m reduced by 9m
220kV
7 I-String 23m reduced by 7m
150m
8 V-String 18m reduced by 12m
9 I-String 19m increased by 1m
250m
10 V-String 16m reduced by 2m
11 I-String 18m matched
132kV 200m
12 V-String 14m reduced by 4m
13 I-String 17m reduced by 1m
150m
14 V-String 13m reduced by 5m

(c) ROW requirements of HVTLs for long spans

For a 500m long span, the standard ROW for 400kV, 220kV and 132kV TL is not

sufficient with I-string and the ROW requirement increases. The estimated ROW

requirement for HVTLs at 500m long spans with I-string is as shown in Table 5.3.
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Table 5.3: ROW Requirement @ 500m Long Spans

S. Voltage Design Type of Suspension Estimated Comparison with Standard
N. Level Span String ROW ROW

1 400kV 500m I-String 55m increased by 9m

2 220kV 500m I-String 43m increased by 13m

3 132kV 500m I-String 36m increased by 18m

Further, with a tension string insulator there will still be violations of the ROW
requirement, and it will depend on the preference of whether to maintain/violate the
tower loading or wire tensions. The violation of the ROW could be addressed either

by using increased wire tension and special towers or by increasing the ROW itself.

(d) Electric field and magnetic field of HV TLs

At 1.8m height above the ground, the electric and magnetic field values below the line
and at the edge of the ROW of 400kV, 220kV and 132kV TLs are within the
recommended limits defined by ICNIRP. The field values are maximum below the wire
position and gradually reduces towards the edge of ROW. Further, the use of V-string

configurations could help reduce the field values due to compact configuration.

At 3.5m height above the ground, the electric field value below the 400kV line exceeds
the recommended limits defined by ICNIRP, whereas the magnetic field values are
within the limit. Whereas, for 220kV and 132kV TLs the field values are within the
recommended limits. Therefore, it can be concluded that if temporary underbuilds are
to be considered, the tower footing heights of 400kV TL shall be increased by 3m.

During design swing conditions and building height consideration, the electric and
magnetic field values at the edge of standard ROW for 400kV and 220kV TLs are
within the recommended limits defined by ICNIRP. However, in the case of 132kV TL,
the electric field value at the edge of standard 18m ROW at 15m height above ground
level reaches alarming level of 83kV/m. This value gets reduced to 4kV/m at the edge
of the calculated 23m ROW. Therefore, it can be concluded that the standard 18m ROW
for 132kV TL is not sufficient and requires 23m ROW.

83



(e) Gantry locations

The ROW requirements for 400kV, 220kV and 132kV HVTLs on the gantry span are
within the standard ROW values. The electric and magnetic field values are within the
recommended limits by ICNIRP for general public exposure.

(F) Allowable tree heights and plantation corridor

Three different plantation corridors are identified for HVTLS, one in the center and two
on the outside towards the edge of the ROW. The construction corridors of 3.5m, 5m
and 7m were considered below the conductors for 132kV, 220kV and 400kV TL. The
total plantation corridor available for 132kV, 220kV and 400kV TLs are estimated to
be 1700m?, 7000m? and 12744m?. These values will need reduction considering the
tower footprint and any permanent structures like roads, canals etc. It is found that the
tree of 4.1m heights could be planted throughout the ROW section for 132kV, 220kV
and 400kV TLs considering the standard tower footing heights. It is also observed that
the tree heights could be increased towards the edge of the ROW, due to upward
movement of conductor during swing conditions. The maximum allowable tree height
at the edge of the ROW is estimated to be 5.8m, 6m and 7.1m for 132kV, 220kV and
400KV TLs. The plantation height could be increased with use of standard tower
body/leg extensions. Further, for the 132kV transmission lines, if the calculated 23m
ROW is considered, the maximum tree height at the edge of the ROW could be 6.7m

and the total plantation corridor could be 5600m?2.

5.2. Recommendations
5.2.1. Recommendations for Utilities
The following recommendations have been brought forward for transmission line

utilities in Nepal to make the HVTLs more resilient and compliant with international

practices.

(a) Standardize minimum ROW width and make provisions for flexible ROW

boundaries

The ROW requirement is governed by the physical electrical clearance requirements
during wire swing conditions, and could vary, which mainly depends upon the design

span, type of conductor and tower configurations. However, the current ROW practices
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in Nepal are based on voltage level and are considered the same values irrespective of
design span lengths, type of conductor and tower configurations, which leaves no room
for ROW optimization and the possibility of mitigating the impact on forest and urban

areas.

The ROW reduction and optimization could be achieved by adapting new innovative

technologies and approaches as below:

i) The use of monopoles, towers with insulated crossarms and narrow body towers
could reduce the ROW requirements.

i) The use of V-string insulators and braced post insulators could mitigate the
possible insulator swings and reduce the ROW requirements.

iii) The use of HTLS conductors could reduce the sag and blowout of conductors
and hence reduce the ROW requirements.

iv) The use of interphase spacers could help reduce the conductor blowout and
hence the ROW requirements.

v) Implementing site-specific design criteria and flexible design spans, such as for
rural areas, urban areas and forest areas could help optimize the line design and

ROW requirements.

Hence, it is recommended that the minimum ROW width based on the voltage level of
the transmission line shall be established along with provision for flexible ROW width
based on geographic, environmental and social settings, such as for rural, urban and

forest areas.
(b) Redefine land use and lessen community and environmental impact

In context of Nepal, most of the transmission lines transverse through the forest areas,
cultivable lands and valleys. But there is no provision for the utilization of such lands
below the transmission lines and, for this reason, all the ROW is completely cleaned up
and bulk tree cutting is required. Encouraging landowners to grow low-height trees,
such as fruit-bearing plants and flowers and herbs on these lands, especially in forest
areas and valley crossing areas, could provide landowners with additional income and
act as a buffer for transmission corridors and mitigate the issue of ROW encroachment
and help foster a positive relationship with the transmission licensee. In the case of

valley crossings, targeted tree cutting could save multiple trees.
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Therefore, it is recommended that provisions shall be made to allow the utilization of
land (e.g. small-height tree plantation or solar farms) below transmission lines based on

feasibility of operation and without compromising the reliability and safety.
(c) Address public health and safety concerns regarding electric and magnetic fields

The electric and magnetic field below the line and at the edge of the ROW is also a
governing factor while estimating the ROW requirement of HVTLs. Currently, there is
not any established practice and approach for estimating these field values in Nepal.
Therefore, provisions and approaches for estimating electric and magnetic fields below
the line and at the edge of the ROW shall be introduced and made mandatory, to be in-
line with international practice of public safety. This will help address/mitigate the
public health and safety concerns relating to the effects of electric and magnetic fields

from high voltage transmission lines.

The benefits of re-defining the ROW guidelines are highlighted as follows:
1) Reduction of right of way width in many places.
i) Reduction in overall cost and time of right of way acquisition.
iii) Option for growing low-height trees and improved land utilization.
iv) Reduction in social and environmental impacts and disputes.
v) Compliance with international practices and address public health and safety

concerns.
5.2.2. Recommendations for Future Study

The following recommendations have been made for future studies.
(a) This study has considered clearance values for elevation up to 1000m. Since Nepal
has a wide range of elevation, the study could be conducted for higher elevation

requirements.

(b) This study has considered ACSR Bear, ACSR Bison and ACSR Moose conductors
for 132kV, 220kV and 400kV TLs. The choice of conductors could vary based on
project requirement, so further study could be conducted for other conductors, like
ACSR Cardinal for 132kV TL, ACSR Moose for 220kV TL and ACSR Bison for
400kV TL.
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(c) The ROW requirement depends on the maximum sag of conductors. The study
could be extended to consider HTLS conductors which have low sag compared to
ACSR conductors.

(d) This study has been carried out only for 132kV, 220kV and 400kV HV TLs. Similar
studies could be done for 66kV and 33kV transmission lines, as these are also
widely being used by small IPPs for power evacuation and as sub-transmission

lines.

(e) The study has considered I-string and V-string insulators for ROW analysis. Further

studies could consider braced post insulators or insulated crossarms for the study.

(F) The study has considered a flat terrain model with ruling spans and is an effort to
establish a design basis. This could be further implemented on any existing or new
transmission line project to verify the ROW requirements, electric and magnetic
field values as well as plantation corridors.
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APPENDIX- A: TOWER DRAWINGS
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Figure-6: 220kV Double Circuit Tension Tower
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Figure-9: 400kV Double Circuit Tension Tower
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APPENDIX- B: GANTRY DRAWINGS
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Figure-2: 220kV Gantry — Plan View
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Figure-3: 400kV Gantry — Plan View
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APPENDIX- C: WIRE SPECIFICATIONS
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Specifications for ACSR “Moose” Conductor

S.N. | Description Data
1 | Stranding and wire diameter 54/3.53 mm Al
7/3.53 mm Steel
2 | Number of Strands
Steel core 1
1% Steel Layer 6
15t Aluminum Layer 12
2" Aluminum Layer 18
34 Aluminum Layer 24
3 | Sectional area of Aluminum 528.5 mm?
4 | Total Sectional area 597 mm?
5 | Overall diameter 31.77 mm
6 | Approximate mass 1,988 Kg/Km
7 | Minimum UTS 16,420 Kg
8 | Modulus of Elasticity 7,036 Kg/mm?
9 | Coefficient of Linear Expansion 19.3 * 10 per °C
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Specifications for ACSR “Bison” Conductor

S.N. | Description Data
1 | Stranding and wire diameter 54/3 mm Al
7/3 mm Steel
2 | Number of Strands
Steel core 1
1% Steel Layer 6
15 Aluminum Layer 12
2" Aluminum Layer 18
3" Aluminum Layer 24
3 | Sectional area of Aluminum 381.8 mm?
4 | Total Sectional area 431.2 mm?
5 | Overall diameter 27 mm
6 | Approximate mass 1,444 Kg/Km
7 | Minimum UTS 12,328.4 Kg
8 | Modulus of Elasticity 7,034 Kg/mm?
9 | Coefficient of Linear Expansion 19.3 * 10 per °C
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Specifications for ACSR “Bear” Conductor

S.N. | Description Data
1 | Stranding and wire diameter 30/3.35 mm Al
7/3.35 mm Steel
2 | Number of Strands
Steel core 1
1% Steel Layer 6
1% Aluminum Layer 12
2" Aluminum Layer 18
3 | Sectional area of Aluminum 264.4 mm?
4 | Total Sectional area 326.1 mm?
5 | Overall diameter 23.45 mm
6 | Approximate mass 1,213 Kg/Km
7 | Minimum UTS 11,340 Kg
8 | Modulus of Elasticity 7,034 Kg/mm?
9 | Coefficient of Linear Expansion 19.3 * 10 per °C
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Specifications for OPGW

S.N. Description Data
1 Total Sectional Area 68 mm?
2 Outer Diameter 11.4 mm
3 Breaking Load 8828 Kg
4 Cable Weight 487 Kg/Km
5 Modulus of Elasticity 16519 Kg/mm?
6 Coefficient of Thermal Expansion 3.0*10° per °C
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Specifications for GSW — 10.98mm

S.N. Description Data
1 Total Sectional Area 73.65 mm?
2 Outer Diameter 10.98 mm
3 Breaking Load 6934 Kg
4 Cable Weight 583 Kg/Km
5 Modulus of Elasticity 19361 Kg/mm?
6 Coefficient of Thermal Expansion 1.15*107° per °C
Specifications for GSW — 10.05mm
S.N. Description Data
1 Total Sectional Area 61.7 mm?
2 Outer Diameter 10.05 mm
3 Breaking Load 6974.8 Kg
4 Cable Weight 483 Kg/Km
5 Modulus of Elasticity 19000 Kg/mm?
6 Coefficient of Thermal Expansion 1.15*107° per °C

110




APPENDIX- D: SAG TENSION REPORTS
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Report Index

S.N. Line Voltage Level (kV) Span (m) Wire

1 400m ACSR Moose
2 400m 7/3.66 GSW

3 400m 11.4mm OPGW
4 300m ACSR Moose
5 400kV Line 300m 7/3.66 GSW

6 300m 11.4mm OPGW
7 200m ACSR Moose
8 200m 7/3.66 GSW

9 200m 11.4mm OPGW
10 350m ACSR Bison
11 350m 7/3.35 GSW
12 350m 11.4mm OPGW
13 250m ACSR Bison
14 220kV Line 250m 7/3.35 GSW
15 250m 11.4mm OPGW
16 150m ACSR Bison
17 150m 7/3.35 GSW
18 150m 11.4mm OPGW
19 350m ACSR Bear
20 350m 11.4mm OPGW
21 250m ACSR Bear
22 250m 11.4mm OPGW

132kV Line

23 200m ACSR Bear
24 200m 11.4mm OPGW
25 150m ACSR Bear
26 150m 11.4mm OPGW
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400KV D/CT/L
DESIGN SPAN: 400M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR ; 54/7/3.53 Phase Conductor
AREA ;|  mm? 597 "QUADRUPLE ACSR MOOSE "
DIA : mm 31.77
WT OF CONDUCTOR :| Kg/m 2.004
ULTIMATE TENSILE STRENGTH : Kg 16438
MODULUS OF ELASTICITY :| Kg/mm? | 7034
DESIGN SPAN ; m 400
MIN TEMPERATURE : °C -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 85
COEFF OF LINEAR EXPANSION :|  /°C 1.93E-05

INITIALF.O.S OR SAG (m)

FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[  mm 0
WIND TEMP DEG ICE SAG STRESS TENSION % SPAN
(ES/E;SZ) ec) FOR(”x:)'ON m | kerem?) | (ko) o (m)
0 -5 0 9.435 711.58 4248 25.8 400
36% 72.5 -5 0 - 970.41 5793 35.2 400
INI 0 32 0 11.083 | 605.76 3616 22.0 400
75% 151.0 32 0 - 1292.99 7719 47.0 400
100% | 201.3 32 0 - 1568.34 9363 57.0 400
0 85 0 13.256 | 506.44 3023 18.4 400
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge Cqc : 1.00
= 201.3 Kg/m’ Gc: 2.246
[Gc considered at a height of : 45,446 m]
100% wind pressure at everyday temperature : 201.3 Kg/m?
75% wind pressure at everyday temperature : 151.0 Kg/m?
36% wind pressure at minimum temperature : 72.5 Kg/m?
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400KV D/CT/L
DESIGN SPAN: 400M
WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 7/3.66 Earthwire
AREA :[  mm? 73.65 7/3.66
DIA : mm 10.98
WT :[ Kg/m 0.583
ULTIMATE TENSILE STRENGTH : Kg 6934
MODULUS OF ELASTICITY ;| Kg/mm? | 19361
DESIGN SPAN : m 400
MIN TEMPERATURE °c -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 53
COEFF OF LINEAR EXPANSION :|  /°C 1.15E-05

INITIALF.O.S OR SAG (m)

FOS
| sAG 8.491
INITIAL TEMP : °C -5
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:L'ENSDS TEMP DEG FORA'/\C/EHON SAG STRESS TENSION %f SPAN
°c Kg/cm? K ©
(Ka/n?) (C) (mm| (m) (Kg/em’) (Kg) UTS (m)
INI 0 -5 0 8.491 1864.47 1373 19.8 400
36% 90.1 -5 0 - 3007.29 2215 31.9 400
0 32 0 9.551 1657.60 1221 17.6 400
75% 187.7 32 0 - 4386.69 3231 46.6 400
100% | 250.2 32 0 - 5327.19 3923 56.6 400
0 53 0 10.136 | 1561.88 1150 16.6 400
Notes:
Basic wind speed V, = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge Cge: 1.20
= 250.2 Kg/m? Ge : 2.327
[Ge considered at a height of : 54.895 m]
100% wind pressure at everyday temperature : 250.2 Kg/m?
75% wind pressure at everyday temperature : 187.7 Kg/m?
36% wind pressure at minimum temperature : 90.1 Kg/m?
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400KVD/CT/L
DESIGN SPAN: 400M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR ; OPGW Earthwire
AREA ;| mm? 68 OPGW
DIA : mm 11.4
WT :| Kg/m 0.489
ULTIMATE TENSILE STRENGTH : Kg 8772
MODULUS OF ELASTICITY ;| Kg/mm? | 16519
DESIGN SPAN : m 400
MIN TEMPERATURE : °C -5
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE ; °c 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06
INITIALF.O.S OR SAG (m)
FOS
)| sAG 8.491
INITIAL TEMP : °c -5
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION : mm 0
WIND revp DEG ICE SAG STRESS TENSION % SPAN
(:S/E;Sz) rc) FOR&QT)'ON (m | kgremd) | kgl el (m)
INI 0 -5 0 8.491 1693.79 1152 13.1 400
36% 90.1 -5 0 - 3041.20 2068 23.6 400
0 32 0 8.766 | 1640.78 1116 12.7 400
75% 187.7 32 0 - 4706.13 3200 36.5 400
100% | 250.2 32 0 - 5688.69 3868 441 400
0 53 0 8.921 1612.25 1096 12.5 400
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure P4 = 879 N/m’ Reliability level - 1; Ky = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge Cae: 1.20
= 250.2 Kg/m? Ge : 2.327
[Ge considered at a height of : 54.895 m]
100% wind pressure at everyday temperature : 250.2 kg/m?
75% wind pressure at everyday temperature : 187.7 Kg/m?
36% wind pressure at minimum temperature : 90.1 Kg/m?
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400KV D/CT/L
DESIGN SPAN: 300M

WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR ; 54/7/3.53 Phase Conductor
AREA ;|  mm? 597 "QUADRUPLE ACSR MOOSE "
DIA : mm 31.77
WT OF CONDUCTOR :| Kg/m 2.004
ULTIMATE TENSILE STRENGTH : Kg 16438
MODULUS OF ELASTICITY :| Kg/mm? | 7034
DESIGN SPAN ; m 300
MIN TEMPERATURE : °C -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 85
COEFF OF LINEAR EXPANSION :|  /°C 1.93E-05

INITIALF.O.S OR SAG (m)

FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[  mm 0
WIND TEMP DEG ICE SAG STRESS TENSION % SPAN
(ES/E;SZ) ec) FOR(”x:)'ON m | kerem?) | (ko) o (m)
0 -5 0 4.820 782.93 4674 28.4 300
36% 74.5 -5 0 - 1004.18 5995 36.5 300
INI 0 32 0 6.230 605.76 3616 22.0 300
75% 155.3 32 0 - 1215.52 7257 441 300
100% | 207.0 32 0 - 1452.89 8674 52.8 300
0 85 0 8.160 | 462.96 2764 16.8 300
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge Cqc : 1.00
= 207.0 Kg/m? Gc: 2.306
[Gc considered at a height of : 43.420 m]
100% wind pressure at everyday temperature : 207.0 Kg/m?
75% wind pressure at everyday temperature : 155.3 Kg/m?
36% wind pressure at minimum temperature : 74.5 Kg/m?
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400KV D/CT/L
DESIGN SPAN: 300M
WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 7/3.66 Earthwire
AREA :[  mm? 73.65 7/3.66
DIA : mm 10.98
WT :[ Kg/m 0.583
ULTIMATE TENSILE STRENGTH : Kg 6934
MODULUS OF ELASTICITY ;| Kg/mm? | 19361
DESIGN SPAN : m 300
MIN TEMPERATURE °c -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 53
COEFF OF LINEAR EXPANSION :|  /°C 1.15E-05

INITIALF.O.S OR SAG (m)

FOS
)| SAG 4.340
INITIAL TEMP : °C -5
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :|  mm 0
:L'ENSDS TEMP DEG FORA'ACAEHON SAG STRESS TENSION %f SPAN
°c Kg/cm? K ©
Ka/m) (C) (mm| (m) (Kg/em’) (Kg) UTS (m)
INI 0 -5 0 4.340 | 2051.41 1511 21.8 300
36% 92.5 -5 0 - 3004.51 2213 31.9 300
0 32 0 5.210 | 1707.30 1257 18.1 300
75% 192.8 32 0 - 4059.88 2990 43.1 300
100% | 257.0 32 0 - 4857.15 3577 51.6 300
0 53 0 5.720 | 1556.59 1146 16.5 300
Notes:
Basic wind speed V, = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge Cge: 1.20
= 257.0 Kg/m? Ge : 2.395
[Ge considered at a height of : 53.000 m]
100% wind pressure at everyday temperature : 257.0 Kg/m?
75% wind pressure at everyday temperature : 192.8 Kg/m?
36% wind pressure at minimum temperature : 92.5 Kg/m?
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400KVD/CT/L
DESIGN SPAN: 300M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA ;|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.489
ULTIMATE TENSILE STRENGTH : Kg 8772
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 300
MIN TEMPERATURE : °c -5
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE : °Cc 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06

INITIALF.O.S OR SAG (m)

FOS
)| sAG 4.340
INITIAL TEMP : °C -5
INITIAL WIND PRESSURE :[ Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:LIESZ TEMP DEG FORIIVC\:AEHON SAG STRESS TENSION %f SPAN
°c Ka/cm? K ©
Ka/m?) ("C) (mm) (m) (Kg/ecm’) (Kg) UTS (m)
INI 0 -5 0 4.340 | 1863.62 1267 14.4 300
36% 92.5 -5 0 - 2980.08 2026 23.1 300
0 32 0 4,558 | 1774.84 1207 13.8 300
75% 192.8 32 0 - 4348.32 2957 33.7 300
100% | 257.0 32 0 - 5173.67 3518 40.1 300
0 53 0 4.683 | 1727.39 1175 13.4 300
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure P4 = 879 N/m’ Reliability level - 1; Ky = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge Cae: 1.20
= 257.0 Kg/m? Ge @ 2.395
[Ge considered at a height of : 53.000 m]
100% wind pressure at everyday temperature : 257.0 kg/m?
75% wind pressure at everyday temperature : 192.8 Kg/m?
36% wind pressure at minimum temperature : 92.5 Kg/m?
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400KV D/CT/L
DESIGN SPAN: 200M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR ; 54/7/3.53 Phase Conductor
AREA ;|  mm? 597 "QUADRUPLE ACSR MOOSE "
DIA : mm 31.77
WT OF CONDUCTOR :| Kg/m 2.004
ULTIMATE TENSILE STRENGTH : Kg 16438
MODULUS OF ELASTICITY :| Kg/mm? | 7034
DESIGN SPAN ; m 200
MIN TEMPERATURE : °C -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 85
COEFF OF LINEAR EXPANSION :|  /°C 1.93E-05

INITIALF.O.S OR SAG (m)

FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[  mm 0
WIND TEMP DEG ICE SAG STRESS TENSION % SPAN
(ES/E;SZ) ec) FOR(”x:)'ON m | kerem?) | (ko) o (m)
0 -5 0 1.850 908.20 5422 33.0 200
36% 72.5 -5 0 - 1044.64 6237 37.9 200
INI 0 32 0 2.770 605.76 3616 22.0 200
75% 151.0 32 0 - 1076.78 6428 39.1 200
100% | 201.3 32 0 - 1259.99 7522 45.8 200
0 85 0 4,290 | 390.87 2334 14.2 200
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge Cqc : 1.00
= 211.0 Kg/m? Gc: 2.353
[Gc considered at a height of : 41.530 m]
100% wind pressure at everyday temperature : 211.0 Kg/m?
75% wind pressure at everyday temperature : 158.3 Kg/m?
36% wind pressure at minimum temperature : 76.0 Kg/m?
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400KV D/CT/L

DESIGN SPAN: 200M

WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge

264.0 Kg/m’

[Ge considered at a height of :

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 7/3.66 Earthwire
AREA :[  mm? 73.65 7/3.66
DIA : mm 10.98
WT :[ Kg/m 0.583
ULTIMATE TENSILE STRENGTH Kg 6934
MODULUS OF ELASTICITY :| Kg/mm? | 19361
DESIGN SPAN : m 200
MIN TEMPERATURE °C -5
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION /°C 1.15E-05
INITIALF.O.S OR SAG (m)
FOS
| sAG 1.660
INITIAL TEMP : °C -5
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
WIND TEMP DEG ICE SAG STRESS TENSION % SPAN
(EZ/E;SQ) ec) FOR(m'ON m | Kkeemd | (ka) o ()
INI 0 -5 0 1.660 | 2379.65 1753 25.3 200
36% 90.1 -5 0 - 2979.86 2195 31.7 200
0 32 0 2.182 | 1813.55 1336 19.3 200
75% 187.7 32 0 - 3567.23 2627 37.9 200
100% | 250.2 32 0 - 4178.07 3077 44.4 200
0 53 0 2.535 | 1561.00 1150 16.6 200
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 879 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; Ko= 1.08

(K2 For Hilly Terrain)

Cge: 1.20
Ge : 2.458

51.236 m]
264.0 Kg/m?

