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INTRODUCTION

Qualifications
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MY name is Milind Vishnu Khot. | have 29 years of experience in the high
voitage electrical industry. | hold the role of Senior Development Engineer

(Lines) with Transpower New Zealand Limited (Transpower).

I hold the degree of Bachelor of Engineering (Electrical), | am a Member of the

Institution of Engineers (India), and a Chartered Engineer (India).

I have been employed by Transpower for the past four years. Before that |
was employed by Maunsell Limited, a consulting firm in Wellington, for two
years. In both these positions, my principal role has been that of a

transmission line designer/engineer.

| was previously employed by Crompton Greaves Limited in Mumbai India for
17 years in their manufacturing facility for high voltage machinery. | have been
trained by Brush Electric Machines UK and Von-Rolle Isola Switzerland in
High Voitage Engineering of machinery, particularly relating to insulation
systems. | left Crompton Greaves Limited to set up my own firms:
Electromech (consulting); and Electrologic Solutions (software development
for electrical engineering applications) in India. | was a director of both these

firms for five years.

I am a member of the Standards New Zealand committee that developed the
standard (NZS 6869: 2004) for Radio Frequency Interference (RFl) from
power lines. | am also a member of the joint Australia/New Zealand
committee developing the standard (AS/NZS 1768) for protection from
lightning.

IN addition, | am also a software developer. | have developed software for
prediction of Line Ratings and Electric and Magnetic Fields (EMF), Audible
Noise, and RFI. This software is presently being used by Transpower.

AS part of my role with Transpower, | am responsible for design aspects of

transmission line uprating projects, the prediction and assessment of EMF
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levels, RFI, Audible Noise, safe clearance distance issues, and issues

associated with the line hardware.

8. I confirm that | have read and agree to comply with the Code of Conduct for
expert witnesses in the Environment Court Consolidated Practice Note (2006).
| have approached the preparation of this evidence in the same manner that |
would for the Environment Court.

Scope of evidence

9. IN this statement of evidence, | discuss the following:
(a) Line ratings, line ratings method, clearances and regulations;
(b) Electrical Loads and clearances to ground based objects and the
structure;
(©) Insulation design and clearances;
(d) Lightning performance and its impact on tower geometry;
(e) Conductor selection, conductor type/content;
® lonising and non-ionising fields (RF1, Audible Noise and EMF);
(9) The recommended EMF exposure levels, as set out in international

standards; and

(h) Audible Noise of non-electrical origin.
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TRANSMISSION LINE RATING, LINE CLEARANCES AND REGULATIONS

10.

11,

12.
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A transmission line may consist of one or more circuits carried over steel
towers or poles. The proposed BHL-WHN A line consists of two circuits, one
each on either side of every tower. Each circuit consists of sets of three
conductors. Each set may consist of multiple sub-conductors. Electricity is
transmitted through these conductors in the form of waves. Each conductor
set carries a wave. Each wave is called a phase. Each phase, through every
one of the three conductor sets of each circuit, is displaced in time equally
from the other two. These waves are alternating in nature, meaning that they
constantly change their magnitude and direction. The direction of each wave
changes 50 times per second (called cycles/second or Hertz). The picture
below illustrates a three phase system.

Three Phases
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TRANSMISSION line ratings define the limiting values of electrical power
(Voltage x Current) that a circuit can carry without violating safe clearance
distances or other parameters such as Electric and Magnetic Field, or Radio
Frequency Interference. The rating allows the system operator to know what
the physical operational limitations of all assets connected to the power
system are. The system operator then controls the maximum quantum of
power that can be delivered without breaching these limitations. There are
similar ratings provided by generation companies for their equipment.

TRANSMISSION conductors (lines) at high voltages must maintain safe
distances to the ground and other objects in accordance with Electricity
Regulations 1993 which in turn require compliance with NZECP 34: 2001. For
instance, for a 110kV and a 220kV line, the current minimum distances are
6.5m and 7.5m respectively above traversable ground under the Code of
Practice (Table 4 of NZECP 34: 2001). The line must also similarly maintain
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13.

14.

15.

16.

17.
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the clearances to other surrounding objects, including the clearance to the

structure on which it is being carried, as per NZECP 34: 2001.

HOWEVER, NZECP 34: 2001 does not cover voltages in the range of 400 kV.
Therefore, in the case of the ultimate operation of the proposed overhead line,

recourse has been sought from other international best practices.

AT voltage levels of 400 kV and above, over and above safe clearance
distances, it is often the level of electric field that the line aims (although this is
not a regulatory requirement) fo achieve (ICNIRP/NRL guidelines are adopted
by Transpower), that determines the ground clearances that must be
maintained. These clearances far exceed the electrical safe clearance

distances that would otherwise suffice.

FOR instance, the safe clearance distance to ground used in many countries
is 9 m for 400 kV lines. Many of these countries have less stringent limits of
permissible electric fields than the ICNIRP/NRL, exposure limits. Since
Transpower is committed to meeting the requirements of ICNIRP/NRL public
exposure limits of electric field (5 kV/m, anywhere within the easement but
generally calculated under the conductors 1 m above ground), the minimum
ground clearance at which the selected conductor bundle meets this
requirement is about 12.7 m. This far exceeds the usual 9 m used in other
countries. Consequently, as compared to other countries, the towers, on

average, will need to be taller by 3.7 m to meet the relevant guidelines.

THIS clearance distance of 12.7 m, dictated by the electric field, must be
maintained under the most onerous weather conditions, namely minimum
wind and the highest ambient temperatures (i.e. under conditions of maximum
conductor sag). As current flows through the conductor, it generates heat and
consequently the conductor temperature increases. This leads to expansion
of the conductor length within the span, which increases the sag on the
conductor. It is therefore imperative to know the maximum level of current that
will still maintain this clearance of 12.7 m under those onerous weather
conditions. The structure heights and vertical cross-arm spacing are designed
accordingly.

THIS maximum level of current in Amps, is called the line rating current.
When translated in terms of the line voltage and current, this line rating can
also be expressed in MVA. Therefore, for instance, a 220 kV line carrying a
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