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INTRODUCTION

Qualifications

8223704

MY name is Robert George Lake. | am employed by Transpower New
Zealand Limited (Transpower) as a Senior Development Engineer in the
Asset Development Group. The Asset Development Group is involved with
design and construction aspetts of new and uprating line works. | am also

involved with the development of Transpower’s line design standards.

I hold a Bachelor of Engineering (Civil), a Diploma in Structural Computations,
and a Master of Engineering Science (Civil) - "Transmission Line Tower

Foundations".

I have been designing transmission tower structures and their foundations,

and lines in general for over 25 years.

| have been a user of the three dimensional overhead line design programme
known as PLS-CADD for approximately 10 years. | am a member of the
Australasian PLS-CADD Users Group. | am also responsible for the
management of Transpower's close relationship with the program developer,
Power Line Systems (USA). Transpower is an approved PLS-CADD Beta test

site.

I am a member of the International Council on Large Electric Systems
(CIGRE). The main contact with CIGRE is through my membership of the
relevant Australian Panel of CIGRE, APB2, which has a yearly meeting.

| am also a full member of the CIGRE Working Group (WG) B2.06; Principles
of Overhead Line Design, and recently the new WG B2.29, Anti- and De-lcing
Systems of HV and UHV Transmission Lines. For the last two years, | have
also attended the CIGRE Study Committee B2 (Overhead Lines) yearly set of
meetings, covering the above and several other WG's, including WG B2.08,

Structures.

I am also a member of the Australian Standards sub-committee which has

been formed to review the Energy Networks Association (ENA - Australia) Line
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Design guideline document, C(b)1. The resulting document will be an

Australian Standard, with the expectation that it will also be adopted as a New

Zealand Standard. My involvement covers the civil and structural aspects of

C(b)1, and | am the overall co-ordinator of the Transpower contribution to the

Standard preparation.

| confirm that | have read and am familiar 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 way that | would

for the Environment Court.

Scope of evidence

9.

8223704

IN this statement of evidence | discuss the following:

(a)

(b)

(c)

(h)

preliminary line design;

line design software (PLS-CADD);

determination of the line specific wind loads;

transmission line loading in relation to the applied wind loads;

combinations of loads and associated load factors;

reliability levels of these loads and how they compare to overseas

practice;
how the loads are applied in the PLS-CADD model accounting for
line direction and location, including alliance for broken conductor

loading and potential for cascade failure;

structure types used on the line, and what their structural limits are in

relation to wind and weight spans;

make up of the tower structure - main members, braces and

redundants,
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(1)

(m)

(q)

load distribution in the towers, and comment on the impact of base

width versus main leg member size;

loading on the foundations, including preliminary loading

determination;

types of foundations;

geotechnical investigation;

foundation sizes;

use of the PLS-CADD mode! and relevant loading combinations to
get conductor positions for ground and other obstacle clearance

considerations by others;

determination of conductor tensions and loads on other components
from the PLS-CADD model;

reliability versus expected tower/foundation failure rates and how this

compares to international practice; and

other issues related to tower performance, e.g. earthquake loading

and proximity to fault lines, and proximity to adjacent lines.

PRELIMINARY TRANSMISSION LINE DESIGN

10.
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THE design process, to date has covered the identification of sufficient

information to develop the expected project costs and to carry out the

environmental and economic processes, (e.g. the Electricity Commission

approval). The preliminary design has been based on the various

environmental, safety and statutory limits (e.g. ground clearances), with

sufficient margin where relevant to accommodate possible subsequent

changes during the more extensive detailed design stage. Mr Noble

discusses this further in his evidence.
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USE OF PLS-CADD IN TRANSMISSION LINE DESIGN

1.

12.

13.

14.

15.
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TO design lines, it is usual to create a full 3 dimensional modei of the line in a
computer programme called PLS-CADD. PLS-CADD is used internationally
by more than 500 organisations, in over 75 countries, and is specific to
overhead line design. This programme is used extensively by New Zealand
and Australian utilities and consultancies for both transmission and distribution

line design.

PLS-CADD uses a sophisticated finite element methodology. This basically
involves splitting the line up into a number of components (e.g. conductor,
structure etc), and into small enough elements to get accurate results for the
conductor tensions and sags, and hence structure loads. The non-linear
analysis of these elements continues until the loads and displacements in the

model reach equilibrium.

THE PLS-CADD model encompasses ground and other features acquired
from either ground based surveys or aerial laser surveys (ALS) of the line
route. In particular, the models include representations of the structures and

conductors, as well as digital terrain data of the ground and related features.

THE ALS data for the Brownhill-Whakamaru North A line (BHL-WHN A) was
captured along with similar data for many other lines throughout the country
using the same survey and laser equipment and setup. At the time of the
original survey, independent check surveys were undertaken, confirming that

the expected accuracy of the data along the line route was as required.

THE PLS-CADD model is used to calculate the behaviour of the conductor
with regards to sags, and vertical and horizontal ground clearances, under a
number of different conditions, including maximum operating temperature, and
to check conductor swing (blow-out) under the action of wind. The model is
also used in conjunction with other programmes, to calculate and extract the
insulator and the in-series component, structure and foundation loading

information.
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