198.0 Kg/m?
95.0 Kg/m?
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400KVD/CT/L
DESIGN SPAN: 200M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA ;|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.489
ULTIMATE TENSILE STRENGTH : Kg 8772
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 200
MIN TEMPERATURE : °c -5
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE : °Cc 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06

INITIALF.O.S OR SAG (m)

FOS
| sAaG 1.660
INITIAL TEMP : °C -5
INITIAL WIND PRESSURE :[ Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:LIESZ TEMP DEG FORIIVC\:AEHON SAG STRESS TENSION %f SPAN
°c Ka/cm? K ©
Ka/m?) ("C) (mm) (m) (Kg/ecm’) (Kg) UTS (m)
INI 0 -5 0 1.660 | 2161.81 1470 16.8 200
36% 90.1 -5 0 - 2875.00 1955 22.3 200
0 32 0 1.778 | 2022.03 1375 15.7 200
75% 187.7 32 0 - 3834.18 2607 29.7 200
100% | 250.2 32 0 - 4458.48 3032 34.6 200
0 53 0 1.847 | 1945.78 1323 15.1 200
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure P4 = 879 N/m’ Reliability level - 1; Ky = 1.00
[As per Specification] = 89.6 Kg/m? Terrain Category -2; K,= 1.08
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge Cae: 1.20
= 264.0 Kg/m? Ge : 2.458
[Ge considered at a height of : 51.236 m]
100% wind pressure at everyday temperature : 264.0 Kg/m?
75% wind pressure at everyday temperature : 198.0 Kg/m?
36% wind pressure at minimum temperature : 95.0 Kg/m?
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220KV D/CT/L
DESIGN SPAN: 350M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 54/7/3 Phase Conductor
AREA :|  mm? 431.2 "Twin ACSR Bison"
DIA : mm 27
WT OF CONDUCTOR :| Kg/m 1.444
ULTIMATE TENSILE STRENGTH : Kg 12328.4
MODULUS OF ELASTICITY ;| Kg/mm? 7034
DESIGN SPAN : m 350
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIAL F.O.S OR SAG (m)
FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION mm 0
:L'SSES) TEMP DEG FORAIACIETION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 6.800 3251 26.4 350
36% 59.4 0 0 - 4229 34.3 350
INI 0 32 0 8.152 2712 22.0 350
75% 123.8 32 0 - 5389 43.7 350
100% | 165.0 32 0 - 6460 52.4 350
0 80 0 10.060 2198 17.8 350
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

= 165.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2.306
165.0 Kg/m?
123.8 Kg/m?
59.4 Kg/m?
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220KV D/CT/L
DESIGN SPAN: 350M
WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 7/3.35 Earthwire
AREA :|  mm? 61.7 7/3.35
DIA : mm 10.05
WT :| Kg/m 0.483
ULTIMATE TENSILE STRENGTH Kg 6974.8
MODULUS OF ELASTICITY :| Kg/mm? | 19000
DESIGN SPAN : m 350
MIN TEMPERATURE °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION /°C 1.15E-05
INITIALF.O.S OR SAG (m)
FOS
|l SAG 6.110
INITIAL TEMP : °C 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:VRlENSZ TEMP DEG FORL\C/EHON SAG TENSION Z’f SPAN
0
Ka/m) ("C) (mm| (m) (Kg) UTS (m)
INI 0 0 0 6.110 1208 17.3 350
36% 72.4 0 0 - 1747 25.0 350
0 32 0 6.970 1061 15.2 350
75% 150.8 32 0 - 2415 34.6 350
100% | 201.0 32 0 - 2897 41.5 350
0 53 0 7.520 983 14.1 350
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; Ko= 1.00

Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge

= 201.0 Kg/m?

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

(K2 For Hilly Terrain)

Cge: 1.20
Ge 1 2.341

201.0 Kg/m?
150.8 kKg/m?
72.4 Kg/m?
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220KVD/CT/L
DESIGN SPAN: 350M

WIRE : EARTHWIRE (OPGW)

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

201.0 Kg/m?
150.8 Kg/m?
72.4 Kg/m?

SAG TENSION CALCULATION
NAME OF THE CONDUCTOR ; OPGW Earthwire
AREA ;| mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY ;| Kg/mm? | 16519
DESIGN SPAN : m 350
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION : /°C 3.00E-06
INITIALF.O.S OR SAG (m)
FOS
| SAG 6.080
INITIAL TEMP : °C 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:;IESZ TEMP DEG FORE/ET|ON SAG TENSION Z’f SPAN
0
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 6.082 1226 13.9 350
36% 72.4 0 0 - 1849 20.9 350
0 32 0 7.026 1061 12.0 350
75% 150.8 32 0 - 2579 29.2 350
100% | 201.0 32 0 - 3099 35.1 350
0 53 0 7.642 976 11.1 350
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge Cae: 1.20
= 201.0 Kg/m? Ge : 2.341
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220KV D/CT/L
DESIGN SPAN: 250M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

165.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 54/7/3 Phase Conductor
AREA :|  mm? 431.2 "Twin ACSR Bison"
DIA : mm 27
WT OF CONDUCTOR :| Kg/m 1.444
ULTIMATE TENSILE STRENGTH : Kg 12328.4
MODULUS OF ELASTICITY ;| Kg/mm? 7034
DESIGN SPAN : m 250
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIAL F.O.S OR SAG (m)
FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION mm 0
:L'SSES) TEMP DEG FORAIACIETION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 3.120 3610 29.3 250
36% 59.4 0 0 - 4319 35.0 250
INI 0 32 0 4.160 2712 22.0 250
75% 123.8 32 0 - 4876 39.5 250
100% | 165.0 32 0 - 5737 46.5 250
0 80 0 5.760 1958 15.9 250
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2.306
165.0 Kg/m?
123.8 Kg/m?
59.4 Kg/m?
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220KV D/CT/L
DESIGN SPAN: 250M
WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 7/3.35 Earthwire
AREA :|  mm? 61.7 7/3.35
DIA : mm 10.05
WT :| Kg/m 0.483
ULTIMATE TENSILE STRENGTH Kg 6974.8
MODULUS OF ELASTICITY :| Kg/mm? | 19000
DESIGN SPAN : m 250
MIN TEMPERATURE °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION /°C 1.15E-05
INITIALF.O.S OR SAG (m)
FOS
| sAG 2.800
INITIAL TEMP : °C 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:VRlENSZ TEMP DEG FORL\C/EHON SAG TENSION Z’f SPAN
0
Ka/m) ("C) (mm| (m) (Kg) UTS (m)
INI 0 0 0 2.800 1344 19.3 250
36% 72.4 0 0 - 1728 24.8 250
0 32 0 3.420 1103 15.8 250
75% 150.8 32 0 - 2165 31.0 250
100% | 201.0 32 0 - 2547 36.5 250
0 53 0 3.850 979 14.0 250
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; Ko= 1.00

Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge

= 201.0 Kg/m?

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

(K2 For Hilly Terrain)

Cge: 1.20
Ge 1 2.341

201.0 Kg/m?
150.8 kKg/m?
72.4 Kg/m?
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220KVD/CT/L
DESIGN SPAN: 250M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR ; OPGW Earthwire
AREA ;| mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY ;| Kg/mm? | 16519
DESIGN SPAN m 250
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION : /°C 3.00E-06
INITIALF.O.S OR SAG (m)
FOS
| SAG 2.800
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION : mm 0
:LIESZ TEMP DEG FORIIV(\:EHON SAG TENSION Z’f SPAN
0
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 2.800 1355 15.3 250
36% 72.4 0 0 - 1803 20.4 250
0 32 0 2.950 1288 14.6 250
75% 150.8 32 0 - 2439 27.6 250
100% [ 201.0 32 0 - 2848 32.3 250
0 53 0 3.055 1246 14.1 250
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge Cae: 1.20
= 201.0 Kg/m? Ge : 2.341
100% wind pressure at everyday temperature : 201.0 kg/m?
75% wind pressure at everyday temperature : 150.8 Kg/m?
36% wind pressure at minimum temperature : 72.4 Kg/m?
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220KV D/CT/L
DESIGN SPAN: 150M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

167.3 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 54/7/3 Phase Conductor
AREA :|  mm? 431.2 "Twin ACSR Bison"
DIA : mm 27
WT OF CONDUCTOR :| Kg/m 1.444
ULTIMATE TENSILE STRENGTH : Kg 12328.4
MODULUS OF ELASTICITY ;| Kg/mm? 7034
DESIGN SPAN : m 150
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIAL F.O.S OR SAG (m)
FOS 4,545
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION mm 0
:L'SSES) TEMP DEG FORAIACIETION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 0.980 4128 33.5 150
36% 59.4 0 0 - 4457 36.1 150
INI 0 32 0 1.500 2712 22.0 150
75% 123.8 32 0 - 4148 33.6 150
100% | 165.0 32 0 - 4746 38.5 150
0 80 0 2.610 1553 12.6 150
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2.340
165.0 Kg/m?
123.8 Kg/m?
59.4 Kg/m?
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220KV D/CT/L
DESIGN SPAN: 150M
WIRE : EARTHWIRE (GSW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : 7/3.35 Earthwire
AREA :|  mm? 61.7 7/3.35
DIA : mm 10.05
WT :| Kg/m 0.483
ULTIMATE TENSILE STRENGTH Kg 6974.8
MODULUS OF ELASTICITY :| Kg/mm? | 19000
DESIGN SPAN : m 150
MIN TEMPERATURE °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE ; °C 53
COEFF OF LINEAR EXPANSION /°C 1.15E-05
INITIALF.O.S OR SAG (m)
FOS
|l SAG 0.880
INITIAL TEMP : °C 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:VRlENSZ TEMP DEG FORL\C/EHON SAG TENSION Z’f SPAN
0
Ka/m) ("C) (mm| (m) (Kg) UTS (m)
INI 0 0 0 0.880 1540 22.1 150
36% 72.4 0 0 - 1716 24.6 150
0 32 0 1.147 1184 17.0 150
75% 150.8 32 0 - 1830 26.2 150
100% | 201.0 32 0 - 2088 29.9 150
0 53 0 1.380 983 14.1 150
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; Ko= 1.00

Wind pressure on conductor Fy, ¢ =Pq * Cge * Ge

= 201.0 Kg/m?

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

(K2 For Hilly Terrain)

Cge: 1.20
Ge 1 2.341

201.0 Kg/m?
150.8 kKg/m?
72.4 Kg/m?
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220KV D/CT/L

DESIGN SPAN: 150M

WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ = Pg * Cge * Ge

= 201.0 Kg/m?

100% wind pressure at everyday temperature :
75% wind pressure at everyday temperature :
36% wind pressure at minimum temperature :

(K2 For Hilly Terrain)

NAME OF THE CONDUCTOR ; OPGW Earthwire
AREA ;|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN m 150
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE ; °c 32
MAX TEMPERATURE ; °c 53
COEFF OF LINEAR EXPANSION : /°C 3.00E-06
INITIALF.O.S OR SAG (m)
FOS
| sAG 0.880
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION : mm 0
:LIESZ TEMP DEG FORE/ET|ON SAG TENSION Z’f SPAN
0
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 0.880 1553 17.6 150
36% 72.4 0 0 - 1761 19.9 150
0 32 0 0.938 1459 16.5 150
75% 150.8 32 0 - 2102 23.8 150
100% [ 201.0 32 0 - 2370 26.8 150
0 53 0 0.980 1398 15.8 150
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 716 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

Cde
Ge

201.0 Kg/m?
150.8 Kg/m?
72.4 Kg/m?

:1.20
1 2.341
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132KV D/CT/L
DESIGN SPAN: 350M
WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

155.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 30/7/3.35 Phase Conductor
AREA ;[  mm? 326.1 "ACSR Bear"
DIA : mm 23.45
WT OF CONDUCTOR :| Kg/m 1.213
ULTIMATE TENSILE STRENGTH : Kg 11340
MODULUS OF ELASTICITY :| Kg/mm? 7034
DESIGN SPAN : m 350
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIALF.O.S OR SAG (m)
FOS 4,550
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION ;| mm 0
:L'SSES) TEMP DEG FORAIAC;ION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 6.140 3026 26.7 350
36% 55.8 0 0 - 3768 33.2 350
INI 0 32 0 7.450 2495 22.0 350
75% 116.3 32 0 - 4617 40.7 350
100% | 155.0 32 0 - 5471 48.2 350
0 80 0 9.370 1983 17.5 350
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; Ky =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2175
155.0 Kg/m?
116.3 Kg/m?
55.8 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 350M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA :|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 350
MIN TEMPERATURE °c 0
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE : °c 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06

INITIALF.O.S OR SAG (m)

FOS
| sAG 5.520
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:;ISSZ TEMP DEG FORIlv\CAETION SAG TENSION Z’f SPAN
0,
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 5.520 1349 15.3 350
36% 68.4 0 0 - 1919 21.7 350
0 32 0 5.730 1300 14.7 350
75% 142.5 32 0 - 2721 30.8 350
100% [ 190.0 32 0 - 3220 36.5 350
0 53 0 5.870 1269 14.4 350
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pgq * Cge * Ge Cae: 1.20
= 190.0 Kg/m? Ge : 2.210
100% wind pressure at everyday temperature : 190.0 Kg/m?
75% wind pressure at everyday temperature : 142.5 kg/m?
36% wind pressure at minimum temperature : 68.4 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 250M

WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

155.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 30/7/3.35 Phase Conductor
AREA ;[  mm? 326.1 "ACSR Bear"
DIA : mm 23.45
WT OF CONDUCTOR :| Kg/m 1.213
ULTIMATE TENSILE STRENGTH : Kg 11340
MODULUS OF ELASTICITY :| Kg/mm? 7034
DESIGN SPAN : m 250
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIALF.O.S OR SAG (m)
FOS 4,550
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION ;| mm 0
:L'SSES) TEMP DEG FORAIAC;ION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 2.870 3304 29.1 250
36% 55.8 0 0 - 3810 33.6 250
INI 0 32 0 3.800 2495 22.0 250
75% 116.3 32 0 - 4158 36.7 250
100% | 155.0 32 0 - 4835 42.6 250
0 80 0 5.360 1768 15.6 250
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; Ky =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2.193
155.0 Kg/m?
116.3 Kg/m?
55.8 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 250M
RE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA :|  mm? 68 OPGW
DIA : mm 11.4
WT | Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 250
MIN TEMPERATURE : °c 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE ; °c 53
COEFF OF LINEAR EXPANSION : /°C 3.00E-06
INITIAL F.O.S OR SAG (m)
FOS
)| SAG 2.580
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :| mm 0
:;ISSZ TEMP DEG FORIlv\CAETION SAG TENSION Z’f SPAN
0,
Ka/m?) ("C) (mm| (m) (Kg) TS (m)
INI 0 0 0 2.580 1473 16.7 250
36% 68.4 0 0 - 1864 21.1 250
0 32 0 2.710 1400 15.9 250
75% 142.5 32 0 - 2449 27.7 250
100% | 190.0 32 0 - 2837 32.1 250
0 53 0 2.811 1353 15.3 250
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure P4 = 701 N/m? Reliability level - 1; Ky = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pgq * Cge * Ge Cae: 1.20
= 190.0 Kg/m? Ge : 2.248
100% wind pressure at everyday temperature : 190.0 Kg/m?
75% wind pressure at everyday temperature : 142.5 kg/m?
36% wind pressure at minimum temperature : 68.4 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 200M

WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

155.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 30/7/3.35 Phase Conductor
AREA ;[  mm? 326.1 "ACSR Bear"
DIA : mm 23.45
WT OF CONDUCTOR :| Kg/m 1.213
ULTIMATE TENSILE STRENGTH : Kg 11340
MODULUS OF ELASTICITY :| Kg/mm? 7034
DESIGN SPAN : m 200
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIALF.O.S OR SAG (m)
FOS 4,550
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION ;| mm 0
:L'SSES) TEMP DEG FORAIAC;ION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 1.750 3474 30.6 200
36% 55.8 0 0 - 3835 33.8 200
INI 0 32 0 2.430 2495 22.0 200
75% 116.3 32 0 - 3867 34.1 200
100% | 155.0 32 0 - 4439 39.1 200
0 80 0 3.750 1617 14.3 200
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; Ky =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2.193
155.0 Kg/m?
116.3 Kg/m?
55.8 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 200M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA :|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 200
MIN TEMPERATURE °c 0
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE : °c 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06

INITIALF.O.S OR SAG (m)

FOS
)| sAG 1.570
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:;ISSZ TEMP DEG FORIlv\CAETION SAG TENSION Z’f SPAN
0,
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 1.570 1546 17.5 200
36% 68.4 0 0 - 1832 20.7 200
0 32 0 1.660 1461 16.5 200
75% 142.5 32 0 - 2284 25.9 200
100% | 190.0 32 0 - 2609 29.5 200
0 53 0 1.730 1406 15.9 200
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pgq * Cge * Ge Cae: 1.20
= 190.0 Kg/m? Ge : 2.248
100% wind pressure at everyday temperature : 190.0 Kg/m?
75% wind pressure at everyday temperature : 142.5 kg/m?
36% wind pressure at minimum temperature : 68.4 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 150M

WIRE : PHASE CONDUCTOR

SAG TENSION CALCULATION

Wind pressure on conductor Fy, ¢ =Pg* Cyc * Ge

155.0 Kg/m?

100% wind pressure at everyday temperature :

75% wind pressure at everyday femperature :
36% wind pressure at minimum temperature :

NAME OF THE CONDUCTOR : 30/7/3.35 Phase Conductor
AREA ;[  mm? 326.1 "ACSR Bear"
DIA : mm 23.45
WT OF CONDUCTOR :| Kg/m 1.213
ULTIMATE TENSILE STRENGTH : Kg 11340
MODULUS OF ELASTICITY ;| Kg/mm? 7034
DESIGN SPAN : m 150
MIN TEMPERATURE : °C 0
EVERY DAY TEMPERATURE : °C 32
MAX TEMPERATURE : °C 80
COEFF OF LINEAR EXPANSION : /°C 1.93E-05
INITIAL F.O.S OR SAG (m)
FOS 4,550
: SAG
INITIAL TEMP : °C 32
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION mm 0
:L'SSES) TEMP DEG FORAIAC;ION SAG TENSION Z’f SPAN
Ka/m?) (°C) (mm) (m) (Kg) UTS (m)
0 0 0 0.940 3642 32.1 150
36% 55.8 0 0 - 3862 34.1 150
INI 0 32 0 1.370 2495 22.0 150
75% 116.3 32 0 - 3526 31.1 150
100% | 155.0 32 0 - 3980 35.1 150
0 80 0 2.400 1423 12.6 150
Notes:
Basic wind speed Vi = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; K; =1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00

(K2 For Hilly Terrain)

Cqc: 1.00
Gc: 2175
155.0 Kg/m?
116.3 Kg/m?
55.8 Kg/m?
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132KV D/CT/L
DESIGN SPAN: 150M
WIRE : EARTHWIRE (OPGW)

SAG TENSION CALCULATION

NAME OF THE CONDUCTOR : OPGW Earthwire
AREA :|  mm? 68 OPGW
DIA : mm 11.4
WT ;| Kg/m 0.487
ULTIMATE TENSILE STRENGTH : Kg 8828
MODULUS OF ELASTICITY :| Kg/mm? | 16519
DESIGN SPAN : m 150
MIN TEMPERATURE °c 0
EVERY DAY TEMPERATURE : °c 32
MAX TEMPERATURE : °c 53
COEFF OF LINEAR EXPANSION :[  /°C 3.00E-06

INITIALF.O.S OR SAG (m)

FOS
)| sAG 0.846
INITIAL TEMP : °c 0
INITIAL WIND PRESSURE :| Kg/m? 0
RADIAL ICE FORMATION :[ mm 0
:;ISSZ TEMP DEG FORIlv\CAETION SAG TENSION Z’f SPAN
0,
Ka/m?) ("C) (mm) (m) (Kg) UTS (m)
INI 0 0 0 0.846 1619 18.3 150
36% 68.4 0 0 - 1799 20.4 150
0 32 0 0.899 1524 17.3 150
75% 142.5 32 0 - 2102 23.8 150
100% | 190.0 32 0 - 2353 26.7 150
0 53 0 0.936 1462 16.6 150
Notes:
Basic wind speed Vg = 47 m/sec Wind zone - 4
[Ref Table 4 - 1S 802 (Part1/Sec1):1995
Design wind pressure Py = 701 N/m? Reliability level - 1; K; = 1.00
[As per Specification] = 71.5 Kg/m? Terrain Category -2; K,= 1.00
(K2 For Hilly Terrain)
Wind pressure on conductor Fy, ¢ =Pgq * Cge * Ge Cae: 1.20
= 190.0 Kg/m? Ge : 2.230
100% wind pressure at everyday temperature : 190.0 Kg/m?
75% wind pressure at everyday temperature : 142.5 kg/m?
36% wind pressure at minimum temperature : 68.4 Kg/m?
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Modeling of ACSR “Moose” Conductor

Cable Data @

Fil= F:50 M-S tudy’l nitial ModelsCable File\mooze_acer_400m, wir

Description C ands MOOSE , izh - Adapted from 1° ublic ilable [ ata

b anufacturer Stock Mumber mooze_acs

Cable Type Unknown ~ Size Label Display Calor -

Ph_'.'Sica|l Electrical ] Motes ]

Mumber Diameter
Bimetallic Conductar Outer Strands [ram)

Core Strands [rmm]

The parameters belaw are used to model sag and tension far this cable.

Cable Model

() Nonlinear cable model [separate polynamials for initial and creep behaviar for inner and outer materials)

Linear elastic with permanent stretch due to creep propartional to creep weather case tension

O Linear elastic with permanent stretch due to creep specified as a userinput temperatune increase

Cross section area (mm™2) 537 Outside diameter (mm) 31.77 Unit weight — (daN/m) 2.004 Ultimate tension  [dan) 16438
Termperature shift uzed to model lang term creep [deg C] Default Tension  [daN)
Mumber of independent wirez [1 unless messenger 1

supporting other wires with a spacer]

— Conductor iz a J-Power Systems GAP type conductor strung with core
— supporting all tengion.

Outer Strands Core Strands
Final modulus of elasticity [dahl/mm™2/100] 70.34
Thermal expanzion coeff. [4100 deq) 0.00133
70,34
7,34
Mate: Final modulus, strezs-strain and creep are actual material values Mate: Final modulus, strezs-strain and creep are actual material values
multiplied by ratio of outer strand area to total area. multiplied by ratio of core strand area to total area.

Biretallic Conductor Model...

Aluminum hag a larger thermal expansion coefficient than steel. [f Aluminum iz uged ag the outer material over a steel core there iz a temperature trangition
paint at which the aluminun iz io langer under tension.

Select the behavior you want for temperatures above the transition point

© se behavior from Criteria/Bimetalic Conductor Model

Aluminum does not take compression at high temperature [Bird Cage)

Aluminum can go into compression at high temperature G347 4

Generate Coefficients for outer strands from paints on stress-strain or creep curves Graph Cable Properties Cable Data Report
Generate Coefficients for core strands from points on stresz-strain or creep curves Compozsite Cable Properties Cancel
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Modeling of ACSR “Bison” Conductor

7
File F:0 k-Studysl nitial ModelCable Fileh220kN \bison_acsr_350m. wir
Drescription 54/F Strandz BISON ACSR
M anufacturer Stock Mumber bison_acar
Cable Type Urknown ~ Size Label Digplay Calor -
Physical ] Electrical ] Maotes ]
MHumber Dliameter
Bimetallic Conductor Duter Strands {rm]
Core Strands [rari)
The parameters below are uzed to model zag and tenzion for this cable.
Cable Madel
(O Norlinear cable model [separate polynarials for initial and creep behavior for inner and outer materials)
(_J Linear elastic with permanent stretch due to creep proportional to creep weather case tengion
O Linear elastic with parmanent streteh due to creep specified a3 a user-input temperature increass
Cross section area [mm™2) 431.2 Outside diameter [rm) 27 Unit weight — [da/m) 1.444 Ultirnate tension — [dah) 12328.4
Temperature ghift uged to model long term creep (deg C) Default Tension  (daM)
Humber of independent wires [1 unless messenger 1

supporting other wires with a spacer)

— Conductor iz a J-Power Systems GAP type conductor strung with core
— gupporting all tengion.

Outer Strands Core Strands
Final modulus of elasticity (daM smm™24100) 70.34
Thermal expanzion coeff. (4100 deg) 0.00133
70,34
70,34
Mote: Final modulus, stress-strain and creep are actual matenial values Mote: Final modulus, stress-strain and creep are actual maternial values
multiplied by ratio of outer strand area to total area. multiplied by ratio of core strand area to total area.

Bimetallic Conductor kMadel...
Aluminum has a larger thermal expansion coefficient than steel. IF Aluminum iz used as the outer matenal over a steel core there iz a temperature transition
point at which the aluminum is no longer under tengion,

Select the behavior you want for temperatures above the transition point

© Use behavior from Criteria/Bimetalic Conductor Model

luminum does not take compreszsion at high temperature (Bird Cage)

) Aluminumn can go inta comprassion at high temperature 683474
Generate Coefficients for outer strands fram points on stress-strain of creep curves Graph Cable Properties Cable Data Repaort
Generate Coefficients for core strands from points on stress-strain or creep curves Composite Cable Properties QK. Cancel
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Modeling of ACSR “Bear” Conductor

7
Filz F:40 M-Studyhlnitial Model\Cable Files132kW bear_acar_350n. wir
Description 3047 Strands BEAR ACSR British - Adapted from 1970'% Publicly Available Data
b anufacturer Stock Murmber bear_acar
Cable Type Unknown - Size Label Dizplay Colar -

Ph.'.'Sica|l Electrical l Motes l

Mumber Diameter

Bimetallic Conductor Outer Strands [mm)

Care Strands [mim]

The parameters below are uzed to model sag and tension for thiz cable.

Cable Model

) Monlinear cable model [geparate polynomials for initial and creep behavior for inner and outer materials)

Linear elaztic with permanent stretch due to creep proportional to creep weather caze tension

O Linear elastic with permanent stretch due to creep specified as a user-input temperature increase

Cross section area [mm™2) 326.1 Dutside diameter [mm) 23.45 Unit weight — (daM /m) 1.213 Ultirnate tension  [daty) 11340
Termperature shift uzed to model long term creep [deq C) Default Tension  [daM]
Mumber of independent wirez (1 unless mezsenger 1

supporting other wires with a spacer|

'm Conductor iz aJ-Power Spstems GAP type conductor strung with core
— supporting all tengion,

Outer Strands Core Strands
Final modulus of elasticity [daM /rm™24100] 70.34
Thermal expanzion cosff. (4100 deg) 0.00133
70.34
70.34
Mote: Final modulus, stress-strain and creep are actual material values Mote: Final modulus, stress-strain and creep are actual material values
multiplied by ratio of outer strand area ta tatal area. multiplied by ratio of core strand area to tokal area.

Bimetallic Conductor Model...

Aluminum hasz a larger thermal expansion coefficient than steel. If Aluminum is used as the outer material over a steel core there iz a temperature ransition
point at which the aluminum iz no longer under tension.

Select the behavior you want for temperatures above the trangition point

© Use behavior from Criteria/Bimetallic Conductor Madel

() Alumirum does nat take compression at high temperature [Bird Cage)

) Aluminum can go into compression at high temperature 583474
Generate Coefficients for outer strands from points on stress-shain o creep curves Graph Cable Properties Cable Data Report
Generate Coefficients for core strands from points on stress-strain or creep curves Compasite Cable Properties ak Cancel
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Modeling of 11.4mm OPGW Earthwire

File F:A0 -5 tudyh nitial ModelCable FilehOPGw-11, 4mm_400m, wir

Description OPGW-17.4mm

M anufacturer Stock Mumber

Cabls Type Lk rown ~ Size Label Dizplay Color I:I

Ph}'Sicall Electrical l Motes ]

MNumber Dliameter

[ Bimetallic Conductor Shands [rrim)

The parameters below are uzed to model sag and tension for this cable.

Cable Madel

) Monlinear cable model [geparate polynomials for initial and creep behavior for inner and outer materials)

Linear elastic with permanent stretch due to creep proportional to creep weather case tension

© Linear elastic with permanent stretch due to creep specified as a user-input temperature increase

Cross section area [mm™2) 68 Outside diameter [mm) 11.4 Unit weight  [daM/m) 0.483 Ultimate tension — [daM) 8772
Temperature shift used to model long term creep [deq C) Default Tension — [da)
Mumber of independent wires [1 unless meszenger 1

supporting other wires with a spacer)

— Conductor iz aJ-Power Syztems GAP twpe conductor strung with core
— supporting all tengion.

Final moduluz of elasticity [dah /mm™2/100) 16519
Thermal expansion coeff. [#100 deg) 0.003
166.19
166.19
Generate Coefficients for strands from points on stress-strain or creep curves Graph Cable Properties Cable D1ata Report

ak Cancel
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Modeling of 10.98mm GSW Earthwire

7
Fil= F:A0 M-StudpsInitial Model\Cable Filehew-10.98mm_400m. wir
Description Earth wire:
b anufacturer Stock Mumber
Cable Type Unknown ~ Size Label Dizplay Color -
Physical ] Electrical ] Motes l
- Mumber Diarneter
|__| Bimetallic Conductor Skrands {ran]
The parameters below are used to model sag and tension for this cable.
Cable Model
) Monlinear cable model [separate polynomials for initial and creep behavior for inner and outer materials)
Linear elagtic with permanent stretch due to creep proportional to creep weather cage tengion
O Linear elastic with permanent stretch due to creep specified as a user-nput temperature increase
Cross section area [mm™2) 73.65 Outside diameter [mm) 10.98 Unit weight — [dab/m) 0.571728 Ultimate tension  [dah)) 6340.14
Temperature shift uzed to model long term creep [deg C) Defaulk Tension  [dal)
Mumber of independent wires [1 unless messenger 1

supparting ather wires with a spacer)

— Conductor iz a J-Power Systems GAP twpe conductor strung with core
— gupporting all tengion,

Final modulus of elazticity [daM mm”™2/100) 189.563
Themal expanzion cosff. (/100 deg) 0.00115
189.563
189.563
Generate Coefficients for strands from paints on stress-strain or creep curves Graph Cable Properties Cable Data Repart

QK Cancel
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Modeling of 10.05mm GSW Earthwire

7
File: F:A0 M-Studyslitial Model\Cable Fileh220kWew-10. 08 350m. wir
D escription E arth ‘wire
b anufacturer Stock Mumber
Cable Type Unknawn ~ Size Label Digplay Color -
Physical ] Electrical l Motes l
_ Mumber Diameter
|__| Bimetallic Conductor Shandz [
The parameters below are ugzed to model zag and tension for this cable.
Cable Madel
) Monlinear cable model (separate polynomials for initial and creep behavior for inner and outer materials)
_) Linear elastic with permanent stretch due to creep propartional to creep weather caze tension
© Linear elastic with permanent stretch due to creep specified as a user-input tlemperature increase
Cross section area (mm™2) 61.7 Dutside diameter [mm) 10.05 Unit weight — (daM /m) 0.483 Ultimate tension  [dah)] 6374.8
Temperature shift used to model lang term creep [deq C) Default Tension  [daM]
Mumber of independent wires (1 unlezz meszenger 1

supparting ather wires with a spacer]

— Conductor iz aJ-Power Spstems GAP type conductor strung with cone
— supporting all tension.

Final moduluz of elasticity [dahl/mm™2/100) 190
Thermal expansion coeff, (4100 deg) 0.00115
1590
1590
Generate Coefficients for strands from points on stress-strain or creep curves (Graph Cable Properties Cable Data Report

0K Cancel
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See Ciiteria/Code Spesiic Wind and Tenain Parameters for mors information on height adiustments and gust respanse Factors

Modeling of Weather Cases for 132kV TL

Description Air Wind Wind Wire Wire Wire Wire Ambient Weather NESC Wire Wire
Density Velocity Pressure Ice Ice lce Temp. Temp. Load Constant Wind Gust
Factor Thickness Density Load Factor Height Response
(Q) (kg/m*3) Adjust Factor
(Pal(m/s)*2) (mls) (Pa) {em) (daN/dm~3) {daN/m) {deg C) (deg C) (daN/m) Model
1 |0° Nil Wind 0.613 1 None 1
2 |32° Nil Wind 0.8613 32.0 32.0 1 None 1
3 [53° Wil Wind 0.613 53.0 53.0 1 None 1
4 [80° Nil Wind 0.613 80.0 32.0 1 None 1
5 [32° Full Wind-350m 0.8613 49.7957 1520 32.0 32.0 1 None 1
6 |32° 75% Wind-350m 0.8613 43.1243 1140 32.0 32.0 1 None 1
T [32° 23.5% Wind-350m 0.613 24.1393 357.2 32.0 32.0 1 None 1
8 |32° Full Wind-SW-350m 0.8613 55.1323 1863.26 32.0 32.0 1 None 1
9 |32° 75% Wind-SW-350m 0.813 47.74861 1397.45 32.0 1 None 1
10 |32° 23.5% Wind-5W-350m 0.613 26.7264 32.0 1 None 1
11 [32° Full Wind-250m 0.613 48,7957 1520 32.0 32.0 1 None 1
12 [32° 75% Wind-250m 0.813 43.1243 1140 32.0 32.0 1 None 1
13 |32° 25% Wind-250m 0.613 380 32.0 32.0 1 None 1
14 |32° Full Wind-SW-250m 0.613 55.1323 1863.26 32.0 32.0 1 None 1
15 [32° 75% Wind-SW-250m 0.813 47.74861 1397.45 32.0 1 None 1
16 |32° 25% Wind-5W-250m 0.613 27.5657 465.8 32.0 32.0 1 None 1
17 |32° Full Wind-150m 0.613 48.7957 1520 32.0 1 None 1
18 [32° 75% Wind-150m 0.813 1140 32.0 1 None 1
9% Wind-150m 0.613 440.8 32.0 1 None 1
20 (32° Full Wind-5W-150m 0.613 55.1323 1863.26 32.0 32.0 1 None 1
21 [32° 75% Wind-SW-150m 0.813 47.7461 1397.45 32.0 1 None 1
22 [32° 29% Wind-SW-150m 0.613 29. 540.34 32.0 32.0 1 None 1
23 [32° Full Wind-200m 0.613 48 1520 32.0 32.0 1 None 1
24 [32° 75% Wind-200m 0.813 43.1243 1140 32.0 1 None 1
25 [32° 26.5% Wind-200m 0.613 25.6339 402.8 32.0 1 None 1
26 [32° Full Wind-5SW-200m 0.613 55.1323 1863.26 32.0 32.0 1 None 1
27 [32° 75% Wind-SW-200m 0.813 47.7461 1397.45 32.0 32.0 1 None 1
28 26.5% Wind-SW-200m 0.613 493.76 32.0 32.0 1 None 1
29 |EMF 80° 5% Wind-350m 0.613 152 80.0 32.0 1 None 1
30
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See Ciiteria/Code Specific Wind and Terrain Parameters for more information on height adiustments and gust response factors.

Modeling of Weather Cases for 220kV TL

Description Air Wind Wind Wire Wire Wire Wire Ambient Weather NESC Wire Wire
Density Velocity Pressure Ice Ice Ice Temp. Temp. Load Constant Wind Gust
Factor Thickness Density Load Factor Height Response
{Q) (kg/m*3) Adjust Factor
(Pal(m/s}2) {mls) (Pa) (cm) (daNidm~3) {daN/m) {deg C) (deg C) {daN/m) Model
1 |0° Wil Wind 0.613 1 None 1
2 |32° Nil Wind 0.613 32.0 3z2.0 1 None 1
3 |53° Wil Wind 0.613 53.0 53.0 1 None 1
4 [80° Wil Wind 0.613 80.0 32.0 1 None 1
5 |32° Full Wind-350m 0.613 51.3773 1618.09 32.0 3z.o 1 None 1
6 |32° 75% Wind-350m 0.613 44.5031 1214.06 32.0 32.0 1 None 1
7 [32° 20.5% Wind-350m 0.613 23.2618 331.7 32.0 32.0 1 None 1
8 Full Wind-SW-350m 0.613 56.7059 1971.14 32.0 32.0 1 None 1
9 75% Wind-5W-350m 0.613 49.11 32.0 3z.0 1 None 1
20.5% Wind-5W-350m 0.613 25.6746 404.08 32.0 3z.0 1 None 1
Full Wind-250m 0.613 51.3773 1618.09 32.0 32.0 1 None 1
12 [32° 75% Wind-250m 0.613 44.5031 1214.08 32.0 32.0 1 None 1
13 21% Wind-250m 0.613 23.5441 339.8 32.0 3z.0 1 None 1
14 [32° Full Wind-SW-250m 0.613 56.7059 1971.14 32.0 3z.o 1 None 1
15 [32° 75% Wind-SW-250m 0.613 49.1168 32.0 32.0 1 None 1
16 [32° 21% Wind-SW-250m 0.613 25.9859 413.94 32.0 32.0 1 None 1
Full Wind-150m 0.613 51.7342 1640.65 32.0 3z.o 1 None 1
75% Wind-150m 0.613 44.803 1230.48 32.0 3z.0 1 None 1
5% Wind-150m 0.613 24.5395 369.14 32.0 32.0 1 None 1
Full Wind-SW-150m 0.613 56.7059 1971.14 32.0 32.0 1 None 1
75% Wind-5W-150m 0.613 49.1168 32.0 3z.0 1 None 1
2.5% Wind-5W-150m 0.613 32.0 3z.0 1 None 1
23
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Weather Cases

Ses Criteria/Code Spesitic Wind and Terrain Parameters for more infarmation on height adjustments and gust respanse factors.

Modeling of Weather Cases for 400kV TL

Description Air Wind Wind Wire Wire Wire Wire Ambient Weather NESC Wire Wire
Density Velocity Pressure Ice Ice Ice Temp. Temp. Load Constant Wind Gust
Factor Thickness Density Load Factor Height Response
(Q) (kg/im*#3) Adjust Factor
(Pal(m/s)~2) (mJs) (Pa) {em) (daN/dm~3) {(daN/m) {deg C) {deg C) (daN/m) Model
1 |-5° Nil Wind 0.613 -5.0 -5.0 1 [None 1
2 |32° Nil Wind 0.613 32.0 32.0 1 [None 1
3 |53° Nil Wind 0.613 53.0 53.0 1 [None 1
4 |85° Nil Wind 0.613 85.0 32.0 1 [None 1
5 |32° Full Wind-400m 0.613 2013 32.0 32.0 1 [None 1
6 |32° 75% Wind-400m 0.613 1509.75 32.0 32.0 1 [Mone 1
7 |32° 15.2% Wind-400m 0.613 32.0 32.0 1 [None 1
8 Full Wind-SW-400m 0.613 32.0 32.0 1 [None 1
9 75% Wind-5W-400m 0.613 32.0 32.0 1 [None 1
10 15.2% Wind-SW-400m 0.613 32.0 32.0 1 |None 1
1 Full Wind-300m 0.613 58.1105 32.0 32.0 1 |None 1
12 |32° 75% Wind-300m 0.613 50.3252 1552.5 32.0 32.0 1 [Hone 1
13 [32° 19% Wind-300m 0.613 25.3298 383.3 32.0 32.0 1 [Hone 1
14 |32° Full Wind-SW-300m 0.613 €4.7495 2570 32.0 32.0 1 [None 1
15 |32° 75% Wind-SW-300m 0.613 56.0747 32.0 32.0 1 [None 1
16 [32° 19% Wind-5W-300m 0.613 28.2236 32.0 32.0 1 [Hone 1
17 Full Wind-200m 0.613 32.0 32.0 1 |None 1
18 75% Wind-200m 0.613 32.0 32.0 1 [None 1
19 158.2% Wind-200m 0.613 32.0 32.0 1 [Hone 1
20 Full Wind-S5W-200m 0.613 32.0 32.0 1 [None 1
21 75% Wind-SW-200m 0.613 32.0 32.0 1 [None 1
22 15.2% Wind-SW-200m 0.613 32.0 32.0 1 [None 1
23 16.5% Wind-400m 0.613 332.145 -0 32.0 1 [Hone 1
24
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Modeling of Sagging Criteria for 132kV TL

S ?

Weather Case Cable % of Maximum Maximum Applicable Cable
Condition Ultimate Tension Catenary (blank=all cables)
(daN) (m)
1 (32° Nil Wind Initial RS 2494.800 bear_acsr_350m.wir
2 Full Wind-350m Initial RS 5470.800 bear_acsr_350m.wir
3 [32° Wil Wind Initial RS 1300.000 CPGW-11.4mm 350m.wir
4 Full Wind-S5W-350m Initial RS .000 OPGW-11.4mm 350m.wir
5 |0° Nil Wind Initial RS 1349.000 CPGW-11.4mm 350m.wir
6 |32° Nil Wind Initial RS 2494.800 bear_acsr_250m.wir
T 2° Full Wind-250m Initial RS 4835.000 bear_acsr_250m.wir
8 |32° Nil Wind Initial RS 1400.000 OPGW-11.4mm 250m.wir
9 Full Wind-SW-250m Initial RS 7.000 CPGW-11.4mm 250m.wir
10 [0° Nil Wind Initial RS 1473.000 OPGW-11.4mm 250m.wir
11 |32° Wil Wind Initial RS 2494.800 bear_acsr_200m.wir
12 2° Full Wind-200m Initial RS 4439.000 bear_acsr_200m.wir
13 |32° Wil Wind Initial RS 1461.000 CPGW-11.4mm 200m.wir
14 (32° Full Wind-S5W-200m Initial RS 2609.000 OPGW-11.4mm 200m.wir
15 |0° Wil Wind Initial RS 1546€.000 CPGW-11.4mm 200m.wir
16 [32° Nil Wind Initial RS 800 bear acsr_150m.wir
17 [32° Full Wind-150m Tnitial RS . 000 bear_acsr_150m.wir
18 [32° Nil Wind Initial RS 1524.000 OPGW-11.4mm 150m.wir
19 2° Full Wind-SW-250m Initial RS 2353.000 CPGW-11.4mm 150m.wir
20 |0° Nil Wind Initial RS 1619.000 OPGW-11.4mm 150m.wir
21 2° Full Wind-350m Initial RS 5470.800 bear_acsr_500m.wir
22 3 Full Wind-S5W-350m Initial RS 20.000 OPGW-11.4mm 500m.wir
23 |32° Wil Wind Initial RS 500.000 bear_acsr_slack.wir
24 [32° Nil Wind Initial RS 300.000 OPGW-11.4mm slack.wir
25

149




Modeling of Sagging Criteria for 220kV TL

e
Weather Case Cable % of Maximum Maximum Applicable Cable
Condition Ultimate Tension Catenary (blank=all cables)
(daN) (m)
1 [32° Nil Wind Initial RS 2712.000 bison_acsr_350m.wir
2 Full Wind-350m Initial RS 6460.000 bison_acsr_350m.wir
3 2° Nil Wind Initial RS .000 ew-10.05mm_350m.wir
4 Full Wind-5W-350m Initial RS .000 ew-10.05mm_350m.wir
5 |0° Nil Wind Initial RS .000 ew-10.05mm_350m.wir
6 [32° Nil Wind Initial RS .000 OPGW-11.4mm 350m.wir
7 [32° Full Wind-5W-350m Initial RS 000 OPGW-11.4mm_350m.wir
8 [0° Nil Wind Initial RS .000 OPGW-11.4mm_350m.wir
9 [32° Nil Wind Initial RS 000 bison_acsr_250m.wir
Full Wind-250m Initial RS 5737.000 bison_acsr_250m.wir
11 |32° Nil Wind Initial RS 1103.000 ew-10.05mm_250m.wir
Full Wind-5W-250m Initial RS 2547.000 ew-10.05mm_250m.wir
13 [0° Nil Wind Initial RS 1344.000 ew-10.05mm_250m.wir
14 [32° Nil Wind Initial RS OPGW-11.4mm_250m.wir
Full Wind-5W-250m Initial RS OPGW-11.4mm 250m.wir
16 [0° Nil Wind Initial RS 1355.000 OPGW-11.4mm 250m.wir
17 |32° Nil Wind Initial RS 2712.000 bison_acsr_150m.wir
Full Wind-150m Initial R3 4746.000 kison_acsr_l50m.wir
19 [32° Nil Wind Initial RS .000 ew-10.05mm_150m.wir
Full Wind-5W-150m Initial RS 000 ew-10.05mm_150m.wir
21 |0° Nil Wind Initial RS 1540.000 ew-10.05mm_150m.wir
22 |32° Wil Wind Initial RS 1459.000 OPGW-11.4mm 150m.wir
Full Wind-S5W-150m Initial RS 2370.000 OPGW-11.4mm_150m.wir
24 |0° Wil Wind Initial RS 1553.000 OPGW-11.4mm 150m.wir
25 |32° Nil Wind Initial RS 300.000 ew-10.05mm_slack.wir
26 [32° Wil Wind Initial RS 300.000 OPGW-11.4mm slack.wir
27 [|32° Nil Wind Initial RS 300.000 bison_acsr_slack.wir
Full Wind-350m Initial RS 6460.000 bison_acsr_500m.wir
Full Wind-5W-350m Initial RS .000 ew-10.05mm_500m.wir
Full Wind-5W-350m Initial RS 3099.000 OPGW-11.4mm 500m.wir
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Modeling of Sagging Criteria for 400kV TL

Sl 7
Weather Case Cable % of Maximum Maximum Applicable Cable
Condition Ultimate Tension Catenary (blank=all cables)
(daN) (m)
1 Nil Wind Initial RS 3616.000 moose_acsr_400m.wir
2 Full Wind-400m Initial RS 9363.000 moose_acsr 400m.wir
3 Nil Wind Initial RS 1221.000 ew-10. m_400m.wir
4 Full Wind-SW-400m Initial RS 3923.000 ew-10.98mm 400m.wir
5 Nil Wind Initial RS 1373.000 ew-10. m_400m.wir
6 Nil Wind Initial RS 1116.000 OFGW-11.4mm 400m.wir
T Full Wind-5W-400m Initial RS 3868.000 CPGW-11,4mm_400m.wir
8 Nil Wind Initial RS 1152.000 OPGW-11.4mm_400m.wir
Nil Wind Initial RS 361€.000 moose_acsr 300m.wir
Full Wind-300m Initial RS 8674.000 moose_acsr_300m.wir
Nil Wind Initial RS 1257.000 ew-10.98mm 300m.wir
Full Wind-5W-300m Initial RS 3577.000 ew-10. m_300m.wir
Nil Wind Initial RS 1511.000 ew-10.96mm 300m.wir
Nil Wind Initial RS 1207.000 CPGW-11.4mm 300m.wir
Full Wind-SW-300m Initial RS 3518.000 OPGW-11.4mm_300m.wir
Nil Wind Initial RS 1267.000 OPGW-11.4mm 300m.wir
Nil Wind Initial RS 3616.000 moose_acsr_200m.wir
Full Wind-200m Initial RS 7522.000 moose_acsr 200m.wir
Nil Wind Initial RS 1336.000 ew-10 L 200m.wir
Full Wind-SW-200m Initial RS 3077.000 -Wir
Nil Wind Initial RS 1753.000 2wir
Nil Wind Initial RS 1375.000 -Wir
Full Wind-SW-200m Initial RS 3032.000 OPGW-11.4mm 200m.wir
Nil Wind Initial RS 1470.000 OPGW-11.4mm 200m.wir
Nil Wind Initial RS 1000.000 moose_acsr slack.wir
Wil Wind Initial RS .000 ew-10. m_slack.wir
Nil Wind Initial RS .000 OPGW-11.4mm slack.wir
Full Wind-400m Initial RS .000 moose_acsr S00m.wir
Full Wind-SW-400m Initial RS .000 ew-10.96mm_500m.wir
Full Wind-SW-400m Initial RS 8.000 OPGW-11.4mm 500m.wir
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Modeling of I-String Suspension Tower for 132kV TL

Structure file name 50 M-Studyhritial Modsl 4350m_132KY-DA] STRING stk
Description DA SUSPENSION TOWER - | STRING

Height [ground to top of stucture] (m) 29.59
Embedded length (for report purposes only] [m) s
Lowest wire attachment point height above ground m) 1725
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. |Suspensi 2.Part 2.Part
# # End Description Type Weight Wind Length Trans. Dist. Longit. Vertical |-ambda, Double Sus Swing Angle:| Sheds [ or Roll Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset |Below Top| Offset 2-Part Only Right
Top (uplift) min,max for 4 conditions Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
N} (em*”2) (m) m) (m) m) N) (deg) (deg) (N) (em*2) (m) (m) (m) (m) Tension
Only
1 1 1Ho OPGW Suspension 100.00 10.00 0.25 No Uplife|-30,30 -30,30 -30,30 -30,30 Yes NA ors NA HA NA WA NA Mo NA ors
2 5 1Ho 132KV-CKI-A |Suspension | 2000.00| 3500.00 1.75 3.06 3.54 No Uplifc|-30,30 -30,30 -30,30 -30,30 Yes NA NA NA HA NA WA NA RES NA NA
3 5 2 HA Na Suspension | 2000.00| 3500.00 1.75 3.15 7.0% No Uplifc|-30,30 -30,30 -30,30 -30,30 Yes Na WA NA HA NA WA NA RES NA WA
4 5 3| NA Na Suspension | 2000.00| 3500.00 1.75 3.30 10.59 No Uplift|-30,30 -30,30 -30,30 -30,30 Yes NA Na oy HA Na Na Na RE Na Na
5 3 1|No 132KV-CKT-B |Suspension | 2000.00| 3500.00 1.75 -3.06 3.54 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NA NA NA NA NR NA NR Mo NR NA
6 € 2| ma NA Suspension | 2000.00| 3500.00 1.75 -3.15 7.05 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NA NA NA NA NA NA NA Mo NA NA
7 € 3| ma NA Suspension | 2000.00( 3500.00 1.75 -3.30 10.59 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NA NA NA NA NA NA NA Mo NA NA
8 NA hury WA HA 218 NA ory -8 ory Na hir: hir: NA ors NA HA NA WA NA NA NA ors

Modeling of V-String Suspension Tower for 220kV TL

Structure Data Editor

Structure file name P50 M-Studylritial Mode. 4350m_132KY-DAM STRING stk
Description P& SUSPENSION TOWER -V STRING

Height [ground to tap of structure) [m] 29.59
Embedded length [for report purposss orly) Im)
Lowsst wie altachment point height above grourd (] 17.60
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. |Suspension| 2-Part 2 Part
# # End Description Type Weight Wind Length Trans. Dist. Longit. Vertical |_ambda, Double Sus Swing Angle:| Sheds | or Roll Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset |Below Top| Offset 2Part Only Right
Top (uplift) min,max for 4 conditions Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
(N) (em*2) m) (m) (m) (m) (N) (deq) (deg) N {em*2) (m) (m) (m) (m) Tension
Only
1 1 1[No OPGW Suspension 100.00 10.00 No Uplift|-50,9%0 -50,80 -80,50 -50,90 [Yes Na Na Na Na Na Na NA Mo NA HA
2 s 1o 132KV-CKT-Z  |2-Part 2000.00| 2500.00 1.75 3.56 3.54 No Uplift|-90,90 -90,90 -$0,80 -90,90 [fes NA 2000.00| 2500.00 1.75 1.07 3.54 Mo Mo ves
3 5 z| ®A WA 2-Part 2000.00| 2500.00 1.75 3.65 7.05 Wo Uplift(-80,90 -50,%0 -%0,90 -%0,80 |Yes NA 2000.00( 2500.00 1.7% 1l.1¢ 7.08 RE RE Yes
4 5 3| ma NA 2-Part 2000.00| 2500.00 1.75 3.80 10.59 No Uplift|-50,90 -90,90 50,80 -90,90 [Yes NR 2000.00| 2500.00 1.75 1.25 10.59 Mo Mo ves
5 € 1|Ha 132KV-CKT-B  |2-Part 2000.00| 2500.00 1.75 -3.56 3.54 No Uplift|-90,90 -90,90 -90,90 -90,90 [Yes NA 2000.00| 2500.00 1.75 -1.07 3.54 Mo Mo ves
6 € z| HA WA 2-Part 2000.00| 2500.00 1.75 -3.65 7.05 Wo Uplift(-50,90 -50,90 -%0,90 -%0,90 |Yes NA 2000.00( 2500.00 1.75 -1.1¢ 7.08 Mo Mo Yes
7 € 3| ma NA 2-Part 2000.00| 2500.00 1.75 -3.80 10.59 No Uplift|-90,90 -90,90 -$0,80 -90,90 [Yes NA 2000.00| 2500.00 1.75 -1.25 10.59 Mo Mo Ves
8 HA WA ory hir: nA ory hir: hir: Na HA HA HA NA -8 WA NA -8 -8 NA NA NA HA




Modeling of I-String Suspension Tower for 220kV TL

Structure file name  F:AD M-Studyblnital Model...\350m_220KY-DA] STRING. stk
Description DA SUSPENSION TOWER -1 STRING

Height (ground to top of structure) [m) 37.18
Embedded length (for report purposes only] m
Lowest wie shiachment paint height sbove ground () 1790
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. i 2Part 2-Part
# # End Description Type Weight Wind Length Trans. Dist. Longit. Vertical _ambda, Double Sus Swing Angles| Sheds | or Roll Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset |Below Top| Offset 2-Part Only Right
Top (uplift) min,max for 4 conditions Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
(N) (em~2) (m) {m) m) (m) (N) (deg) (deg) N) (em*2) {m) (m) (m) (m) Tension
Only
1 1 1Ho Suspension 100.00 10.00 No Uplife|-30,30 -30,30 -30,30 -30,30|Yes pory NA NR pory NA NA Na Ho hir- pory
2 2 1|No Suspension | 100.00| 10.00 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes NA NA NA NA NA NA NA 1o HA NA
3 5 1|No Suspension | 2000.00| 3500.00 4.80 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes HA NA NA HA NA NA NA Mo NA HA
4 5 2 NHA HA Suspension | 2000.00| 3500.00 10.65 No Uplifc|-30,30 -30,30 -30,30 -30,30 |Yes pory NA NR pory NA NA Na Ho hir- pory
5 5 3| ma NR Suspension | 2000.00| 3500.00 5.60 16.55 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes NA NA NA NA NA NA NA 1o HA NA
6 € 1|No Suspension | 2000.00| 3500.00 -5.30 4.80 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes HA NA NA HA NA NA NA Mo NA HA
7 3 2| WA HA Suspension | 2000.00| 3500.00 2.75 -5.45 10.65 No Uplift|-30,30 -30,30 -30,30 -30,30 Yes HA NA NA HA NA NA NA Mo NA HA
3 3 3| ma NR Suspension | 2000.00| 3500.00 2.75 -5.60 16.55 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes NA NA NA NA NA NA NA 1o HA NA
9 NA HA HA A HA NA NR NA NA NA NA NA NR NA NA NR NA NA NA HA HA NR

Modeling of V-String Suspension Tower for 220kV TL

? | =
Stucture file name  F:AD M-StudysInitial Mode. .\ 350m_220KY DAV STRING stk
Description DA SUSPENSION TOWER -V STRING
Height (ground to top of structure) [m) 37.18
Embedded length (for report purposes onl] m
Lowest wire attachment pairt height above ground [m) 1964
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. pensi 2-Part 2-Part
# # End Description Type Weight Wind Length Trans. Dist. Longit. Vertical |_ambda, Double Sus Swing Angle:| Sheds | or Roll | Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset |Below Top| Offset 2-Part Only Right
Top (uplift) min,max for 4 conditions Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
N) (em*2) {m) (m) {m) (m) N {deg) (deg) N (em*2) (m) {m) (m) (m) Tension
Only
1 1 1No OPGW Suspension | 100.00| 10.00 0.25 No Uplift|-90,80 -90,80 -90,90 -S0,90 |Yes NA NR NA NR NA NR NR No NR NA
2 2 1|No OHGW Suspension 100.00 10.00 No Uplift|-80,90 -50,%0 -90,90 -90,90 |Yes -y NA HAa HAa Na HAa Ha Mo HAa Na
3 5 1|Ne OKV-CKT-A |2-Part 2000.00| 2500.00 4. No Uplift|-80,90 -80,%0 -90,80 -90,90 |Yes sy 2000.00]| 2500.00 2.75 1.40 4.80 RE R Yes
4 5 NR HA 2000.00| 2500.00 10.65 No Uplift|-90,80 -80,80 -90,80 -50,90 |Yes NA 2000.00[ 2500.00 2.75 1.55 10.65 o o ves
5 5 3| ma HA 2-Part 2000.00| 2500.00 16.55 No Uplift|-90,90 -90,80 -90,90 -90,90 |Yes NA 2000.00[ 2500.00 2.75 16.55 No No Ves
6 € 1|No OKV-CKT-B  |2-Part 2000.00| 2500.00 -5.30 4 No Uplift|-%0,90 -80,80 -30,580 -90,90 Yes NR 2000.00| 2500.00 2.75 -1.40 Mo o Yes
7 3 2| HA NA 2-Part 2000.00| 2500.00 -5.45 10.65 No Uplift|-80,90 -50,%0 -90,90 -90,90 |Yes -y 2000.00]| 2500.00 2.75 -1.55 10.65 R KT Yes
8 & 3| ma NA 2-Parc 2000.00| 2500.00 -6.10 16.55 No Uplift|-90,90 -90,90 -90,90 -90,90 |Yes NA 2000.00[ 2500.00 2.75 16.55 o o ves
9 NR HA NA A A NA NA NA NR NA HA HA WA NE NA NA NA NA HR NA NA NA
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Modeling of I-String Suspension Tower for 400kV TL

Structure file name  F:\0 M-StudyIritial Model.. \400m_400Ky-DA] STRING stk
Desciiption DA SUSPENSION TOWER -1 STRING

Height ground to top of structure) [m) 51.76
Ernbedded length [far report purposss arly) m
Lowest wire attachment point height above ground [m) 23.15
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. pensi 2 Part 2Part
# # End Description Type Weight | Wind Length Trans. Dist. Longit. Vertical |_ambda, Double Sus Swing Angle:| Sheds | or Roll | Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset (Below Top| Offset 2Part Only Right
Top (uplift) min,max for 4 con Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
N) (em*2) {m) (m) {m) (m) N (deg) (deg) N (em*2) (m) (m) (m) (m) Tension
Only
1 1 1[N0 oPGW Suspension | 100.00 9 o 4.14 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NR NA NA NA NA NA HA Mo NA NA
2 2 180 OHGW Suspension | 100.00 ] 0.25 —4.14 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes N2 NA NA NA NA NA HR Mo NA NA
3 5 1[Ho 400KV-CKT-A |Suspension | 4300.01 &0 5.20 7.04 3.9 No Uplift|-30,30 -30,30 -30,30 -30,30 |Yes Ha Na WA Na NA Na HAa Mo Na NA
4 5 2| WA NA Suspension | 4300.01 &0 5.20 13.61 No Uplift(-30,30 -30,30 -30,30 -30,30 |Yes NA NA NA NA NA pory NAa RE pory NA
5 5 3| ma HR Suspension | 4300.01 60 5.20 23.41 Mo Uplift|-30,30 -30,30 -30,30 -30,30 [Yes HR NA NA NA NA NA NA Mo NA NA
6 3 160 400KV-CKT-B  [Suspension | 4300.01 60 5.20 -7.0% 3.96 Mo Uplift|-30,30 -30,30 -30,30 -30,30 [Yes HR NA NA NA NA NA NA Mo NA NA
7 € 2| ma NR Suspension | 4300.01 60 5.20 -7.83 13.61 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NR NA NA NA NA NA HA Mo NA NA
8 3 3| ma NR Suspension | 4300.01 .60 5 23.41 No Uplift|-30,30 -30,30 -30,30 -30,30 [Yes NR NA NA NA NA NA NA Mo NA NA
9 WA HA HA NA sy NR NA NR WA sy NAa NAa HA WA WA NA NR NA NAa NR NA NA

Modeling of V-String Suspension Tower for 400kV TL

Stucture fle name  F40 M-StudyhInitial Mode. 4\400m_400kW-DAY STRING stk
Description DA SUSPENSION TOWER -% STRING

Height (ground to top of structure) [m) 43.00
Embedded length [for report purposes only) m
Lowest wire attachment paint height above ground (m) 2335
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach. Min. Req. Allowable Suspension, Draw | Side Sep. | Insul. Insul. Insul. Attach. Attach. Attach. i 2-Part 2 Part
# # End Description Type Weight Wind Length Trans. Dist. Longit. Vertical |_ambda, Double Sus Swing Angle:| Sheds | or Roll Weight Wind Length Trans. Dist. Longit. or Tension | Bottom
Set Area Offset Below Offset Load and 2-Part Load Angles Angle Side 2 Area Offset |Below Top| Offset 2-Part Only Right
Top (uplift) min,max for 4 conditions Side 2 Side 2 Side 2 Side 2 Side 2 Side 1 Side 2
N) {em*2) (m) (m) m) (m) (N) (deg) (deg) (N) {em~2) | (m) (m) {m) (m) Tension
Only
1 3 1[Ne OPGW Suspension 100.00 10.00 0.25 5.00 Mo Uplifc|-90,%0 -90,50 -90,30 -90,30 |Yes Na pory pory pory ir-e hir- HA Mo pory hir-
2 4 1m0 CHGW Suspension | 100.00| 10.00 0.25 -5.00 No Uplift|-90,90 -90,90 -90,90 -90,90 [fes NA HA HA HA NA NA HA Mo HA NA
3 7 1|No 400KV-CET-A  [2-Part 4300.00| 5000.00 5.20 5.23 §.00 Mo Uplifct|-90,950 -90,80 —40,50 —90,50 [Yes A 4300.00| 5000.00 1.80 8.00 Mo No Yes
4 7 2| NA NA 2-Part 4300.00| 5000.00 5.20 9.83 15.00 Mo Uplift|-90,90 -90,80 -90,50 -90, 90 [Yes NA 4300.00| 5000.00 2.50 15.00 Mo No Yes
5 7 3| ma NA 2-Parc 4300.00| 5000.00 5.20 11.00 .00 Mo Uplifct|-90,950 -90,80 —40,50 —90,50 [Yes NA 4300.00( 5000.00 3.60 22.00 o o Yes
6 g 1fwo 400KV-CKI-B  [2-Part 4300.00| 5000.00 5.20 £.00 No Uplift|-90,90 -90,90 -90,90 -90,90 [Yes NA 4300.00( 5000.00 -1.90 g.00 Mo o ves
7 8 2| A NA 2-Parc 4300.00| 5000.00 5.20 15.00 Mo Uplifct|-90,950 -90,80 —40,50 —90,50 [Yes A 4300.00| 5000.00 -2.50 15.00 Mo No Yes
8 g 3| N2 NAE 2-Part 4300.00| 5000.00 5.20/ -1l.00 .00 No Uplift|-90,90 -90,90 -90,90 -90,90 [Yes NA 4300.00( 5000.00 -3.60 .00 Mo o ves
9 NA NR NR NA NA NR HA A NA NA NA NA NA A NR NR HA HA NA NA NR HA
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Figure-1: I-String in PLS-CADD Model Figure-2: V-String in PLS-CADD Model
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Figure-4: Profile View in PLS-CADD Model
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Figure-5: 3D View in PLS-CADD Model
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Figure-6: Electric Field and Magnetic Field Contours below TL in PLS-CADD Model
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APPENDIX- F: CONDUCTOR BLOWOUT REPORTS
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Report Index — 400kV TL Conductor Blowout Reports

SN Voltage Level Conductor Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
o (kV) (m) Attachment (Degrees) (Pa) (m)
1 I-String 30° 386.5 Pa 17.5m

400m
2 V-String N/A 386.5 Pa 13.4m
3 I-String 30° 393.3 Pa 15.0m
300m
4 V-String N/A 393.3 Pa 10.8m
5 400kV ACSR I-String 30° 405.1 Pa 13.4m
Moose
200m
6 V-String N/A 405.1 Pa 8.93m
7 I-String 30° 386.5 Pa 21.8m
8 500m Strain Max. Tower Tension 386.5 Pa 21.0m
9 Strain Max. Wire Tension 386.5 Pa 19.0m
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
1 400kV 400m ACSR I-String 30° 386.5 Pa 17.5m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max- 1 Leftmost 1 Rightmost--—-—-—-—- | Notes
Stronect Strmet Strmct Strumet Strumct Struet Span —age Case Condition From | —-—-Blowont————— 1 Blowont 1 Blowont 1
Number Set Fhase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-3 1 1 TP-4 1 1 OPGW-11.4mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Left 1000.00 12.18 4.30 1000.00 12.18
TFP-3 1 1 TP-4 1 1 CPGW-11.4mm 400m.wir 0 32° 1%.2% Wind-400m Creep RS Right 1200.00 3.58 -3.%0 1200.00 3.98
TP-3 2 1 TP-4 2 1 ew-10.98mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Left 1200.00 -4.00 -4.00 1000.00 2.02
TP-3 2 1 TP-4 2 1 ew-10.98mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Right 1000.00 -10.30 -10.30 800.00 -4.29
IP-3 5 1 TP-4 5 1 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 1000.15 15.71 95.64 1000.15 15.71
TP-3 5 2 TP-4 5 2 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Creep RS Left 1000.30 16.31 10.23 1000.30 16.31
TP-3 5 3 TP-4 5 3 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Cresp RS Left 1000.81 17.50 11.40 1000.81 17.50
IP-3 5 1 TP-4 5 1 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 1200.00 4.4%9 -1.5% 1200.00 4.49
TP-3 5 2 TP-4 5 2 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Creep RS Right 1200.00 5.08 -1.00 1200.00 5.08
TP-3 5 3 TP-4 5 3 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 1200.01 6.2 0.17 1200.01 €.27
TP-3 ] 1 TP-4 6 1 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Cresp RS Left 1200.00 -4.49 -4.4%9 999,54 1.59
TP-3 & 2 TP-4 & 2 moose_acsr_ 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 1200.00 -5.08 -5.08 899,55 1.00
TP-3 & 3 TP-4 a 3 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 1200.01 -6.27 -6.27 899,39 -0.18
TP-3 & 1 TP-4 3 1 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Cresp R3S Right 1000.15 -15.70 -15.70 800.00 -9.64
TP-3 & 2 TP-4 & 2 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creesp RS Right 1000.30 -1&€.30 -1&.30 800.00 -10.23
TFP-3 & 3 TP-4 8 3 moose_acsr_400m.wir 400 3 ® 19.2% Wind-400m Creep RS Right 1000.61 -17.4% -17.4% 800.00 -11.40
For OkV wires between structures TP-3, maximum offset is 12.18 (m), the leftmost offset is -10.30 (m), rightmost offset is 12.18 (m)
For 400kV wires between structures TP-3, maximum offset is 17.50 (m), the leftmost offset is -17.49 (m), rightmost offset is 17.50 (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
2 400KV 400m ACSR V-String N/A 386.5 Pa 13.4m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind 1 Leftmost———-—— | —————- Rightmost---—--- | Hotes
Strmet Strumet Strumet Stromet Strumet Strumet Span -age Case Condition From 1 Blowont: ] Blowont: 1
Number Set Phase Number Set FPhase Cable Description Station Offset | Station Offset | Station Offset
File 1 | 1
Name (kV) (m) | (m) | (m) |
TP-3-V 3 1 TP-4-V 3 1 OPGW-11.4mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Left 3100.00 13.04 2900.00 5.17 3100.00 13.04
TP-3-V 3 1 TP-4-V 3 1 CPGW-11.4mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Right 2900.00 4.83 3100.00 -3.04 2%900.00 4.8
TP-3-V 4 1 TP-4-V 4 1 ew-10.98mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Left 2900.00 -4.85 28900.00 -4.8 3100.00 1.1&
TP-3-V 4 1 TP-4-V 4 1 ew-10.95mm 400m.wir 0 32° 19.2% Wind-400m Creep RS Right 3100.00 -11.16 3100.00 -11.16 2900.00 -5.15
TP-3-V 7 1 TP-4-V 7 1 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 3100.00 11.&2 3300.00 5.57 3100.00 11.62
TP-3-V T 2 TP-4-V T 2 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Creep RS Left 3100.00 12.22 3300.00 6.17 3100.00 12.22
TP-3-V 7 3 TP-4-V 7 3 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 3100.00 13.36 3300.00 7.30 3100.00 13.36
TP-3-V 7 1 TP-4-V 7 1 moose_acsr_400m.wir 400 32° 19.2% Wind-400m Creep RS Right 3300.00 5.57 3100.00 -0.4%9 3300.00 5.57
TP-3-V 7 2 TP-4-V 7 2 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 3300.00 6.17 3100.00 0.11 3300.00 6.17
TP-3-V 7 3 TP-4-V 7 3 moose_acsr_ 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 2900.00 7.30 3100.00 1.24 25900.00 T7.30
TP-3-V 1 TP-4-V 1 moose_acsr_ 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 3300.00 -5.57 3300.00 -5.57 3100.00 0.4%9
TP-3-V 2 TP-4-V 2 moose_acsr_ 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 3300.00 -&.17 3300.00 -6.17 3100.00 -0.11
TP-3-V 3 TP-4-V 3 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Left 2900.00 -7.30 2900.00 =-7.30 3100.00 -1.25
TP-3-V 1 TP-4-V 1 moose_acsr 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 3100.00 -11.82 3100.00 2 3300.00 -5.57
TP-3-V 2 TP-4-V 2 moose_acsr_ 400m.wir 400 32° 19.2% Wind-400m Creep RS Right 3100.00 -12.22 3100.00 -12.22 3300.00 -6.17
TP-3-V 3 TP-4-V 3 moose_acsr 400m.wir 400 3 ® 19.2% Wind-400m Creep RS Right 3100.00 -13.35 3100.00 -13.35 3300.00 -7.30
For 0kV wires between structures TP-3-V, maximum offset is 13.04 (m), the leftmost offset is -11.16 (m), rightmost offset is 13.04 (m)
For 400kV wires between structures TP-3-V, maximum offset is 13.36 (m), the leftmost offset is -13.35 (m), rightmost offset is 13.36 (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
3 400KV 300m ACSR I-String 30° 393.3 Pa 15.0m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost-—----—- | ———- Rightmost-----—- | Hotes
Struct Struct Struct Struct Struct Struct Span -age Case Condition From | —-——- Blowont----—- 1 Blowont 1 Blowont |
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File I I I |
Name (kV) I (m) I (m) I (m) [
TP-8 1 1 TP-% 1 1 OPGW-11.4mm 300m.wir 0 32° 19% Wind-300m Creep RS Left 4950.00 8.10 5100.00 4,31 4950.00 9.
TP-8 1 1 TP-% 1 1 OPGW-11.4mm 300m.wir 0 32° 19% Wind-300m Creep RS Right 5100.00 3.98 4950.00 -0.82 5100.00 3.98
TP-8 2 1 TP-9 2 1 ew-10.58mm 300m.wir 0 32° 19% Wind-300m Creep RS Left 5100.00 -4.00 5100.00 -4.00 4950.00 -0.61
TP-8 2 1 TP-9 2 1 ew-10.58mm 300m.wir 0 32° 19% Wind-300m Creep RS Right 4950.00 -T7.87 4950.00 -7.87 4800.00 -4.29
TP-8 1) 1 TP-9 E 1 moose acsr 300m.wir 400 32° 19% Wind-300m Creep RS Left 4952.13 13.22 4800.00 9.64 4952,13 13.22
TP-8& 5 2 TE-9 5 2 moose_acsr_300m.wir 400 32° 1%% Wind-300m Creep RS Left 4952.8% 13.85 4800.00 10.23 4952.89 13.85
TP-& 5 3 TE-2 = 3 moose_acsr_300m.wir 400 32° 1%% Wind-300m Creep RS Left 4953.35 15.05 4800.00 11.40 4953,35 15.05
TP-& 5 1 TF-2 = 1 moose_acsr 300m.wir 400 32° 19%% Wind-300m Creep RS Right 5100.01 4,66 4947.57 1.06 5100.01 4.66
TP-8 5 2 TP-% 5 2 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS Right 5100.01 5.10 45949.24 .58 5100.01 5.10
TP-8 5 3 TP-% 5 3 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS Right 4800.00 6.20 4851.52 2.64 4800.00 6.20
TP-8 3 1 TP-% & 1 moose acsr 300m.wir 400 32° 19% Wind-300m Creep RS Left 5100.01 -4.66 5100.01 -4.66 4947 ,57 -1.06
TP-8 3 2 TP-% & 2 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS Left 5100.01 -5.10 5100.01 -5.10 4949,24 -1.58
TP-8 3 3 TP-% & 3 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS Left 4800.00 -6.20 4800.00 -6.20 4851.52 -2.64
TP-8 & 1 TP-9 6 1 moose_acsr_ 300m.wir 400 32° 19% Wind-300m Creep RS Right 4952.13 -13.22 4952.13 -13.22 4800.00 -9.64
TP-8 & 2 TP-9 & 2 moose_acsr_ 300m.wir 400 32° 19% Wind-300m Creep RS Right 4952.89 -13.85 4952_89 -13.85 4800.00 -10.23
TP-8 & 3 TP-9 6 3 moose_acsr 300m.wir 400 32° 19% Wind-300m Creep RS Right 4953.35 -15.05 4953.35 -15.05 4800,00 -11.40
For 0KV wires between structures TP-3, maximum offset is 9.10 (m), the leftmost offset is -7.67 (m), rightmost offset is 9.10 (m)

For 400kV wires between structures TP-8,

maximum offset is 15.05

(m) ,
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the leftmost offset is -15.05

(m) ,

rightmost offset is 15.05

(m)



Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
4 400KV 300m ACSR V-String N/A 393.3 Pa 10.8m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost—-———- | ————=-= Rightmost-—--—-- | Hotes
Strmct Strmect Strumect Struet Strumet Struct Span -age Case Condition From | ————-Blowont-————— 1 Blowout ] Blowont 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
3 1 3 1 OPGW-11.4mm 300m.wir 0 32° 19% Wind-300m Creep RS €650.00 6500.00 .17 €650.00
3 1 3 1 OPGW-1l.4mm 300m.wir 0 32° 19% Wind-300m Creep RS €500.00 6650.00 0.04 €500.00
4 1 4 1 ew-10.98mm 300m.wir 0 32° 19% Wind-300m Creep RS €500.00 6500.00 -4.8 €650.00
4 1 4 1 ew-10.98mm 300m.wir 0 32° 19% Wind-300m Creep RS €650.00 6650.00 -8. €500.00
T 1 T 1 moose_acsr_ 300m.wir 400 32° 19% Wind-300m Creep ES 6650.00 9 6800.00 5. 6650.00
7 2 i 2 moose_acsr_ 300m.wir 400 32° 19% Wind-300m Creep RS 6650.00 a 6800.00 E. 6650.00
T 3 T 3 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS 6650.00 10 6800.00 T. 6650.00
T 1 T 1 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS 6800.00 5 6650.00 2. &6800.00
7 2 7 2 moose_acsr_300m.wir 400 32° 19% Wind-300m Creesp RS 6800.00 & 6650.00 2. 6300.00
7 3 3 moose_acsr_300m.wir 400 32° 19% Wind-300m Creesp RS 6800.00 T. 6650.00 3. 6800.00
1 1 moose acsr_300m.wir 400 32° 159% Wind-300m Creep RS €800.00 -5. 6800.00 -5. 6650.00
2 2 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS €800.00 -6. 6800.00 -6. 6650.00
3 3 moose acsr 300m.wir 400 32° 19% Wind-300m Creep RS €800.00 -7 6800.00 =-7. 6650.00
1 1 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS €650.00 - 6650.00 -8. 6€800.00
2 2 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep RS €650.00 -9. 6650.00 -8. 6€800.00
3 3 moose_acsr_300m.wir 400 32° 19% Wind-300m Creep ES 6650.00 -10.7 6650.00 =10 6800.00

For 0kV wires between structures TP-8-V,

For 400kV wires between structures TP-§-V,

maximum offset is 9.96
maximum offset is 10.

(m} ,
79 (m),

the leftmost offset is -85.54
the leftmost offset is -10.79

(m},
(m),
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rightmost offset is 9.96
rightmost offset is 10.79

(m)

(m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
5 400kV 200m ACSR I-String 30° 405.1 Pa 13.4m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost-—--— 1 | Notes
Struct Strumct Strumect Strumet Strumet Struct Span -age Case Condition From | —-——-- Blowont---—-- 1 Blowont 1 Blowout--- ]
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-13 1 1 TP-14 1 1 CPGW-11.4mm 200m.wir 0 32° 1%.2% Wind-200m Creep RS Left §100.00 6.74 8200.00 4.31 6.74
TP-13 1 1 Tp-14 1 1 OPGW-11.4mm 200m.wir 0 32° 19.2% Wind-200m Creep RS Right §200.00 3.88 8099.85 1.54 3.98
TP-13 2 1 TP-14 2 1 ew-10. m 200m.wir 0 32° 1%.2% Wind-200m Creep RS Left §200.00 -4.00 8200.00 -4.00 -2.48
TP-13 2 1 Tp-14 2 1 ew-10.98mm 200m.wir 0 32° 19.2% Wind-200m Creep RS Right §100.00 -5.8 8100.00 -5.80 -4.29
TP-13 5 1 TP-14 5 1 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Left 8106.03 11.4¢ 8000.00 S.63 11.48&
TP-13 5 2 TP-14 5 2 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Left 8103.67 12.14 8000.00 10.z22 12.14
TP-13 5 3 TP-14 5 3 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Left §110.81 13.38 8000.00 11.3% 13.38
TP-13 5 1 TP-14 5 1 moose_acsr_200m.wir 400 32° 1%.2% Wind-200m Creep RS Right §200.02 4.95 8092.38 3.086 4.95
TP-13 5 2 TP-14 5 2 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Right §200.01 5.20 8097.42 3.50 o1 5.20
TP-13 5 3 TP-14 5 3 moose_acsr 200m.wir 400 32° 19.2% Wind-200m Creep RS Right 8000.00 6.21 8105.18 4.41 .00 6.21
TP-13 [ 1 TP-14 ] 1 moose_acsr 200m.wir 400 32° 19.2% Wind-200m Creep RS Left §200.02 -4.95 B200.02 —-4.95 .39 -3.06
TP-13 [ 2 TP-14 & 2 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Left 8200.01 -5.20 8200.01 -5.20 .42 -3.50
TP-13 [ 3 TP-14 & 3 moose_acsr_200m.wir 400 32° 1%.2% Wind-200m Creep RS Left §000.00 -6.21 8000.00 -6.21 .13 -4.41
TP-13 [ 1 Tp-14 & 1 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Right 8106.08 -11.46 8106.08 -11.4& 0o -9.63
TP-13 [ 2 TP-14 & 2 moose_acsr 200m.wir 400 32° 15%.2% Wind-200m Creep RS Right U: T B81l08.67 -12.14 a0 -10.22
TP-13 [ 3 TP-14 & 3 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Right 8110.81 -13.38 0o -11.3%

For 0KV wires between structures TP-13,

maximum offset is 6.

For 400kV wires between structures TP-13, maximum offset is

74 (m), the leftmost offset is -5.80 (m), rightmost offset is €.74 (m)

13.38 (m), the leftmost offset is -13.38 (m), rightmost offset is 13.38
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
6 400KV 200m ACSR V-String N/A 405.1 Pa 8.93m
Moose
Blowout Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost 1 Rightmost--———- | Hotes
Stroct Struct Strumct Strumet Strumct Struet Span -age Case Condition From | --——- Blowont-—-—-—- 1 Blowont 1 Blowont: 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station offset
File | | | |
Name (kV) | (m) | (m) | (m) |

TP-13-V 3 1 TP-14-V 3 1 OPGW-11.4mm 200m.wir 19.2% Wind-200m Creep R3 Left S400.15 $300.00 5.17 5400.15 T.61
TP-13-V 3 1 TP-14-V 3 1 OPGW-11.4mm 200m.wir 19.2% Wind-200m Creep RS Right S300.00 8400.15 2.389 S300.00 4.8
TP-13-V 4 1 TP-14-V 4 1 ew-10.98mm 200m.wir 19.2% Wind-200m Creep R3 Left 9300.00 8300.00 -4.8 9400.15 -3.33
TP-13-V 4 1 TP-14-V 4 1 ew-10.9Bmm 200m.wir 19.2% Wind-200m Creep RS Right S400.15 & $400.15 -6.67 S300.00 -5.15
TP-13-V 7 1 TP-14-V 7 1 moose acsr_200m.wir 19.2% Wind-200m Creep RS Left S400.00 7. S500.00 5.57 S400.00 7.1%9
TP-13-V 7 2 TP-14-V 7 2 moose_acsr 200m.wir 19.2% Wind-200m Creep R3S Left 9400.00 7. 8500.00 6.17 9400.00 T7.79
TP-13-V 7 2 TP-14-V 7 3 moose acsr_ 200m.wir 19.2% Wind-200m Creep RS Left S400.00 8. S500.00 7.30 S400.00 8.93
TP-13-V 7 1 TP-14-V 7 1 moose acsr_200m.wir 19.2% Wind-200m Creep RS Right 8500.00 5. 5400.00 3.54 8500.00 5.57
TP-13-V 7 2 TP-14-V 7 2 moose_acsr_200m.wir 19.2% Wind-200m Creep R3 Right S500.00 &. 5400.00 4.54 S500.00 6.17
TP-13-V 7 3 TP-14-V 7 3 moose acsr_200m.wir 19.2% Wind-200m Creep RS Right S500.00 7. S400.00 5.87 S500.00 7.30
TP-13-V 1 TP-14-V 8 1 moose_acsr_200m.wir 19.2% Wind-200m Creep R35 Left 9500.00 -5. 8500.00 -5.57 9400.00 -3.94
TP-13-V 2 TP-14-V 8 2 moose_acsr_200m.wir 19.2% Wind-200m Creep RS Left S500.00 -&. S500.00 -6.17 S400.00 -4.54
TP-13-V 3 TP-14-V & 3 moose_acsr_200m.wir 19.2% Wind-200m Creep RS Left 9500.00 -7. 8500.00 -7.30 9400.00 -5.67
TP-13-V 1 TP-14-V 8 1 moose acsr 200m.wir 19.2% Wind-200m Creep R3S Right 9400.00 -7. 5400.00 -7.1% 9500.00 -5.57
TP-13-V 2 TP-14-V 8 2 moose acsr_200m.wir 32° 19.2% Wind-200m Creep RS Right S400.00 S400.00 -7.789 S500.00 -6.17
TP-13-V 3 TP-14-V & 3 moose_acsr_200m.wir 400 32° 19.2% Wind-200m Creep RS Right 9400.00 5400.00 -8.83 8500.00 =7.30

For 0kV wires between structures TP-13-V,
For 400kV wires between structures TP-13-V,

maximum offset is 7.6l (m),
maximum offset is £.93
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the leftmost offset 1s -6.67 (m), rightmost offset is 7.6l (m)
{m), the leftmost offset is -8.93 (m), rightmost offset is 8.95%3 (m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
7 400KV 500m ACSR |-String 30° 386.5 Pa 21.8m
Moose
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost---—-—- | ————== Rightmost—---——-- | NHotes
Struct Strumct Strumet Strumet Strumct Struet Span -age Case Condition From | ———— Blowont———— 1 Blowont 1 Blowont—————— ]
Number S5et Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-C 1 1 TP-D 1 1 OPGW-11l.4mm S00m.wir 0 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00
TP-C 1 1 TP-D 1 1 CPGW-11.4mm SO00m.wir 0 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00
TP-C 2z 1 TP-D 2z 1 ew-10.58mm SOOm.wir 0 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00
TP-C 2 1 TP-D 2 1 Smm_S00m.wir 0 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 .
TP-C 5 1 TP-D 5 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00 20.04
TP-C 5 2 TP-D 5 2 moose acsr S00m.wir 400 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00 20.65
TP-C 5 3 TP-D 5 3 HDDEE:ECSI:SOOH.WiI 400 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00 21.84
TP-C 5 1 TP-D 5 1 moose_acsr S500m.wir 400 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 4.45
TP-C 5 2 TP-D 5 2 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 5.04
TP-C 5 3 TP-D 5 3 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 12300. 12050.00 12300.00 6.22
TP-C a 1 TP-D @ 1 moose_acsr S00m.wir 400 32 ® 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00 5.92
TP-C & 2 TP-D 3 2 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 12050. 12300.00 12050.00 5.33
TP-C & 3 TP-D & 3 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 12300. 12300.00 12050.00 4.15
TP-C a 1 TP-D @ 1 moose_acsr S00m.wir 400 32 ® 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 -9.67
TP-C & 2 TP-D 3 2 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 -10.28
TP-C & 3 TP-D & 3 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 12050. 12050.00 12300.00 -11.47
For 0kV wires between structures TP-C, maximum offset is 16.66 (m), the leftmost offset is -15.24 (m), rightmost offset is 16.66 (m)
For 400KV wires between structures TP-C, maximum offset is 21.84 (m), the leftmost offset is -21.83 (m), rightmost offset is 21.84 (m)
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Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
8 400KV 500m ACSR Strain Max. Tower 386.5 Pa 21.0m
Moose Tension
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | 1 Leftmost--———- ] | Hotes
struct Struct Struct Struct Struct Struct Span -age Case Condition From | 1 Blowout | 1
Number Set Phase Number Set Phase Cable Description 1 1 Station offset | Station Offset |
File | | | |
Name (kV) | (m) | (m}) | (m}) |
TP-A 1 1 TP-B 11 1 OPGW-11.4mm 500m.wir 0 32° 19.2% Wind-400m Creep RS Left 11050.00 17.33 11299.50 5.03 11050.00 17.33
TP-R 1 1 TP-B 11 1 OPGW—ll.ern:SOOn‘.wiI 0 32° 19.2% Wind-400m Creep RS Right 11050.00 -7.31 11050.00 -7.31 11285.50 4.99
TP-A 2 1 TP-B 12 1 1.Wir 0 32° 19.2% Wind-400m Creep RS Left 11050.00 5.91 1129%.50 -4.5%9 11050.00 5.91
TEF-LR 2 1 TP-B 1z 1 L.Wir 0 32° 19.2% Wind-400m Creep RS Right 11050.00 -15.83 11050.00 -15.93 112589.50 -5.03
TP-L 5 1 TP-B 15 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 11050.00 g.25 10807.07 8.46 11050.00 18.25
TP-A 5 2z TP-B 15 2 moose acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 11050.00 19.15 10807.07 9.36 11050.00 19.15
TP-R 5 3 TP-B 15 3 HDGSEZ&CSIZSOOH‘.wiI 400 32° 19.2% Wind-400m Creep RS Left 11050. 10807.07 11.11 11050.00 20.90
TP-R 5 1 TP-B 15 1 moose_acsr_S00m.wir 400 3 ° 19.2% Wind-400m Creep RS Right 10807, 11050.00 -2.45 T.34
TEF-LR 5 2 TP-B 15 2 moose_acsr_500m.wir 400 32° 19.2% Wind-400m Creep RS Right 10807. 11050.00 1. 5.24
TP-L 5 3 TP-B 15 3 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 10807, 11050.00 a. .99
TP-A [ 1 TP-B le 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 10808.08 T 2.34
TP-R [ 2 TP-B 16 2 moose_acsr_500m.wir 400 32° 19.2% Wind-400m Creep RS Left 11z91. 11291. 1.39
TP-R [ 3 TP-B 1l& 3 moose_acsr_S00m.wir 400 3 ° 19.2% Wind-400m Creep RS Left 11280, 112%0.66 11050.00 -0.41
TEF-LR 3 1 TP-B le 1 moose_acsr_500m.wir 400 32° 19.2% Wind-400m Creep RS Right 11050. 11050.00 10808.08 -&.45
TP-A [ 2 TP-B 1le 2 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 11050, 11050.00 11281.29 -5.35
TP-A [ 3 TP-B le 3 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 11050, 11050.00 -20.69 112%0.66 -11.10
For 0KV wires between structures TP-A, maximum offset is 17.33 (m), the leftmost offset is -15.93 (m), rightmost offset is 17.33 (m)
For 400kV wires between structures TP-&, maximum offset is 20.8%0 (m), the leftmost offset is -20.69 (m), rightmost offset is 20.90 (m)
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Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
9 400KV 500m ACSR Strain Max. Wire 386.5 Pa 19.0m
Moose Tension
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost-—-———- | ————=- Rightmost--————— | Notes
Stroct Strmect Strumect Strumet Struct Struct Span -age Case Condition From | —----—- Blowont-—--——- 1 Blowont: 1 Blowont--————— 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TE-L 1 1 TP-B 11 1 OPGW-11.4mm 500m.wir 0 32° 19.2% Wind-400m Creep RS Left 13.48 11285.50 5.03 11050.00 13.48
TE-A 1 1 TP-B 11 1 CPGW-1l.4mm S00m.wir 0 32° 19.2% Wind-400m Creep RS Right 4.99 11050.00 1 1129%.50 4.599
TE-L e 1 TP-B 1z 1 ew-10.98mm 500m.wir 0 32° 19.2% Wind-400m Cresp RS Left -4.99 112589.50 g 11050.00 2.82
TE-L e 1 TP-B 1z 1 ew-10.98mm 500m.wir 0 32° 19.2% Wind-400m Creep RS Right -12.84 11050.00 84 112859.50 -5.03
TP-R 5 1 TP-B 15 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left l6.02 8.34 11050.08 16.02
TE-A 5 2 TP-B 15 2 moose_acsr_S00m.wir 400 32° 19.2% Wind-400m Creep RS Left 1l6.92 9.24 11050.08 16.92
TE-L 5 3 TP-B 15 3 moose_acsr_500m.wir 400 32° 19.2% Wind-400m Creep RS Left .67 10.89 11050.08 g.67
TP-R 5 1 TP-B 15 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right T.46 -0.22 11292.90 7.46
TE-A 5 2 TP-B 15 2 moose_acsr_S00m.wir 400 32° 19.2% Wind-400m Creep RS Right g8.36 0.68 11292.90 8.36
TP-A 5 3 TP-B 15 3 moose_acsr_500m.wir 400 32" 19.2% Wind-400m Creep ES Right 2. 11292.90 11
TP-2 & 1 TP-B 16 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Left 11050.00 .56
TE-A ] 2 TP-B 1le 2 moose_acsr_S00m.wir 400 32° 19.2% Wind-400m Creep RS Left 11050.00 .38
TP-A & 3 TP-B 1& 3 moose_acsr_500m.wir 400 32° 19.2% Wind-400m Creep RS Left 11050.08 .17
TP-2 & 1 TP-B 16 1 moose_acsr 500m.wir 400 32° 19.2% Wind-400m Creep RS Right 10808.10 36
TE-A ] 2 TP-B 1le 2 moose_acsr_S00m.wir 400 32° 19.2% Wind-400m Creep RS Right 11291.27 26
TP-A 6 3 TP-B 16 3 moose_acsr_500m.wir 400 32" 19.2% Wind-400m Creep ES Right 11290.64 01

For 0KV wires between structures TP-A, maximum offset is 13.48
For 400kV wires between structures TP-4,

(m), the leftmost offset is -12.84

maximum offset is -18.9%3 (m), the leftmost offset is -18.93
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(m) ,

rightmost offset is 13.
(m), rightmost offset is

(m)
.87

(m)




Report Index — 220kV TL Conductor Blowout Reports

SN Voltage Level Conductor Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
o (kV) (m) Attachment (Degrees) (Pa) (m)
1 I-String 30° 331.7 Pa 11.45m
350m
2 V-String N/A 331.7 Pa 8.64m
3 I-String 30° 339.8 Pa 9.34m
250m
4 V-String N/A 339.8 Pa 6.54m
5 220kV ACSR I-String 30° 369.14 Pa 7.94m
Bison
150m
6 V-String N/A 369.14 Pa 5.11m
7 I-String 30° 331.7 Pa 17.5m
8 500m Strain Max. Tower Tension 331.7 Pa 16.3m
9 Strain Max. Wire Tension 331.7 Pa 13.9m
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
1 220kV 350m A.CSR 1-String 30° 331.7 Pa 11.45m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost--———- | ————=- Rightmost——--——- | Notes
Struct Struct Struoct Strumet Stromet Struct Span -age Case Condition From | --——-- Blowont---—-—- 1 Blowont. | Blowont- 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File I I | I
Name (kV) 1 (m) 1 {m) I (m) 1
TP-3 1 1 TP-4 1 1 0PGW—11.&HR_350m.wiI o .5% Wind-350m Creep RS Left 875.00 5.22 1050.00 2.87 875.00
TP-3 1 1 TP-4 1 1 OPGW-11.4mm 350m.wir (1] .5% Wind-350m Creep RS Right 875.00 875.00 -2.78 T700.00
TP-3 2 1 TP-4 2 1 ew—l0.0SHm_350m.wir Q . 5% Wind-350m Creep RS Left TF00.00 T700.00 -2.58 875.00
TP-3 2 1 TP-4 2 1 ew-10.05mm 350m.wir (1] .5% Wind-350m Creep RS Right 875.00 875.00 -7.08 1050.00
TP-3 5 1 TP-4 5 1 bison_acsz_350m.wir 220 .5% Wind-350m Creep RS Left g74.8 11.14 1050.00 6.64
TP-3 5 2 TP-4 5 2 bison acsr 350m.wir 220 .5% Wind-350m Creep RS Left 874.8 11.30 1050.00 6.80 874.8
TP-3 5 3 TP-4 5 3 hisonZacsIZBSOm.wir 220 .5% Wind-350m Creep RS Left 875.00 11.4& TFO00.00 6.96 875.00
TP-3 5 1 TP-4 ) 1 bison_acsr_350m.wir 220 . 5% Wind-350m Creep RS Right TF00.00 3.94 875.15 -0.56 T00.00
TP-3 5 2 TP-4 5 2 bison_acsr 350m.wir 220 .5% Wind-350m Creep RS Right 1050.00 4,08 875.00 -0.40 1050.00
TP-3 5 3 TP-4 5 3 bison_acsz_350m.wir 220 .5% Wind-350m Creep RS Right 1050.00 4.28 B74.85 -0.24 1050.00
TP-3 [ 1 P-4 ) 1 bkison acsr 350m.wir 220 . 5% Wind-350m Creep RS Left TO00.00 -3.94 T00.00 -3.94 875.15
TP-3 [ 2 TP-4 ) 2 hisonZacsIZBSOm.wir 220 .5% Wind-350m Creep RS Left 1050.00 -4.0%9 1050.00 -4._0%8 875.00
TP-3 [ 3 TP-4 ) 3 bison_ac51_350m.wir 220 .5% Wind-350m Creep RS Left 1050.00 -4.26 1050.00 -4.26 874.8
TP-3 [ 1 TP-4 & 1 bison acsr 350m.wir 220 .5% Wind-350m Creep RS Right 874.85 -11.14 874.8 -11.14 1050.00
TP-3 & ped TP-4 ) 2 bison_acsz_350m.wir 220 .5% Wind-350m Creep RS Right 874.85 -11.30 g74.8 -11.30 1050.00
TP-3 [ 3 P-4 ) 3 bison acsr 350m.wir 220 ® 20.5% Wind-350m Creep RS Right 875.00 -11.46 875.00 -11.46 T00.00

For 0kV wires between structures TP-3,
For 220kV wires between structures TP-3, maximum offset i

maximum offset is

w

.22 (m), the leftmost offset is -7.08 (m), rightmost offset is
11.46 (m), the leftmost offset is -11.46 (m),
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rightmost offset i

22 (m)
s 11.46




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
2 220KV gsom | ACSR V-String N/A 331.7 Pa 8.64m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max 1 Leftmost---—-——— | —-- Rightmost--———- | Notes
Stroet Strmet Strmet Strmet Strmet Struet Span -age Case Condition From | —--—--—- Blowont——-—— 1 Blowont: 1 Blowont: ]
HNumber Set FPhase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-3-V 1 1 TP-4-V 1 1 OPGW-1l.4mm 350m.wir 0 32° 20.5% Wind-350m Creep R3S Left 2775.00 g.22 25850.00 2.87 2775.00 &
TP-3-V 1 1 TP-4-V 1 1 OPGW-11.4mm 350m.wir 0 32° 20.5% Wind-350m Creep RS Right 2775.00 -2.78 2775.00 .78 2600.00 Z.
TP-3-V 2 1 TP-4-V 2 1 ew-10.05mm 350m.wir 0 32° 20.5% Wind-350m Creep RS Left 2600.00 -2, 2600.00 -2.58 2775.00 1.
IP-3-V 2 1 TP-4-V 2 1 ew-10.05mm 350m.wir 0 32° 20.5% Wind-350m Creep RS Right 2775.00 -7. 2775.00 -7.08 2950.00 -2
TP-3-V 5 1 TP-4-V 5 1 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2775.00 7 2850.00 3.35 2775.00 7
TP-3-V 5 2 TP-4-V 5 2 bison acsr 350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2775.00 T 2850.00 3.50 2775.00 7
TP-3-V 5 3 TP-4-V 5 3 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2775.00 8. 25850.00 4.15 2775.00 8.
TP-3-V 5 1 TP-4-V 5 1 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Right 25850.00 3. 2775.00 -1.14 25850.00 3.
TP-3-V 5 2 TP-4-V 5 2 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Right 2950.00 3. 2775.00 -0.99 2950.00 3.
TP-3-V 5 3 TP-4-V 5 3 bison_acsr_ 350m.wir 220 32° 20.5% Wind-350m Creep RS Right 2950.00 4. 2775.00 -0.34 2950.00 4.
TP-3-V ] 1 TP-4-V 3 1 bison_acsr 350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2950.00 2850.00 -3.35 2775.00 1.14
TP-3-V ] Z TP-4-V 3 2 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2950.00 2850.00 -3.50 2775.00 Q.88
TP-3-V & 3 TP-4-V 8 3 bison_acsr 350m.wir 220 32° 20.5% Wind-350m Creep RS Left 2950.00 2850.00 -4.15 2775.00 0.34
TP-3-V ] 1 TP-4-V 6 1 Pkison acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Right 2775.00 2775.00 -7.84 2950.00 -3.35
TP-3-V ] Z TP-4-V 3 2 bison_acsr_350m.wir 220 32° 20.5% Wind-350m Creep RS Right 2775.00 2775.00 -7.9%9 25850.00 -3.50
TP-3-V & 3 TP-4-V & 3 bison_acsr 350m.wir 220 32° 20.5% Wind-350m Creep RS Right 2775.00 2775.00 2950.00 -4.15

For OkV wires between structures TP-3-V, maximum offset is 8

For 220kV wires between structures TP-3-V, maximum offset is

e

(m), the leftmost offset is -7.

(m), rightmost offset is 8.22 (m)

.64 (m), the leftmost offset is -5.64 (m), rightmost offset is §.64 (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
3 220KV o50m | ACSR I-String 30° 339.8 Pa 9.34m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: ] Leftmost-————- | ——- Rightmost----—— | Hotes
Struoct Struct Struct Struct Struoct Struoct Span -age Case Condition From | —-—-- Blowont----—- ] Blowont 1 Blowont: 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File 1 I 1 1
Name (kV) 1 (m) I (m) 1 (m) 1
TP-8 1 1 TP-9 1 1 OPGW-11.4mm 250m.wir 0 32° 21% Wind-250m Creep R3 Left 4425.00 5. 4550.00 4425.00 5
TP-8 1 1 TP-9 1 1 OPGW-11.4mm 250m.wir 0 32° 21% Wind-250m Creep R3 Right 4300.00 2. 4425.00 4300.00 2.
TP-8 2 1 TP-%9 2 1 ew—l0.0Srtﬂ_ESOrt.wir 0 32° 21% Wind-250m Creep RS Left 4300.00 -2, 4300.00 4425.00 -0,
TP-& 2 1 TP-% e 1 ew—l0.0Srr.rr._ZSOrr..wiI 0 32° 21% Wind-250m Creep RS Right 4425.00 -5. 4425 .00 4550.00 -2,
TP-& 5 1 TP-%9 5 1 bisan_acsI_ZSClm.wiI 220 32° 1% Wind-250m Creep RS Left 4424.54 . 4550.,00 4424,54 Q.
TP-8 5 2 TP-9 5 2 bisan_acsI_ZSClrr..wir 220 32° 21% Wind-250m Creep RS Left 4424.70 Q.18 4550.00 4424.,70 Q.
TP-8 5 3 TP-% 5 3 bisun_acsI_ZSClrr..wiI 220 32° 21% Wind-250m Creep RS Left 4425.15 9,34 4300.00 4425.15 .
TP-8 5 1 TP-9 5 1 bisan_acsI_ZSClrr..wiI 220 32° 21% Wind-250m Creep RS Right 4300.00 3.95 4425.,30 4300.00 3.
TP-8 5 2 TP-9 5 2 bisan_acsr_ZSClrr..wir 220 32° 21% Wind-250m Creep RS Right 4550.00 4,10 4425.00 4550.00 4.
TP-8 5 3 TP-9 5 3 bisan_acsr_ZSClrr..wir 220 32° 21% Wind-250m Creep RS Right 4550.00 4.28 4424 .54 4550.00 4.
TP-8 & 1 TP-9 & 1 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Left 4300.00 -3.85 4300.00 4425,30
TP-8 & 2 TP-9 & 2 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Left 4550.00 -4.10 4550.00 . 4425.00
TP-8 & 3 TP-9 & 3 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Left 4550.00 -4.28 4550.00 -4.28 4424 .54
TP-8 & 1 TP-%9 & 1 bismn_acsI_ZSOrr.wir 220 32° 21% Wind-250m Creep RS Right 4424 .54 -5.02 44324 .54 -49.02 4550.00
TP-& 6 2 TP-% 6 2 bisan_acsI_ZSOm.wiI 220 32° 1% Wind-250m Creep RS Right 4424 .70 -8.18 4424 .70 -4.1%8 4550.00
TP-& & 3 TP-%9 & 3 bisan_acsI_ZSClm.wiI 220 32° 21% Wind-250m Creep RS Right 4425,15 -9,34 44325,15 —-0,34 4300.00

For OkKV wires between structures TP-8,
For 220kV wires between structures TP-8%, maximum offset is

maximum offset is 5.

88 (m), The leftmost offset is -5.04

(m), rightmost offset is 5.¢

(m)

9.34 (m), the leftmost offset is -9.34 (m), rightmost offset is 9.34 (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
4 220KV o50m | ACSR V-String N/A 339.8 Pa 6.54m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | ————-1 Max——————— | Leftmost—————— | —- Rightmost———-—- | Notes
Struct Strumct Strumct Strumect Strumect Strumect Span -age Case Condition From | —-——- Blowont----—- 1 Blowont 1 Blowont ]
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File I I I |
Name (kV) 1 (m) 1 (m) 1 (m) I
TP-8-V 1 1 1 1 OPGW-11.4mm 250m.wir 0 32° 21% Wind-250m Creep RS Left 5925.00 5.88 6050.00 2.87 5925.00 5.
1 1 1 1 OPGW-11.4mm 250m.wir 0 32° 21% Wind-250m Creep RS Right S5800.00 2.57 5925.00 -0.44 5800.00 2.
2 1 2 1 ew-10.05mm 250m.wir 0 32° 21% Wind-250m Creep RS Left 5800.00 -2.58 5800.00 -2.58 5925.00 -0.
2 1 2 1 ew-10.05mm 250m.wir 0 32° 21% Wind-250m Creep RS Right 5925.00 -5.04 5925.00 -5.04 6050.,00 -2.
5 1 5 1 bison_acsr_ZSOm.wiI 220 32° 21% Wind-250m Creep RS Left 5825.00 5.74 &050.00 3.35 E925.00 5.7
5 2 5 ped bison_acsr_ESOm.wiI 220 32° 21% Wind-250m Creep RS Left ES2E5.00 E.g88 &050,00 3.50 925,00 5.89
5 3 5 3 bison_acsr_ZSOm.wiI 220 32° 21% Wind-250m Creep RS Left E525.00 6.54 &050,00 4,15 £5525.00 6.54
5 1 ) 1 bison_acsr_ZSOm.wir 220 32° 21% Wind-250m Creep RS Right 6050.00 3.35 5925.00 0.%96 6050,00 3.35
5 2 5 2 bison_acsI_ZSOm.wiI 220 32° 21% Wind-250m Creep RS Right 6050.00 3.50 5925.00 1.11 6050,00 3.50
5 3 1) 3 bison_acsr_ESOm.wiI 220 32° 21% Wind-250m Creep RS Right 6050.00 4.15 5925.00 1.76 6050,00 4.15
& 1 & 1 bison_acsr_ESOm.wir 220 32° 21% Wind-250m Creep RS Left 6050.00 -3.35 &050.00 -3.35 5925.00 -0.9¢6
& 2 & 2 bison_acsr_ESOm.wir 220 32° 21% Wind-250m Creep RS Left 6050.00 -3.50 &050.00 -3.50 5925.00 -1.11
& 3 & 3 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Left 6050.00 -4.15 &050.00 -4,15 5925.00 -1.76
& 1 & 1 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Right 5925.00 -5.7 5925.,00 -5.74 6050.,00 -3.35
& 2 & 2 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Right 5925.00 -5.89 5925.00 -5.89 6050.,00 -3.50
& 3 & 3 bison acsr 250m.wir 220 32° 21% Wind-250m Creep RS Right 5925.00 -6.54 5925.00 -6.54 6050.,00 -4.15

For OkEV wires between structures TP-8-V,
For 220KV wires between structures TP-8-V,

maximum offset is 5.88 (m), the leftmost offset is -5.04 (m), rightmost offset is 5.88
maximum offset is 6.54 (m), the leftmost offset is -6.54 (m), rightmost offset is 6.54
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
5 220kVv 150m A.CSR I-String 30° 369.14 Pa 7.94m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost-—---—- | ————=- Rightmost--—-—-——- | Hotes
Struoect Strumct Strumct Strumet Strmet Strumct Span -age Case Condition From | ———— Blowont———— 1 Blowont 1 Blowont-——————— 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File 1 1 1 1
Name (kV) I (m) I (m} I (m) I
TP-13 1 1 TP-14 1 1 OPGW-11.4mm 150m.wir Q0 32° 22.5% Wind-150m Creep RS Left T175.00 4,19 T7250.00 2. T7175.00
TP-13 1 1 Tp-14 1 1 OPGW—ll.4mm_150m.wiI 0 32° 22.5% Wind-150m Creep RS Right TF100.00 2.56 T175.15 1.25 T7100.00
TP-13 2 1 TP-14 2 1 Ew—l0.0SHm_lSOm.wiI 0 32° 22.5% Wind-150m Creep RS Left TFl00.00 -2.57 T100.00 -2.57 T175.15
TP-13 2 1 TP-14 2 1 ew-10.05mm 150m.wir 0 32° 22.5% Wind-150m Creep RS Right T174.8 -3.69 T7174.8 -3.69 7250.00
TP-13 5 1 TP-14 5 1 bison_acsr_lSOn.wir 0 32° 22.5% Wind-150m Creep RS Left T173.32 T7.58 T2E50.00 6.58 T173.32
TP-13 5 2 TP-14 5 2 bison_acsr_lSOm.wir 0 32° 22.5% Wind-150m Creep RS Left T174.09 T7.75 T250.00 6.77 T7174.0%9
TP-13 5 3 TP-14 5 3 bisDn_acsI_lBOm.wiI 220 32° 22.5% Wind-150m Creep RS Left T175.46 T7.94 T100.00 6.97 T175.46
TP-13 5 1 TP-14 5 1 bison acsr_l150m.wir 220 32° 22.5% Wind-150m Creep RS Right T100.00 3.83 T175.91 2.95 7100.00
TP-13 5 2 TP-14 5 2 bison_acsr_lSOm.wiI 220 32° 22.5% Wind-150m Creep RS Right T2E0.00 4,09 T174.8 3.13 T250.00
TP-13 5 3 TpPp-14 5 3 bisDn_acsI_lSOm.wiI 220 32° 22.5% Wind-150m Creep RS Right T250.00 4,32 T173.32 3.32 T250.00
TP-13 & 1 TP-14 & 1 bison_acsr_150m.wir Q0 32° 22.5% Wind-150m Creep RS Left 7100.00 -3.93 T100.00 -3.93 T7175.91
TP-13 6 2 TP-14 & 2 bison_acsr_lSOm.wiI 220 32° 22.5% Wind-150m Creep RS Left TF2E0.00 -4.0% T2E50.00 -4.08 7174.8
TP-13 & 3 TP-14 & 3 bison_acsr_lSOm.wiI 220 32° 22.5% Wind-150m Creep RS Left T250.00 -4.32 T250.00 -4.32 T173.32
TP-13 & 1 TP-14 & 1 bison acsr_l150m.wir 220 32° 22.5% Wind-150m Creep RS Right 7173.32 -7.58 T173.32 -7.58 7250.00
TP-13 & 2 TP-14 6 2 bison_acsr_lSOn.wir 220 32° 22.5% Wind-150m Creep RS Right T174.09 -T7.75 T174.0%9 5 T250.00
TP-13 6 3 TPp-14 6 3 bison_acsr_lSOm.wir 220 32° 22.5% Wind-150m Creep RS Right T175.46 -T7.%94 T175.46 -7.94 T7100.00

For 0KV wires between structures TP-13,

maximum offset is 4.1% (m), the leftmost offset is -3.69

For 220kV wires between structures TP-13, maximum offset is 7.94 (m), the leftmost offset is -7.94
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(m) ,

rightmost offset is 4.19% (m)

rightmost offset is 7.94 (m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
6 220kV 150m A.CSR V-String N/A 369.14 Pa 5.11m
Bison
Blowout Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max 1 Leftmost--—-——- | ————=- Rightmost---—-—— | Notes
Struct Struct Strumet Strmet Struet Stromet Span -age Case Condition From | ---—- Blowont-——-- 1 Blowont | Blowont
Number Set Phase Number Set Fhase Cable Description 1 Station Offset | Station Offset | Station Offset
File 1 1 | 1
Name (kV) | (m) | (m) | (m) |

TP-13-V 1 1 TP-14-V 1 1 OPGW-11l.4mm 150m.wir 0 32° 2 Wind-150m Creep RS Left 4.19 §350.00 2. 8275.00 4.1%9
TP-13-V 1 1 TP-14-V 1 1 OPGW-11.4mm 150m.wir 0 32° 2 Wind-150m Creep RS Right 2.56 8275.15 1. 8200.00 2.56
TP-13-V 2 1 TP-14-V 2 1 ew-10.05mm 150m.wir o 32° 2 Wind-150m Creep RS Left -2.57 8200.00 -2.57 8275.15 -1.74
TP-13-V 2 1 TP-14-V 2 1 ew-10.05mm 150m.wir 0 32° 2 Wind-150m Creep RS Right -3.69 8274.8 -3.69 8350.00 -2.86
TP-13-V = 1 TP-14-V 5 1 bkison_acsr_l5Om.wir 220 32° 2 Wind-150m Creep RS Left 4.31 §350.00 3.35 275. 4,31
TP-13-V = 2 TP-14-V 5 2 bpison acsr_ 150m.wir 220 32° 2 Wind-150m Creep R3 Left 4.46 §350.00 3.50 4.46
TP-13-V E 3 TP-14-V 1) 3 bison acsr 150m.wir 220 32° 2 Wind-150m Creep RS Left 5.11 §350.00 4,15 5.11
TP-13-V E 1 TP-14-V 1) 1 bison acsr 150m.wir 220 32° 2z Wind-150m Creep RS Right 3.35 B275.00 2.38 3.35
TP-13-V 5 2 TP-14-V 5 2 bison_acsr_150m.wir 220 32° 2 Wind-150m Creep RS Right 3.50 8275.00 2.54 3.50
TP-13-V = 3 TP-14-V 5 3 bkison acsr_ 150m.wir 220 32° 2 Wind-150m Creep R3 Right 4.15 §275.00 3.1% L 4.15
TP-13-V & 1 TP-14-V & 1 bison acsr 150m.wir 220 32° 2 Wind-150m Creep RS Left -3.35 §350.00 -3.35 8275.00 -2.3%9
TP-13-V & 2 TP-14-V & 2 bison acsr 150m.wir 220 32° 22, Wind-150m Creep RS Left -3.50 g350.00 -3.50 -2.54
TP-13-V 6 3 TP-14-V 6 3 bison_acsr_150m.wir 220 32° 22.5% Wind-150m Creep RS Left -4.15 8350.00 -4.15 -3.19
TP-13-V & 1 TP-14-V & 1 Pkison_acsr_l5Om.wir 220 32° 22.5% Wind-150m Creep RS Right -4.31 §275.00 -4.31 -3.35
TP-13-V & 2 TP-14-V & 2 bison acsr 150m.wir 220 32° 22.5% Wind-150m Creep RS Right —-4.46 8275.00 -4.46 -3.50
TP-13-V 6 3 TP-14-V & 3 bison acsr 150m.wir 220 32° 22.5% Wind-150m Creep RS Right -5.11 8275.00 -5.11 -4.15

For 0KV wires between structures TP-13-V,

For 220kV wires between structures TP-13-V,

maximom offset is 4.19% (m), the leftmost offset is -3.69

(m) ,
maximam offset is 5.11 (m), the leftmost offset is -5.11
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(m) ,

rightmost offset is 4.19 (m)

rightmost offset is 5.11 (m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
7 220kVv 500m A.CSR I-String 30° 331.7 Pa 17.5m
Bison
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost. 1 Rightmost-- | Notes
Struct Strumct Struct Strumet Strumet Struct Span -age Case Condition From | --——-- Blowont---—-—-— 1 Blowont 1 Blowont--- |
Humber Set Phase Number Set Phase Cable Description 1 Station Offset | Station 0Offset | Station Offset
File I I I |
Name (kV) 1 (m) 1 (m) 1 (m) I
TP-C 1 1 TIP-D 1 1 OPGW—ll.&nm_SOOm.wiI 0 32° 20.5% Wind-350m Creep RS Left 10800. 11050.00 2 7 10800.00 14 8
TP-C 1 1 TP-D 1 1 OPGW-11.4mm 500m.wir 0 32° 20.5% Wind-350m Creep RS Right 10800. 10800.00 -59.44 11050.00 2.57
TP-C 2 1 TP-D 2 1 ew—l0.0Snm_SOOm.wir 0 32° 20.5% Wind-350m Creep RS Left 10800, 11050.00 -2.58 10800.00 8.03
TP-C 2 1 TP-D 2 1 ew-10.05mm 500m.wir 0 32° 20.5% Wind-350m Creep RS Right 10800. 10800.00 -13.47 11050.00 -2.86
TP-C 5 1 TP-D 5 1 bison_acsr_BOOm.wiI 220 32° 20.5% Wind-350m Creep RS Left 10800, 11050.00 E.68 10800.00 17.1%
TP-C 5 2 TIP-D 5 2 bison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left 10800, 11050.00 6.83 10800.00 17.34
TP-C 5 3 TE-D 5 3 hisonZacerSOOn.wir 220 32° 20.5% Wind-350m Creep RS Left 10800. 11050.00 6.9%9 10800.00 17.50
TP-C ) 1 TP-D ) 1 bison_acsr_SOOm.wir 220 32° 20.5% Wind-350m Creep RS Right 10800, 10800.00 .60 11050.00 3.91
TP-C 5 2 TP-D 5 2 bison_acsr_500m.wir 220 32° 20.5% Wind-350m Creep RS Right 10800. 10800.00 44 11050.00 4.06
TP-C 5 3 TP-D 5 3 bison_acsr_BOOm.wiI 220 32° 20.5% Wind-350m Creep RS Right 10800, 10800.00 a 11050.00 4,22
TP-C ) 1 TP-D ) 1l bison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left 10800, 11050.00 .91 10800.00 6.60
TP-C ) 2 TE-D ) 2 hisonZacerSOOn.wir 220 32° 20.5% Wind-350m Creep RS Left 10800.00 6.44 11050.00 .08 10800.00 6.44
TP-C & 3 TP-D & 3 bison_acsI_SOOm.wiI 220 32° 20.5% Wind-350m Creep RS Left 10800.00 6.29 11050.00 .22 10800.00 6.29
TP-C & 1 TP-D & 1 bison_acsr_500m.wir 220 32° 20.5% Wind-350m Creep RS Right 10800.00 -17.19 10800.00 -17.1%9 11050.00 -6.68
TP-C & ped TP-D & 2 bison_acsr_BOOm.wiI 220 32° 20.5% Wind-350m Creep RS Right 10800.00 -17.34 10800.00 -17.34 11050.00 -6.83
TP-C ) 3 TP-D ) 3 bison acsr S00m.wir 220 32° 20.5% Wind-350m Creep RS Right 10800.00 -17.50 10800.00 -17.50 11050.00 -6.99

For OkV wires between structures TP-C, maximum offset is 14 {m), the leftmost offset is -13.47 (m), rightmost offset is 14.88 (m)
For 220kV wires between structures TP-C, maximum offset is 17.50 (m), the leftmost offset is -17.50 (m), rightmost offset is 17.50 (m)
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Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
8 220kV 500m ACSR Strain Max. Tower 331.7 Pa 16.3m
Bison Tension
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | 1 Leftmost-—--——- 1 | Hotes
Stroct Struct Struct Struect Struct Struct Span -age Case Condition From | 1 Blowout 1 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station 0Offset | Station Offset |
File | | | |
Name (KV) | (m) | (m) | (m) |
TE-R 1 1 TP-B 11 1 OPGW-11.4mm S500m.wir 1] .5% Wind-350m Creep RS Left S800.00 10.43 2.27 9800.00 10.43
TE-& 1 1 TP-B 11 1 OPGW-11.4mm S500m.wir 0 .5% Wind-350m Creep RS Right 9800.00 -5.93 3 55 2.23
TE-L 2 1 TP-B 12 1 ew-10.05mm S500m.wir 1] .5% Wind-350m Creep RS Left S800.00 5.18 4 80 5.18
TE-R 2 1 TP-B 12 1 ew-10.05mm SO00m.wir Q .5% Wind-350m Creep RS Right S800.00 -9.68 -5.68 55 -2.26
TE-& 5 1 TP-B 15 1 bison_acsr_S500m.wir 0 .5% Wind-350m Creep RS Left 9800.08 15.12 5.05 80 15.12
TE-L 5 2 TP-B 15 2 bison_acsr S500m.wir 4] .5% Wind-350m Creep RS Left Sg00.08 15.82 5.55 80 15.62
TE-R 5 3 TP-B 15 3 Pbison_acsr_SOOm.wir aQ .5% Wind-350m Creep RS Left 9800.08 16.32 6.25 16.32
TE-& 5 1 TP-B 15 1 bison_acsr_S500m.wir 0 .5% Wind-350m Creep RS Right 9800.08 -5.52 -5.52 4.55
TE-R 5 2 TP-B 15 2 bison acsr 500m.wir 220 .5% Wind-350m Creep RS Right 10045.04 5.05 -5.02 5.05
TE-R 5 3 TP-B 15 3 bison acsr SOOm.wir 220 -5% Wind-350m Creep RS Right 10045.04 5.75 -4.32 5.75
TE-L & 1 TP-B 16 1 bison acsr_ 500m.wir 220 .5% Wind-350m Creep RS Left S800.08 5.52 -4.55 5.52
TE-R a 2 TP-B 16 2 bison acsr_S500m.wir 220 .5% Wind-350m Creep RS Left 10045.04 -5.03 -5.05 5.02
TE-& & 3 TP-B 16 3 bison_acsr_S500m.wir 0 .5% Wind-350m Creep RS Left 10045.04 -5.75 -5.75 4.32
TE-L & 1 TP-B 16 1 bison acsr 500m.wir 220 .5% Wind-350m Creep RS Right Sg00.08 -15.12 -15.12 -5.05
TE-R & 2 TP-B 16 2 bison acsr_S00m.wir 220 .5% Wind-350m Creep RS Right 9800.08 -15.62 -15.62 -5.55
TE-& & 3 TP-B 16 3 bison_acsr S500m.wir 220 .5% Wind-350m Creep RS Right 9800.08 -16&.32 -16.32 -6.25
For 0KV wires between structures TP-A, maximum offset is 10.43 (m), the leftmost offset is -9.68 (m), rightmost offset is 10.43 (m)
For 220kV wires between structures TP-&, maximuom offset is 16.32 (m), the leftmost offset is -16.32 (m), rightmost offset is 16.32 (m)
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Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
9 220kV 500m ACSR Strain Max. Wire 331.7 Pa 13.9m
Bison Tension
Blowout Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max | Leftmost-———-- | —————- Rightmost--————— | Notes
Struct Strumct Struect Struct Stromet Struoct Span -age Case Condition From | —--—--—- Blowont-—--—- | Blowont- ] Blowont: 1
Number Set Phase Number Set Phase Cable Description | Station Offset | Station Offset | Station Offset |
File | | | 1
Name (kV) | (m) | (m) | (m) |
TP-& 1 1 TP-B 11 1 OPGW-11.4mm 500m.wir 0 32° 20.5% Wind-350m Creep RS Left oo 25 2.27 S9800.00 10.43
TP-L 1 1 TP-B 11 1 COPGW-11.4mm 500m.wir 0 32° 20.5% Wind-350m Creep RS Right oo g -5.893 8551.25 2.2
TP-R 2 1 TP-B 12 1 ew-10.05mm S00m.wir 0 32° 20.5% Wind-350m Creep RS Left oo .25 -2.24 9300.00 5.18
TP-& 2 1 TP-B 1z 1 ew-10.05mm 500m.wir 0 32° 20.5% Wind-350m Creep RS Right .00 .00 -5.€8 8551.25 -2.26
TP-A 5 1 TP-B 15 1 bison_acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left .08 .0z 4.59 S500.08 12.64
TP-& 5 2 TP-B 15 2 bison_acsr_500m.wir 220 32° 20.5% Wind-350m Creep RS Left .08 .02 5.4%9 9800.08 13.14
TP-L 5 3 TP-B 15 3 bison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left .og .0z £.19 Sg00.08 13.84
TP-R 5 1 TP-B 15 1 bison_acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Right .0z .08 -3.04 10045.02 4.61
TP-& 5 2 TP-B 15 2 bison_acsr_500m.wir 220 32° 20.5% Wind-350m Creep RS Right .02 8 -2.54 10045.02 5.11
TP-A 5 3 TP-B 15 3 bison_acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Right .0z 8 -1.84 10045.02 5.81
TP-& & 1 TP-B 16 1 bison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left .02 .02 -4.61 9800.08 3.04
TP-L & 2 TP-B 1le 2 Dbison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left .0z .0z -5.11 Sg00.08 2.54
TP-R & 3 TP-B 18 3 Dbison_acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Left .0z .0z -5.81 S300.08 1.54
TP-& & 1 TP-B 16 1 bison_acsr_500m.wir 220 32° 20.5% Wind-350m Creep RS Right .08 .08 -12.64 10045.02 -4.,95
TP-A & 2 TP-B 1lg 2 bison_acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Right .08 .08 -13.14 10045.02 -5.4%
TP-A ] 3 TP-B 16 3 bison acsr 500m.wir 220 32° 20.5% Wind-350m Creep RS Right .08 .08 -13.84 10045.02 -6.1%9

For 0KV wires between structures TP-A, maximum offset is 10.43

For 220kV wires between structures TP-4,

{m), the leftmost offset is -9.68

maximum offset is 13.84 (m), the leftmost offset is -13.84
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(m) ,

rightmost offset is 10.43 (m)

{m), rightmost offset is 13.84

(m)




Report Index — 132kV TL Conductor Blowout Reports

SN Voltage Level Conductor Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
o (kV) (m) Attachment (Degrees) (Pa) (m)
1 I-String 30° 357.2 Pa 8.7m

350m
2 V-String N/A 357.2 Pa 7.0m
3 I-String 30° 380 Pa 6.6m
250m
4 V-String N/A 380 Pa 5.0m
5 I-String 30° 402.8 Pa 5.9m
200m
6 132kV ACSR V-String N/A 402.8 Pa 4.23m
Bear
7 I-String 30° 440.8 Pa 5.27m
150m
8 V-String N/A 440.8 Pa 3.6m
9 I-String 30° 357.2 Pa 14.9m
10 500m Strain Max. Tower Tension 357.2 Pa 14.5m
11 Strain Max. Wire Tension 357.2 Pa 11.9m
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
1 132kV 350m ACSR I-String 30° 357.2 Pa 8.7m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | | Leftmost-————— | —- Rightmost————- | Notes
Struct Struct Strumet Strumet Stroet Struct Span -age Case Condition From | 1 Blowont: 1 Blowont: 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-3 1 1 TP-4 1 1 COPGW-11.4mm 350m.wir o 32 Wind-350m Creep RS Left 4,31 T00.00 Q.
TP-3 1 1 TP-4 1 1 OPGW-11.4mm 350m.wir o 32 Wind-350m Creep RS Right -4.31 §75.00 -4,
TP-3 1) 1 TP-4 1) 1 bear acsr 350m.wir 132 32 Wind-350m Creep RS Left g8.45 700.00 3.
TP-3 5 2 TP-4 5 2z bear acsr 350m.wir 132 32 Wind-350m Creep RS Left 8. TO0.00 4.
TP-3 ) 3 TP-4 1) 3 bear_acsr 350m.wir 132 32 Wind-350m Creep RS Left 8. 700.00 4.
TFP-3 5 1 TP-4 5 1 bear acsr 350m.wir 132 32 Wind-350m Creep RS Right 2. §75.00 -2. 2.
TP-3 ) 2 TP-4 1) 2 hEEI:aCSI:350m.WiI 132 32 Wind-350m Creep RS Right 2. 874.85 =-2. 2.
TFP-3 5 3 TP-4 5 3 bear acsr 350m.wir 132 32 Wind-350m Creep RS Right 2. §74.85 -2. 2.
TP-3 [ 1 TP-4 & 1 hEEI:ECSI:35OE.WiI 132 32 Wind-350m Creep RS Left 2 1050.00 -2 2.
TP-3 & 2 TP-4 & 2 bear acsr 350m.wir 132 32 Wind-350m Creep RS Left 2. 1050.00 -2 2.23
TP-3 [ 3 TP-4 & 3 hEEI:ECSI:35OE.WiI 132 32 Wind-350m Creep RS Left 2. 1050.00 =-2. 2.08
TP-3 & 1 TP-4 & 1 bear acsr 350m.wir 132 32 Wind-350m Creep RS Right 8. g§75.15 -8. -3.83
TP-3 [} 2 TP-4 & 2 bear_acsr_350m.wir 132 32 . Wind-350m Creep RS Right 8 875.15 -8 -4.02
TP-3 & 3 TP-4 & 3 bear _acsr_ 350m.wir 132 32° 23.5% Wind-350m Creep RS Right g§75.15 - -4.17

For 0KV wires between structures TP-3, maximum offset is 4.31 (m), the leftmost offset is -4.31 (m), rightmost offset is 4.31 {
For 132kV wires between structures TP-3, maximam offset is 8.6% (m), the leftmost offset is -8.69 (m), rightmost offset is 8.6% (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
2 132kV 350m ACSR V-String N/A 357.2 Pa 7.0m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost—--——- | ————== Rightmost-—--—- | Notes
Struct Strumect Struct Struct Struect Struct Span -age Case Condition From | —--—-—- Blowont---—-—- 1 Blowont: 1 Blowont: 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File I I I I
Name (kV) | (m) | (m) | (m) |
TP-3-V 1 1 TP-4-V 1 1 OPGW—ll.&Hm_350H.wiI aQ Wind-350m Creep RS Left 2775.00 4,31 2600.00 0.16 2775.00 4.
TP-3-V 1 1 TP-4-V 1 1 OPGW-11.4mm 350m.wir 4] Wind-350m Creep RS Right 2775.00 -4.31 2775.00 -4,31 2600.00 -0.
TP-3-V 5 1 TP-4-V 5 1 bear_acsr_BSOn.wir 13z Wind-350m Creesp RS Left 2775.00 6.8 2950.00 2.32 2775.00 6.
TP-3-V 5 2 TP-4-V 5 2 bear_ acsr 350m.wir 132 Wind-350m Creep RS Left 2775.00 6.92 2950.00 2.40 2775.00 &.
TP-3-V E 3 TP-4-V E 3 bear_acsr_SSOm.wir 132 Wind-350m Creep RS Left 2775.00 7.04 2950.00 2.52 2775.00 7.
TE-3-V = 1 TP-4-V = 1 bear acsr 350m.wir 132 Wind-350m Creep RS Right 2950.00 2.32 2775.00 -2.20 2950.00 2.
TP-3-V 5 2 TP-4-V 5 2 bear:acsr:350n.wir 132 Wind-350m Creep RS Right 2950.00 2.40 2775.00 -2.11 2950.00 2.
TP-3-V 5 3 TP-4-V 5 3 bear_acsr_BSOn.wir 13z Wind-350m Creesp RS Right 2950.00 2.52 2775.00 -1.59%9 2950.00 2.
TP-3-V & 1 TP-4-V & 1 bear_ acsr 350m.wir 132 Wind-350m Creep RS Left 2950.00 -2.32 2950.00 -2.32 2775.00 2
TP-3-V 6 2 TP-4-V 6 2 bear_acsr_SSOm.wir 132 Wind-350m Creep RS Left 2%50.00 -2.40 2850.00 -2.40 2775.00 2.
TE-3-V & 3 TP-4-V & 3 kbear acsr 350m.wir 132 Wind-350m Creep RS Left 2950.00 -2.52 2950.00 -2.52 2775.00 1.99
TP-3-V 6 1 TP-4-V 6 1 bear_acsr_BSOn.wir 132 Wind-350m Creep RS Right 2775.00 -6.8 2775.00 -6.8 2850.00 -2.32
TP-3-V & 2 TP-4-V & 2 bear_acsr_BSOn.wiI 132 Wind-350m Creep RS Right 2775.00 -@. 2775.00 -6.52 2550.00 -2.40
TP-3-V & 3 TP-4-V & 3 bear_ acsr 350m.wir 132 Wind-350m Creep RS Right 2775.00 -7 2775.00 -7.04 2850.00 -2.52

For 0kV wires between structures TP-3-V,
For 132kV wires between structures TP-3-V,
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
3 132kV o5om | ACSR I-String 30° 380 Pa 6.6m
Bear

Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | ] Leftmost—-————- 1

Struot Strumect Strumet Stromet Strumet Strumot Span -age Case Condition From | ] Blowont 1

Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station offset |

File | | | |
Name (kV) | (m) | (m) | (m) |

TP-8 1 1 TP-2 1 1 COPGW-11.4mm 250m.wir 0 32° 25% Wind-250m Creep RS Left 4425.15 2.34 4300.00 0.16 4425.15 Z.34
TP-8 1 1 TE-% 1 1 OPGW-11.4mm 2Z50m.wir 0 32° 25% Wind-250m Creep RS Right 4425.15 -Z.34 4425.15 -Z.34 4300.00 -0.1¢6
TP-8 5 1 TE-% 5 1 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Left 4425.30 6.43 4300.00 3.83 4425.30 6.43
TP-8 5 e TE-% 5 2 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Left 4425.30 6.52 4300.00 4.02 4425.30 6.52
TP-8 5 3 TE-% 5 3 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Left 4425.30 6.67 4300.00 4.17 4425.30 6.67
TP-8 5 1 TE-% 5 1 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Right 4550.00 z2.21 4424.85 -0.28 4550.00 2.21
TP-8 5 e TE-% 5 2 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Right 4550.00 Z.30 4424.85 -0.20 4550.00 2.30
TP-8 5 3 TE-% 5 3 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Right 4550.00 2.46 4424.70 -0.04 4550.00 2.4
TP-8 & 1 TP-9 & 1 bear_acsr_250m.wir 132 32° 25% Wind-250m Creep RS Left 4550.00 -2.21 4550.00 -2.21 4424.85 0.29
TP-8 & 2 TE-9 & 2 bear acsr 250m.wir 132 32 ? 25% Wind-250m Creep RS Left 4550.00 -2.30 4550.00 -2.30 4424 .85 0.20
TP-8 & 3 TE-9 & 3 bear acsr 250m.wir 132 32 ? 25% Wind-250m Creep RS Left 4550.00 -2.4¢ 4550.00 -2.46 4424.70 0.04
TP-8 & 1 TP-9 & 1 bear acsr_ 250m.wir 132 32° 25% Wind-250m Creep RS Right 4425.30 -6.43 4425.30 —-6.43 4300.00 -3.93
TP-8 & 2 TE-9 & 2 bear acsr_250m.wir 132 32° 25% Wind-250m Creep RS Right 4425.30 -6.52 4425.30 -6.52 4300.00 -4.02
TP-8 & 3 TE-% & 3 bear acsr_250m.wir 132 32° 25% Wind-250m Creep RS Right 4425.30 -6.6T7 4425.30 -6.67 4300.00 -4.17

For 0kV wires between structures TP-8, maximum offset is 2.34 (m), the leftmost offset is -2.34 (m), rightmost offset is 2.34 (m)

For 132kV wires ketween structures TP-8, maximum offset is €.67 (m), the leftmost offset is -6.67 (m), rightmost offset is 6.67 (m)
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Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
4 132kV o5om | ACSR V-String N/A 380 Pa 5.0m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost——--—- | ——- Rightmost--——--- | Notes
Struct Strumet Struoct Struet Struct Struct Span -age Case Condition From | -——-- Blowont--—-—-— 1 Blowont 1 Blowont |
Number Set Phase Number Set Phase Cable Description | Station Offset | Station Offset | Station Offset
File | I I |
Name (kV) | (m) I (m) I (m}) |
1 1 TpP-5-V 1 1 OPGW—ll.‘irm._ZSClrr..wiI 0 32° 25% Wind-250m Creep RS Left 5925.15 2.34 5800.00 Q.16 5925.15 2.
1 1 TP-9-V 1 1 OPGW—ll.ﬂrm._ESClrr..wi:r 0 32° 25% Wind-250m Creep RS Right 5825.,15 -2.34 5825.15 -2.34 5800.00 -0.
5 1 TP-9-V 5 1 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Left 5925.00 4, €050.00 2.32 5925.00 4,
5 2 TP-9-V 5 2 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Left 5925.00 4, €050.00 2.40 5925.00 4,
5 3 TP-5-V 5 3 bear_acs::_ESClm.wi:r 132 32° 25% Wind-250m Creep RS Left 5925.00 5. €050.00 2.52 EG825.00 5.
) 1 TpP-5-V ) 1 bear_acsr_ESOm.wiI 132 32° 25% Wind-250m Creep RS Right 6050.00 2.32 5925.00 -0.17 6050.00 2.
1) 2 TP-9-V 1) 2 bear_acsz_EBOn‘..wiI 132 32° 25% Wind-250m Creep RS Right 6050,00 2.40 5925.00 -0.08 6050.00 2.
5 3 TP-9-V 5 3 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Right 6050.00 2.52 5925.00 6050.00 2.
& 1 TP-9-V & 1 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Left 6050.00 -2.32 €050.00 5925.00 a.
) 2 TP-9-V ) 2 bear_acsI_ZSOrr.wiI 132 32° 25% Wind-250m Creep RS Left E6050.00 -2.40 6050.00 54825.00 0.
& 3 TP-5-V & 3 bear_acs::_ZSClm.wi:r 132 32° 25% Wind-250m Creep RS Left €050.00 -2.52 6050.00 £5825.00 —0.
& 1 TP-5-V & 1 beaI_acsI_ESClrr..wiI 132 32° 25% Wind-250m Creep RS Right 5925.00 5925.00 6050.00 -2.
& 2 TP-9-V & 2 bear_acsz_ESOm.wiI 132 32° 25% Wind-250m Creep RS Right 5925.00 5925.00 6050.00 -2.
& 3 TP-9-V & 3 bear acsr 250m.wir 132 32° 25% Wind-250m Creep RS Right 5925.00 5925.00 6050.00 -2.

For OkKV wires between structures TP-8-V, maximum offset is
For 132kV wires between structures TP-85-V, maximum offset

2.34 (m), the leftmost offset is -2.34

185

(m), rightmost offset is 2.34 (m)
is 5.01 (m), the leftmost offset is -5.01 (m), rightmost offset is 5.01

(m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
5 132kV 200m ACSR I-String 30° 402.8 Pa 5.9m
Bear
Blowout Report
Start Start Start End End End Ahead WVolt Weather Cable Wind | Max: 1 Leftmost--———- | - Rightmost---———- | Notes
Struet Strumet Stromet Strmet Strmet Struocot Span -age Case Condition From | -----Blowont-———- | Blowont: 1 Blowont: |
Number Set Phase Number S5et Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File | | | |
Name (KV) | (m) | (m) | (m) |
TP-18 1 1 TP-1% 1 1 OPGW-11.4mm Z200m.wir Wind-200m Creep RS Left 12550.15 1l.62 12450.00 0.17 12550.15
TP-18 1 1 TP-19 1 1 OPGW—ll.QHHZEOOH.wiI Wind-200m Creep RS Right 12550.15 -1.&2 12550.15 -1.62 12450.00
TP-18 5 1 TP-1% 5 1 bear acsr Z00m.wir Wind-200m Creep RS Left 12550.46 5.65 12450.00 3.83 12550.46
TP-18 5 2 TP-19 5 2 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Left 12550.46 5.7 12450.00 4.02 12550.46
TP-18 5 3 TP-1% 5 3 bear acsr Z00m.wir Wind-200m Creep RS Left 12550.46 5 12450.00 4.17 12550.46
TP-18 5 1 TP-19 5 1 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Right 12650.00 2. 12549.70 0.49 12650.00
TP-18 5 2 TP-1% 5 2 bear acsr Z00m.wir Wind-200m Creep RS Right 12650.00 2. 12549.54 0.5%9 12650.00
TP-18 5 3 TP-19 5 3 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Right 12650.00 2. 12549.54 0.74 12650.00
TP-18 & 1 TP-1% & 1 bear acsr Z00m.wir Wind-200m Creep RS Left 12650.00 -2. 12650.00 -2.21 12545.70
TP-18 & 2 TP-19 & 2 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Left 12650.00 -2. 12650.00 12545.54
TP-18 & 3 TP-1% & 3 bear acsr Z00m.wir Wind-200m Creep RS Left 12650.00 -2. 12650.00 12545.54
TP-18 & 1 TP-19 & 1 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Right 125E50.486 -5. 12550.46 12450.00
TP-18 & 2 TP-1% & 2 bear acsr Z00m.wir Wind-200m Creep RS Right 12550.46 -5.7 12550.46 12450.00
TP-18 & 3 TP-19 & 3 hEaI:aCSI:EOOH.WiI Wind-200m Creep RS Right 125E50.486 -5.¢ 12550.46 12450.00

For OkV wires between structures TP-18, [
For 132kV wires between structures TP-18, maximum offset is 5.89 (m), the leftmost offset is -5.

maximum offset is 1.62

m), the leftmost offset is -1.62
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(m) ,

rightmost offset is 1.62 |
rightmost offset is 5.8% (m)

m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
6 132kV 200m ACSR V-String N/A 402.8 Pa 4.2m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost———--- | —--- Rightmost----—— | Notes
Strnct Strumet Strmet Stroet Strumeot Strumet Span -age Case Condition From | —----- Blowont-----— 1 Blowont 1 Blowont
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File | | | |
Name (KV) | (m) | (m) | (m) |
TP-18-V 1 1 TP-19-V 1 1 CPGW-11.4mm 200m.wir Wind-200m Cresp RS Left 13850.15 l.62 13750.00 0.17 13850.15 1l.82
1 1 TP-19-V 1 1 OPGW-11.4mm 200m.wir Wind-200m Creesp RS Right 13850.15 -1.&2 13850.15 -1.82 13750.00 -0.17
5 1 TP-19-V 5 1 bear acsr_ 200m.wir Wind-200m Creep RS Left 13850.00 4.03 13950.00 2.32 13850.00 4.03
TP-18-V 5 2 TP-19-V 5 2 bear_ acsr_200m.wir Wind-200m Creep RS Left 13850.00 4.12 13950.00 2.40 13850.00 4.12
TP-18-V 5 3 TE-15%-V 5 3 bear acsr 200m.wir Wind-200m Creesp ER3 Left 13850.00 4.24 135%50.00 2.52 13850.00 4.24
TP-18-V 5 1 TP-19-V 5 1 bear acsr_ 200m.wir Wind-200m Cresp R3S Right 13950.00 2.32 13850.00 0.6 13950.00 2.32
TP-18-V 5 2 TP-19-V 5 2 bear acsr 200m.wir Wind-200m Creesp RS Right 13950.00 2.40 13850.00 0.89 13950.00 2.40
TP-18-V 5 3 TP-19-V 5 3 bear acsr_ 200m.wir Wind-200m Creep RS Right 13950.00 2.52 13850.00 0.81 13950.00 2.52
TP-18-V & 1 TP-19-V 8 1 bear_acsr_200m.wir Wind-200m Creep RS Left 13950.00 -2.32 13950.00 -2.32 13850.00 -0.80
TP-18-V & 2 TP-139-V & 2 bear_acsr_200m.wir Wind-200m Creep R3 Left 13950.00 -2.40 13950.00 -2.40 13850.00 -0.6%9
TP-18-V a 3 TE-19-V & 3 bear acsr 200m.wir Wind-200m Cresp R3S Left 13950.00 -2.52 13950.00 -2.52 13850.00 -0.81
TP-18-V 8 1 TP-19-V & 1 bear acsr 200m.wir Wind-200m Cresp RS Right 13850.00 -4.03 13850.00 -4.03 13950.00 2.32
TP-18-V & 2 TP-19-V & 2 bear acsr 200m.wir Wind-200m Creesp RS Right 13850.00 -4.12 13850.00 -4.12 13950.00 -2.40
TP-18-V & 3 TP-19-V & 3 bear acsr_ 200m.wir Wind-200m Creep RS Right 13850.00 -4.24 13850.00 -4.24 13950.00 -2.52
For 0KV wires between structures TP-15-V, maximum offset is 1.62 (m), the leftmost offset is -1.62 (m), rightmost offset is 1.62 (m)

For 132EV wires between structures TP-18-V,

maximam offset is 4.24 (m), the leftmost offset is -4.24
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rightmost offset is 4.24

(m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
7 132kV 150m ACSR I-String 30° 440.8 Pa 5.27m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost---———— | —- Rightmost----—- | Notes
Strunct Strumet Struct Struet Struet Struct Span -age Case Condition From | ---—- Blowont—-—-—- 1 Blowont 1 Blowont |
Number Set Phase Number Set Phase Cable Description | Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-13 1 1 TP-14 1 1 CPGW-11.4mm 150m.wir 0 32° 29% Wind-150m Creep RS Left T175.46 1.06 T7100.00 0.17 T175.46 1.06
TP-13 1 1 TP-14 1 1 OPGW-11.4mm 150m.wir 0 32° 29% Wind-150m Creep RS Right T7175.46 -1.06 T7175.46 -1.086 T7100.00 -0.17
TP-13 5 1 TP-14 5 1 bear_acsr_150m.wir 132 32° 29% Wind-150m Creep RS Left T7176.07 5.03 7100.00 3.93 T7176.07 5.03
TP-13 5 2 TP-14 5 2 bear acsr 150m.wir 132 32° 29% Wind-150m Creep RS Left T7175.91 5.12 7100.00 4.02 T7175.91 5.12
TP-13 5 3 TP-14 5 3 bear acsr 150m.wir 132 32° 29% Wind-150m Creep RS Left T175.91 5.27 T7100.00 4.17 T7175.91 5.27
TP-13 5 1 TP-14 5 1 bear acsr_ 150m.wir 132 32° 29% Wind-150m Creep RS Right T250.00 2.21 T7174.54 1.13 7250.00 2.21
TP-13 5 2 TP-14 5 2 bear acsr_ 150m.wir 132 32° 29% Wind-150m Creep RS Right T250.00 2.31 T7174.39 1.23 T7250.00 2.31
TP-13 5 3 TP-14 5 3 bear_acsr_150m.wir 132 32° 29% Wind-150m Creep RS Right 7250.00 2.48 T7174.09 1.38 T7250.00 2.48
TP-13 & 1 TP-14 [ 1 bear_acsr_150m.wir 132 32° 29% Wind-150m Creep RS Left 7250.00 -2.21 7250.00 -z2.21 T7174.54 -1.13
TP-13 & 2 TP-14 [ 2 bear acsr 150m.wir 132 32° 29% Wind-150m Creep RS Left 7250.00 -2.31 T7250.00 -2.31 T7174.39 -1.23
TP-13 & 3 TP-14 [ 3 bear acsr 150m.wir 132 32° 29% Wind-150m Creep RS Left 7250.00 -2.48 T7250.00 -2.48 T7174.09 -1.38
TP-13 & 1 TP-14 [ 1 bear acsr_ 150m.wir 132 32° 29% Wind-150m Creep RS Right 7176.07 -5.03 T7176.07 -5.03 T7100.00 -3.9
TP-13 ] 2 TP-14 [ 2 bear acsr_ 150m.wir 132 32° 29% Wind-150m Creep RS Right T7175.31 -5.12 T175.31 -5.12 T7100.00 -4.02
TP-13 & 3 TP-14 [ 3 bear acsr_ 150m.wir 132 32° 29% Wind-150m Creep RS Right T7175.91 -5.27 7175.91 -5.27 T7100.00 -4.17

For OkKV wires between structures TP-13,
For 132kV wires between structures TP-13,

maximum offset is
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maximum offset is 1.06 (m), the leftmost offset is -1.06 (m), rightmost offset is 1.06 (m)
5.27 (m), the leftmost offset is -5.27 (m), rightmost offset is 5.27

(m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
8 132kV 150m ACSR V-String N/A 440.8 Pa 3.6m
Bear
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost-—---—-—- | —- Rightmost-———--— | Hotes
Struect Struet Stromet Strumet Strumet Struct Span -age Case Condition From | --Blowont----—- | Blowont: 1 Blowont- 1
Number S=t Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (kV) | (m) | (m) | (m) |
TP-13-V 1 1 TP-14-V 1 1 CPGW-11.4mm 150m.wir Q Wind-150m Creep RS Left 8275.46 1.08 8200.00 0.17 1.06
TP-13-V 1 1 TP-14-V 1 1 OPGW-11.4mm 150m.wir Q Wind-150m Creep RS Right §275.46 -1.086 8275.46 -1.06 -0.17
TP-13-V 5 1 TP-14-V 5 1 bear acsr 150m.wir 132 Wind-150m Creep RS Left 8275.00 3.38 £350.00 2.32 3.38
TP-13-V 5 2 TP-14-V 5 2 bear acsr 150m.wir 132 Wind-150m Creep RS Left §275.00 3.47 §350.00 2.40 3.47
TP-13-V 5 3 TP-14-V 5 3 hEEI:ECSI:15OH.WiI 132 Wind-150m Creep RS Left 8275.00 3.58 8350.00 2.52 3.59
TP-13-V 5 1 TP-14-V 5 1 bear acsr 150m.wir 132 Wind-150m Creep RS Right §350.00 2.32 8275.00 1.25 2.32
TP-13-V 5 2 TP-14-V 5 2 hEEI:ECSI:15OH.WiI 132 Wind-150m Creep RS Right 8350.00 2.40 8275.00 1.34 2.40
TP-13-V 5 3 TP-14-V 5 3 bear acsr_ 150m.wir 132 Wind-150m Creep RS Right §350.00 2.52 8275.00 1.46 2.52
TP-13-V 3 1 TP-14-V 3 1 bear_acsr_ 150m.wir 132 Wind-150m Creep RS Left §350.00 -2.32 §350.00 -2.32
TP-13-V a 2 TP-14-V [ 2 bear_acsr 150m.wir 132 Wind-150m Creep RS Left 8350.00 -2.40 §350.00 -2.40
TP-13-V 3 3 TP-14-V 3 3 bear_acsr_ 150m.wir 132 Wind-150m Creep RS Left §350.00 -2.52 §350.00 -2.52
TP-13-V 8 1 TP-14-V [ 1 bear acsr 150m.wir 132 Wind-150m Creep RS Right 8275.00 -3.38 8275.00 -3.38
TP-13-V 3 2 TP-14-V 3 2 bear_acsr_ 150m.wir 132 Wind-150m Creep RS Right §275.00 -3.47 §275.00 -3.47
TP-13-V 8 3 TP-14-V [ 3 bear acsr 150m.wir 132 Wind-150m Creep RS Right 8275.00 -3.58 8275.00 -3.59

For OkV wires between structures TP-13-V,

For 132kV wires between structures TP-13-V,
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maximum offset is 1.06 (m), the leftmost offset is -1.06 (m), rightmost offset is 1.06 (m)
maximaom offset is 3.59 (m), the leftmost offset is -3.59 (m), rightmost offset is 3.58

(m)




Voltage Level Span Type of Insulator Swing Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor
(kV) (m) Attachment (Degrees) (Pa) (m)
9 132kV 500m ACSR I-String 30° 357.2 Pa 14.9m
Bear

Blowout Report

Start Start Start End End End Ahead Volt Weather Cable Wind | Max. 1 Leftmost-———-— | —————- Rightmost----—-- | Hotes
Struet Struet Strmet Stromet Struoet Strumet Span -age Case Condition From | —--—--- Blowont---——- 1 Blowont: ] Blowont: 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset |

File | | | |
Name (kV) | (m) | (m) | (m) |

TE-C 1 1 TE-D 1 1 CPGW-11.4mm 500m.wir -5% Wind-350m Creep RS Left 11050.00 10800.00

TP-C 1 1 TP-D 1 1 OPGW-11l.4mm 500m.wir .5% Wind-350m Creep R3 Right 10800.00 11050.00

TP-C E 1 TP-D 5 1 bear_acsr 500m.wir .5% Wind-350m Creep RS Left 11050.00 10800.00

TP-C 5 2 TE-D 5 2 bear_acsr_ 500m.wir .5% Wind-350m Creep RS Left 11050.00 10800.00

TP-C E 3 TE-D 5 3 bear acsr 500m.wir .5% Wind-350m Creep RS Left 11080.00 10800.00

TP-C 5 1 TP-D 5 1 bear_acsr_sOOm.wir -5% Wind-350m Creep RS Right 10800.00 11050.00

TE-C 5 2 TP-D 5 2 bear acsr 500m.wir .5% Wind-350m Creep RS Right 10800.00 7 11050.00

TP-C 5 3 TP-D 5 3 bear acsr S00m.wir -5% Wind-350m Creep RS Right 10800.00 -8.31 11050.00

TE-C & 1 TP-D & 1 bear_acsr 500m.wir .5% Wind-350m Creep RS Left 11050.00 -2.1& 10800.00

TP-C & 2 TP-D & 2 bear acsr 500m.wir -5% Wind-350m Creep RS Left 11050.00 -2.25 10800.00

TE-C & 3 TP-D & 3 hear:acsr:SOOn'.wir .5% Wind-350m Creep RS Left 11050.00 -2.40 10800.00

TE-C & 1 TE-D 8 1 bear acsr 500m.wir -5% Wind-350m Creep R3S Right 10800.00 -14.86% 11050.00

TE-C & 2 TP-D & 2 hear:acsr:SOOn'.wir .5% Wind-350m Creep RS Right 10800.00 -14.77 11050.00

TE-C & 3 TE-D 8 3 bear_acsr_ S500m.wir -5% Wind-350m Creep R3S Right 10800.00 -14.52 11050.00
For OkV wires between structures TP-C, maximum offset is 11.11 (m), the leftmost offset is -11.11 (m), rightmost offset is 11.11 (m)
For 132KV wires between structures TP-C, maximum offset is 14.9%92 (m), the leftmost offset is -14.%2 (m), rightmost offset is 14.9%2 (m)

190




Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
10 132kV 500m ACSR Strain Max. Tower 357.2 Pa 14.5m
Bear Tension
Blowont Report
Start Start Start End End End Ahead Volt Weather Cable Wind | Max: 1 Leftmost———-—- | ————== Rightmost--—-——- | Notes
Struct Strumct Struet Struet Stromet Struoet Span -age Case Condition From | ----- Blowont-—---—— 1 Blowont- 1 Blowont- 1
Number Set Phase Number Set Phase Cable Description 1 Station Offset | Station Offset | Station Offset
File I I I I
Hame (kV) I (m) I (m) I (m) I
TP-R 1 1 TP-B 11 1 OPGW-11.4mm 500m.wir 0 32° 23.5% Wind-350m Creep RS Left S800. 10048.75 0.02 ] 10.84
TP-L 1 1 TP-B 11 1 OPGW—ll.4nm_500m.wiI 0 32° 23.5% Wind-350m Creep RS Right Q800, Q800,00 -10.84 .75 -0.02
TP-A 1) 1 TP-B 5 1 bear acsr s00m.wir 132 32° 23.5% Wind-350m Creep RS Left Q802. 10050,02 3.82 .00 14.37
TP-L 5 2 TP-B 5 el beaI_acsI_SOOm.wiI 132 32° 23.5% Wind-350m Creep RS Left S802. 10050.02 3.82 oo 14.47
TP-R 5 3 TP-B 5 3 beaI_aCEI_SOOm.wiI 132 32 23.5% Wind-350m Creep RS Left 9802, 10050.02 4.17 .00 14.52
TP-R 5 1 TP-B 5 1 bear_acsr 500m.wir 132 32° 23.5% Wind-350m Creep RS Right Sg02. 8802.00 -7.07 .02 3.48
TP-A ) 2 TP-B 5 2 bear_acsr_SOOm.wiI 132 32° 23.5% Wind-350m Creep RS Right sg02. Q802,00 -6.97 .02 3.58
TP-R 5 3 TP-B 5 3 bear_acsr 500m.wir 132 32° 23.5% Wind-350m Creep RS Right Sg02. 8802.00 -6.72 .02 3.83
TP-A & 1 TP-B 16 1 bear_acsr_500m.wi1 132 32° 23.5% Wind-350m Creep RS Left Q9800. 1004&.02 —3.4s8 .00 6.
TP-R & 2 TP-B 16 2 bear acsr 500m.wir 132 32° 23.5% Wind-350m Creep RS Left S800. 10046.02 -3.58 ] &.
TP-L & 3 TP-B 16 3 beaI_acsI_SOOm.wiI 132 32° 23.5% Wind-350m Creep RS Left S800. 1004g.02 -3.83 oo
TP-R & 1 TP-B 16 1 bear acsr 500m.wir 132 32° 23.5% Wind-350m Creep RS Right 9800, Q800,00 -14.17 .02
TP-L ) 2 TE-B 16 2 hEEI:ECEI:5OOE.WiI 132 32° 23.5% Wind-350m Creep RS Right S9800.00 -14.27 S800.00 -14.27 .0z
TP-R & 3 TP-B 18 3 bEaI_acsI_SOOm.wiI 132 32° 23.5% Wind-350m Creep RS Right S800.00 -14.52 S800.00 -14.52 .02

For 0kV wires between structures TP-&, maximum offset is 10.84

For 132kV wires between structures TP-4,

maximum offset is 14.52

(m),

(m) ,

the leftmost offset is -10.84
the leftmost offset is -14.52

(m) ,
(m) ,
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rightmost offset is 10.84

rightmost offset is 14.52

(m)

(m)




Voltage Level Span Type of Wind Pressure Maximum Blowout from Tower Center Point
S.N. Conductor Case
(kV) (m) Attachment (Pa) (m)
11 132kV 500m ACSR Strain Max. Wire 357.2 Pa 11.9m
Bear Tension
Blowout Report
Start Start Start End End End Ahead Volt Weather Cable Wind | 1 Leftmost-——--—-- | —————- Rightmost---———- | Hotes
Struct Stromet Strmet Strmet Strmet Struet Span -age Case Condition From | 1 Blowont: | Blowont: 1
Number S5et Phase Number S5et Phase Cable Description 1 Station Offset | Station Offset | Station Offset |
File | | | |
Name (KV) | (m) | (m) | (m) |
TF-R 1 1 TIP-B 11 1 OPGW-11.4mm S500m.wWir Wind-350m Creep R3S Left 9800.00 T.56 .00 7.56
TP-L 1 1 TP-B 11 1 OPGW-11.4mm S500m.wir Wind-350m Creep RS Right 0.00 -7.56 .75 -0.02
TF-A 5 1 TP-B 5 1 bear acsr S00m.wir Wind-350m Creep RS Left 2.00 1l.e4 .00 11.64
TP-A 1) 2 TP-B E 2 bear_acsr 500m.wir Wind-350m Creep RS Left 2.00 11.74 .00 11.74
TF-A 5 3 TP-B 5 3 bear_acsr_S00m.wir Wind-350m Creep RS Left 2.00 11.%90 .00 11.%0
TP-A 1) 1 TP-B E 1 bear_acsr 500m.wir Wind-350m Creep RS Right 2.00 -4.34 .01 3.52
TP-A 5 2 TP-B 5 2 bear_acsr_ 500m.wir Wind-350m Creep RS Right 2.00 -4.24 .01 3.62
TP-2& 1) 3 TP-B E 3 bear_acsr 500m.wir Wind-350m Creep RS Right 2.00 -3.99 -3.9%9 10050,.01 3.87
TP-2& 3 1 TP-B 16 1 bear_acsr_S500m.wir Wind-350m Cresp RS Left 0.00 4.21 -3.52 9800.00 4.21
TP-2& & 2 TP-B 16 2 bear_acsr 500m.wir Wind-350m Creep RS Left -3.62 9800.00 4,11
TP-A & 3 TP-B 1& 3 bear_acsr_ 500m.wir Wind-350m Creep RS Left -3.87 5800.00 3.86
TP-2& & 1 TP-B 16 1 bear_acsr 500m.wir Wind-350m Creep RS Right -11.51 9E5E53.99
TP-A [} 2 TP-B 16 2 bear_acsr_ 500m.wir Wind-350m Creep RS Right -11.61 9553.99
TE-2 & 3 TP-B 16 3 bear_acsr S500m.wir Wind-350m Creep RS Right -11.86 9553.%99
For OkV wires between structures TP-A, maximum offset is 7.56 (m), the leftmost offset is -7.56 (m), rightmost offset is 7.56 (m)
For 132kV wires between structures TP-A, maximum offset is 11.5% (m), the leftmost offset is -11.86 (m), rightmost offset is 11.9 (m)
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APPENDIX- G: PLANTATION CORRIDOR
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RIGHT OF WAY = 18m

Figure-1: Allowable Tree Heights and Plantation Corridor for 132kV TL @18m ROW
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Sonstrution Coeridpe PLANTATION Congtrugtion Corridor
|e——— PLANTATION CORRIDOR = 6.45m —e {3.5m} |— CoRFIDOR (3.5m) ———— FLANTATION CORRIDOR = 6.45m ——=]
=34m

OF WY =

Figure-2: Allowable Tree Heights and Plantation Corridor for 132kV TL @23m ROW
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Figure-3: Allowable Tree Heights and Plantation Corridor for 220kV TL @30m ROW
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Figure-4: Allowable Tree Heights and Plantation Corridor for 400kV TL @46m ROW
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APPENDIX- H: PUBLICATION
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Assessment of Right of Way and Electric Field and

Magnetic Field of High Voltage Overhead
Transmission Lines in Nepal

Bibek Rai
Department of Electrical Engineering
Pulchowk Campus, Tribhuvan University
Lalitpur, Nepal
007bibek.rai@gmail.com

Abstract - The existing Right of Way (ROW) practices for
high voltage overhead transmission lines (HVTLSs) in Nepal are
based on the voltage level and are considered the same values
irrespective of design span lengths, type of conductor and tower
configurations. There is not any established practice and
approach for estimating the electric and magnetic fields of
HVTLs. The study focuses on modeling the HVTLs in PLS-
CADD and assessing the ROW requirements for standard
design spans, considering both I-string and V-string suspension
insulators. Further, the electric and magnetic field profiles
below the HVTLs are generated at 1.8m height above ground to
estimate the maximum values below the line and at the edge of
ROW. The result suggests that the existing practice of 46m and
30m ROW for 400kV and 220kV TL for standard design spans
are sufficient and the use of V-string insulators could help
reduce the ROW requirement by as much as 17%. However, it
is revealed that the existing practice of 18m ROW for 132kV TL
is not sufficient for both I-string and with V-string insulators.
The electric and magnetic fields during maximum sag no wind
conditions are found to be within the recommended limits by the
International Commission on Non-lonizing Radiation
Protection (ICNIRP) at 1.8m above the ground. The research
results can provide a basis for determining ROW and estimating
the electric and magnetic field of HVTLs in Nepal.

Keywords - Right of Way, Electric Field, Magnetic Field, High
Voltage Overhead Transmission Lines

l. INTRODUCTION

Overhead AC transmission lines are predominant in Nepal
and with the increasing generation capacity, integration of
renewables and distributed energy resources, increasing local
energy demand and the possibility of cross-border energy sale,
the requirements for high voltage AC transmission lines
(HVTLs) will be more than ever. The Nepalese transmission
network is composed of 400kV, 220kV, 132kV and 66kV
single circuit and double circuit transmission lines. There are
many transmission line projects under construction and many
more under feasibility study and design phase [1].

Transmission line projects affect forest areas and local
communities, particularly villagers whose lands are used for
the construction of transmission towers and the installation of
conductors. These projects also impact natural resources, such
as crops and trees, especially when the transmission lines pass
through agricultural or forested areas.

The Right of Way (ROW), also called Transmission
Corridor, is a minimum safety corridor around power lines to
meet the requisite safety clearances as well as the electric and
magnetic field exposure limits. This strip of land is also
required by utilities for constructing, maintaining and

Dr. Basanta Kumar Gautam
Department of Electrical Engineering
Pulchowk Campus, Tribhuvan University
Lalitpur, Nepal
basanta.gautam@pcampus.edu.np

Dr. Netra Prasad Gyawali
Department of Electrical Engineering
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protecting its transmission lines. The ROW of transmission
lines mainly depends upon voltage, span length, type and size
of conductor, wind speed, structure configuration, altitude,
electric and magnetic fields [2].

The electric and magnetic field below the line and at the
edge of the ROW is also a governing factor while estimating
the ROW requirement of HVTLs because of their expected
biological effects on the human body [3] [4].

The electric field is produced by voltage, and the magnetic
field is produced by current. The electric and magnetic fields
are coupled — therefore related to each other — when the
distance to the source is much larger than the wavelength.
However, when the wavelength is much larger, they are un-
coupled and the effects of each should be considered
separately. For low frequency fields, as is the case with power
systems, the wavelength is about 3,100 miles and much larger
than the typical distance of concern from the source, and
therefore, the two are un-coupled. When electric and magnetic
fields are coupled, they are referred to as electromagnetic
fields; when they are not coupled, they are referred to as
electric fields and magnetic fields [5].

Currently, there is not any established practice and
approach in Nepal for estimating the ROW and electric and
magnetic field limits. Also, there is not any provision for
safety limits. The ROW requirement is governed by the
physical electrical clearance requirements during swing
conditions as well as electric and magnetic fields generated
from the HVTLs, and these could vary depending upon the
design span, type of conductor, tower configuration and
terrain. The transmission line traverses for a long distance and
is within the vicinity of the public. Therefore, it is crucial that
the conductor blowouts, electric and magnetic field values
around these transmission lines are determined/estimated and
kept within the acceptable limits and sufficient ROW is
maintained.

In this study, the ROW requirements of HVTLs, viz.
400kV, 220kV and 132kV for standard spans considering I-
string and V-string suspension insulators are assessed
considering the standard tower framings and design criteria
for HVTLs in Nepal. Further, the electric and magnetic fields
below the line and at the edge of the ROW are assessed.

Il. BACKGROUND

A. Existing Provisions in Nepal

The current provisions, rules and regulations governing
ROW for HVTLs in Nepal as per Electricity Rules 2050 are
as follows [6]:



1) Rule 48 — Minimum distance from ground to the
electric wire

a) The distance between the electric wire of different
volts of the distribution and transmission system and the
ground shall not be less than values as shown in Table I.

b) In cases where an electric line is to be installed by the
side of the road or along it, it shall be done by adopting
appropriate technological measures.

c) Ifitisnecessary to install an electric line of more than
33,000 volts, it shall be done by adding 0.305 meter for each
33,000 volts on the distance as prescribed for 33,000 volts in
Table I.

2) Rule 50 — Distance to be maintained on either side of
the electric line

a) While installing an electric line of distribution and
transmission system, it shall not be installed in a distance
lower than the distance as prescribed in Table 1l from the
house or tree.

b) Ifitis necessary to install an electric line of more than
33,000 volt, it shall be done by adding 0.305 meter for each
33,000 volts on the distance as prescribed for 33,000 volts in
Table Il. While determining the minimum distance as above,
maximum deflection of wire arising due to air pressure shall
be considered.

While the Act and Regulations stipulate general safety
requirements, they do not provide detailed specifications for
ROW dimensions or electric and magnetic field limits.

The existing practice of ROW for HVTLs in Nepal is as
shown in Table Ill. These values are based on voltage level
and considered as fixed, irrespective of design span lengths,
type of conductors and tower configurations.

TABLE I SCHEDULE 12 OF ELECTRICITY RULES (2050)

Standard Voltage While On the side In Other

of Electricity Crossing the of Road Places

(Volts) Road (m) (m) (m)

In between 230/400

and 11,000 5.8 55 4.6

In between 11,000

and 33,000 61 58 52
TABLE Il SCHEDULE 13 OF ELECTRICITY RULES (2050)
Standard Voltage of Minimum Distance to be from

Electricity (Volts) House or Tree (m)

Standard 230/400 to 11,000 1.25
From 11,000 to 33,000 2.00
TABLE III. EXISTING PRACTICE OF ROW FOR HVTLs
Voltage Level Right of Way Number of Circuits
400 kV 46m Single/ Double Circuit
220 kv 30m Single/ Double Circuit
132 kV 18m Single/ Double Circuit

B. Recommended Limits for Electric and Magnetic Field

The guidelines by the International Commission on Non-
lonizing Radiation Protection (ICNIRP) for limiting exposure
to time-varying electric and magnetic fields (1Hz to 100 kHz)
[7] provide guidance on limiting exposure to time-varying
electric and magnetic fields (1 Hz to 100 kHz) to protect the
humans exposed to electric and magnetic fields in low-
frequency range of electromagnetic spectrum.

The recommended exposure limits for different time-
varying and frequency ranges are as shown in Table IV.

I METHODOLOGY

A. Data Collection

The data regarding tower framings, design spans and wires
for HVTLs in Nepal are collected from transmission line
projects of Rastriya Prasaran Grid Company Limited
(RPGCL) and Nepal Electricity Authority (NEA).

The design criteria relating to wind speed, wind pressure,
wire specifications and conductor sagging criteria are
collected through technical specifications and design
requirements of HVTLs in Nepal. The conductor type and
ampacity for HVTLs are considered as shown in Table V.

B. Tools and Software

The study was carried out using PLS-CADD software. The
PLS-CADD is an industry-standard transmission line design
software used by different utilities around the world, including
RPGCL and NEA in Nepal. This software allows for terrain
modeling, physical modeling and analysis of transmission
structures, clearance analysis and electric and magnetic field
studies of overhead transmission lines.

C. Sag Tension Calculations

The sag-tension calculations for 400kV, 220kV and
132kV transmission lines were carried out for standard design
spans. The standard design span for 400kV was considered as
400m and for 220kV and 132kV it was considered as 350m.
The following scenarios as per 1S-802 were considered for
wind speed and wind pressure calculations [8].

e Wind zone: 4

e Reliability Level: 1

e  Terrain Category: 2

e Basic Wind Speed: 47m/s

TABLE IV. RECOMMENDED LIMITING EXPOSURE
Electric Field Magnetic Field
Frequenc
Exposure Rgnge 4 Strength Strength
(kVim) (HT)
Occupational 25Hz - 300Hz 10 500
General Public | 25Hz —50Hz 5 200

TABLE V. CONDUCTOR AND AMPACITY FOR HVTLs
Transmission Line Conductor Phase Current (A)
400kV ACSR Moose 900
220kV ACSR Bison 700
132kV ACSR Bear 500




The initial stringing criteria was considered as follows.

e For Conductors:
22% of Ultimate Tensile Strength at 32°C, No Wind

e  For Earthwire:
Earthwire Sag < 90% Cold Sag of Conductor

D. PLS-CADD Modeling

The 400kV, 220kV and 132kV TLs were modeled in PLS-
CADD using standard tower framing and conductor
configurations, considering the four-span model as shown in
Fig. 1. The following design steps were considered for PLS-
CADD Modeling.

e Terrain Modeling: The terrain was modeled as flat
terrain.

e Cable Modeling: The conductors and earth wire were
modeled as per the technical specifications.

e  Structure Modeling: The towers were modeled as M1
structures. This method allows to model the tower
framing based on conductor attachment levels.

o Insulator Modeling: The I-string, V-string and tension
string insulators were modeled for M1 Structures
considering the standard dimensions and weights.

e  Criteria Modeling: The design criteria for the wire
sagging were modeled by following the tension
values for individual wires and lines for wire
stringing.

E. Conductor Blowouts and ROW Requirements

The general representation of the ROW for overhead
transmission lines is as shown in Fig. 2 and can be formulated
as [9]:

ROW=2x(X+Y) 1)

Where,

X = Horizontal displacement of wires from tower center
during design swing

Y = Minimum horizontal electrical clearance

The minimum horizontal electrical clearance values are
considered fixed values and would only vary depending on the
elevation of a given transmission line. Therefore, the ROW
requirement for any HVTLs will mainly depend on the
horizontal displacement of conductors during the swing
condition.

The minimum horizontal clearance to be maintained on
either side of the electric wires is considered as per Rule 50
and Schedule-13 of the Electricity Rules, 2050 as shown in
Table VI.

The wind pressure is identified for a given span which will
provide a 30° swing for I-string suspension insulators. The
obtained wind pressure is used to estimate the blowout of
conductors for HVTLs with I-string and V-string suspension
insulators.

For the ROW study of HVTLs with V-strings, the tower
framing similar to that of I-string is considered. However, the
crossarm and insulator arrangements are modified to reflect
the crossarm requirements.

Fig. 1. Four-span model in PLS-CADD

MINIMUM WIDTH OF RIGHT OF WAY
(ALL OBJECTS TO BE CLEARED IN THIS ZONE)

MAXIMUM SWING

MINIMUM ELECTRICAL
CLEARANCE

|-———— — -

Fig. 2. Transmission line Right of Way [9]

F. Electric Field and Magnetic Field Calculations

The R-Y-B phases of double circuit lines are assigned
voltage and current values as shown in Table V. The 220kV
and 400kV TLs are modeled with two shield wires and 132kV
TL is modeled with one shield wire.

The values recommended by ICNIRP, as shown in Table 1V,
are considered as boundary values to verify if the field values
are within the recommended limits. The values corresponding
to general public exposure are considered as limiting values at
the edge of the ROW and values corresponding to
occupational exposure are considered as limiting values below
the line. The electric and magnetic fields are estimated at mid-
span and the conductors at maximum sag and nil wind
conditions. The field profiles and maximum values at mid-
span cross-section for HVTLs are estimated at 1.8m height
above the ground to represent the normal human height.

TABLE VI. HORIZONTAL ELECTRICAL CLEARANCES

Transmission Line Minimum Horizontal Clearance (m)

400kV 5.6m
220kV 3.8m
132kVv 2.9m




IV.  RESULTS AND DISCUSSIONS
A. Conductor Blowouts and Right of Way Requirements
1) 400kV Transmission Line

a) With I-String

The 30° swing of I-string insulators was observed at 386.5
Pa wind pressure. The midspan blowout of conductors from
the tower center point is found to be 17.5m on either side. The
total ROW requirement with I-string is estimated to be 46m.
The result suggests that the existing practice of 46m ROW for
400kV TL is sufficient for a 400m design span. The summary
of ROW estimation is presented in Table VII.
b) With V-String

The wind pressure of 386.5 Pa, which resulted in a 30°
swing of I-string insulators, was considered for estimating the
midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is found to be 13.4m
on either side. The total ROW requirement with V-string is
estimated to be 38m, which is 8m less than the existing
practice of 46m ROW. The results suggest that the use of V-
string could help reduce the ROW requirement by as much as
17%. The summary of ROW estimation is presented in Table
VIIL.

2) 220kV Transmission Line

a) With I-String

The 30° swing of I-string insulators was observed at 331.7
Pa wind pressure. The midspan blowout of conductors from
the tower center point is found to be 11.45m on either side.
The total ROW requirement with I-string is estimated to be
30m. The result suggests that the existing practice of 30m
ROW for 220kV TL is sufficient for a 350m design span. The
summary of ROW estimation is presented in Table I1X.

b) With V-String

The wind pressure of 331.7 Pa, which resulted in a 30°
swing of I-string insulators, was considered for estimating the
midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is found to be 8.64m
on either side. The total ROW requirement with V-string is
estimated to be 25m, which is 5m less than the existing
practice of 30m ROW. The results suggest that the use of V-
string could help reduce the ROW requirement by as much as
17%. The summary of ROW estimation is presented in Table
X.

3) 132kV Transmission Line

a) With I-String

The 30° swing of I-string insulators was observed at 357.2
Pa wind pressure. The midspan blowout of conductors from
the tower center point is found to be 8.7m on either side. The
total ROW requirement with I-string is estimated to be 23m,
which is 5m more than the existing practice of 18m ROW. The
result suggests that the existing practice of 18m ROW for
132kV TL is not sufficient for 350m design span. The
summary of ROW estimation is presented in Table XI.

b) With V-String
The wind pressure of 357.2 Pa, which resulted in a 30°
swing of I-string insulators, was considered for estimating the

midspan conductor blowouts. The midspan blowout of
conductors from the tower center point is found to be 7m on

either side. The total ROW requirement with V-string is
estimated to be 20m, which is 2m more than the existing
practice of 18m ROW. The results suggest that the use of V-
string could help reduce the ROW requirement by as much as
13% compared to I-string. However, the existing practice of
18m ROW for 132kV TL is not sufficient for a 350m design
span even with V-string. The summary of ROW estimation is

presented in Table XII.
TABLE VII. ROW FOR 400KV TL, I-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator | Vind Wind Center | ROW (m)
Swing Speed Pressure Point (m)
(m/s) (Pa)
30° 251 386.5 17.5 46
TABLE VIII. ROW FOR 400KV TL, V-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator | Vind Wind Center ROW (m)
Swin Speed Pressure Point (m)
9 (mis) (Pa)
NA 25.1 386.5 13.4 38
TABLE IX. ROW FOR 220KV TL, I-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator Wind Wind Center ROW (m)
Swin Speed Pressure Point (m)
9 (mis) (Pa)
30° 20.5 3317 11.45 30
TABLE X. ROW FOR 220KV TL, V-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator g’g Lr;g Pygslgljire Center ROW (m)
i Point (m
Swing (m/s) (Pa) (m)
NA 20.5 331.7 8.64 25
TABLE XI. ROW FOR 132KV TL, I-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator g’g Lr;g Pygslgljire Center ROW (m)
i Point (m
Swing (mls) (Pa) int (m)
30° 235 357.2 8.7 23
TABLE XII. ROW FOR 132KV TL, V-STRING
Conductor Swing Blowout
- - from Tower | Estimated
Insulator Wind Wind Center ROW (m)
Swing Speed Pressure Point (m)
(m/s) (Pa)
NA 235 357.2 7.0 20




B. Electric Field Profiles

1) 400kV Transmission Line

The electric field is found to be 9.55 kV/m below the line
and 1.37 kVV/m at the edge of 46m ROW. The result suggests
that the electric field below the 400kV TL and at the edge of
ROW is within the recommended safe limits as shown in
Table IV. The electric field profile at mid-span is as shown in
Fig. 3.

2) 220kV Transmission Line

The electric field is found to be 5.6 kV/m below the line
and 0.99 kV/m at the edge of 30m ROW. The result suggests
that the electric field below the 220kV TL and at the edge of
ROW is within the recommended safe limits as shown in
Table IV. The electric field profile at mid-span is as shown in
Fig. 4.

3) 132kV Transmission Line

The electric field is found to be 2.44 kV/m below the line
and 0.68 kV/m at the edge of 18m ROW. The result suggests
that the electric field below the 132kV TL and at the edge of
ROW is within the recommended safe limits as shown in
Table IV. The electric field profile at mid-span is as shown in
Fig. 5.
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C. Magnetic Field Profiles

1) 400kV Transmission Line

The magnetic field is found to be 58.7 uT below the line
and 31.63 uT at the edge of 46m ROW. The result suggests
that the magnetic field below the 400kV TL is within the
recommended safe limits as shown in Table IV. The magnetic
field profile at mid-span is as shown in Fig. 6.

2) 220kV Transmission Line

The magnetic field is found to be 29.53 uT below the line
and 17.1 uT at the edge of 30m ROW. The result suggests that
the magnetic field below the 220kV TL is within the
recommended safe limits as shown in Table IV. The magnetic
field profile at mid-span is as shown in Fig. 7.

3) 132kV Transmission Line

The magnetic field is found to be 20 uT below the line and
13.5 uT at the edge of 18m ROW. The result suggests that the
magnetic field below the 132kV TL is within the
recommended safe limits as shown in Table IV. The magnetic
field profile at mid-span is as shown in Fig. 8
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Fig. 6. Mid-span magnetic field profile across the 400kV TL
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V. CONCLUSIONS AND RECOMMENDATIONS

The study assessed the ROW requirements and electric
and magnetic fields of HVTLs in Nepal. The results indicate
that the existing practice of ROW for 400kV and 220kV TLs
is sufficient, whereas the ROW for 132kV TL should be
increased to 23m. And the use of V-string insulators could
help reduce the ROW requirements for HVTLSs. Further, it has
been found that the electric and magnetic fields below the line
and at the edge of the ROW of HVTLs are within the
recommended safe limits by ICNIRP.

The following recommendations have been brought
forward for transmission line utilities in Nepal to make the
HVTLs more resilient and compliant with international
practices.

1) It is recommended that the minimum ROW width
based on the voltage level of the transmission lines shall be
established along with provision for flexible ROW width
based on geographic, environmental and social settings, such
as for rural, urban and forest areas.

2) Itis recommended that provisions and approaches for
estimating electric and magnetic fields below the line and at
the edge of the ROW shall be introduced and made
mandatory, to be in-line with international practice of public
safety. This will help address the public health and safety
concerns relating to the effects of electric and magnetic fields
from HVTLs.
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