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INTRODUCTION

Qualifications

8215469

MY name is Hugh Robert Kelsey Wildash. | am a Senior Development
Engineer (previously called Senior Network Support Engineer) working in the
National Grid Division of Transpower New Zealand Limited (Transpower)
since 2001. | have been providing technical support on cable matters to the
North Island Grid Upgrade Project (Upgrade Project) since its inception in
2004.

| have a Bachelor of Science degree in electrical engineering with Honours
(CNAA) from Portsmouth Polytechnic, now known as Portsmouth University,
and am a Member of the Institution of Engineering and Technology (United
Kingdom).

MY experience with underground cables encompasses 38 years, including:

(a) 18 months as a Power Cable Technologist, at Pirelli's Eastleigh
Cable Factory (United Kingdom), involved in power cable design and

manufacture;

(b) 11 years in the Underground Mains Section of the North Western
Electricity Board (United Kingdom), involved in the procurement,
laying, jointing and testing of power cables up to 132 kV; and

(€) 22 years in total with Transpower and its predecessor organisations.

MY experience at Transpower, and its predecessor organisations, has
included assisting with the 1982 Cook Strait cable repair, drafting of cable

specifications for voltages up to 220 kV and investigating cable failures.

| 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.
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Scope of evidence

6.

IN this statement of evidence, | discuss the underground cable sections of the

Upgrade Project. In particular, I:

(a) provide an overview of the routes and the surrounding area;

(b) discuss the features of the underground cable sections and design
considerations;

(c) discuss security issues affecting cable installation; and

(d) discuss design constraints affecting cable installation.

OVERVIEW OF ROUTES AND SURROUNDING AREA

7.

8215469

DESIGNATIONS have been sought for two cable routes, as follows:

(a) two 220 kV underground cable circuits of approximately 10.6 km, that
will connect Pakuranga Substation to the proposed Brownhill
Substation; and

(b) two 220 kV underground cable circuits of approximately 9.9 km, that
will connect the proposed Brownhill Substation and Otahuhu
Substation.

BOTH of these cable routes are located entirely within Manukau City, and
traverse areas of existing, or planned, urban development. Transpower has
sought to minimise the effects of the proposed underground cables by locating
the underground cable routes under roads, or proposed roads, where possibie.
The locations have been chosen because they are convenient, easily

accessible, and minimise disruption to private land.

ROADS are preferred over footpaths, for example, as there is more room
(footpaths are often heavily used by other utility companies). While the
greater proportion of both routes is located within roads, there are some

sections of the routes that are located in reserves, and on some private land.
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10. WHERE the preferred underground cable routes go across private property or
Manukau City Council (MCC) reserve land, Transpower has consulted with the
affected landowners individually. Easements will be placed on this land to
provide access for repairs and maintenance, and to protect the cables from

incompatible development.

Brownhill to Pakuranga cable route

11. THE final Brownhill and Pakuranga cable route originally had two options in

the notice of requirement (NOR), as follows:

(a) Option 1: via Redoubt Road and Regis Lane; and

(b) Option 2: via Brownhill Road.
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12. TRANSPOWER has decided to proceed with Option 2. | discuss both options,

and the reasons for proceeding with Option 2 below.
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Option 1 - via Redoubt Road and Regis Lane

13.

14.

15.

16.

17.

18.

8215469

CABLE route option 1 was 9.48 km long, and runs between the proposed
substation off Brownhill Road to Transpower's existing substation adjacent to
Te Rakau Drive in Pakuranga. From the south, this route exits Transpower
owned land on Brownhill Road, Whitford.

THE route follows a ridgeline up to Redoubt Road. This section across
undeveloped land includes a fise in elevation of about 100 m across unstable
ground that would require extensive earthworks and retaining walls to provide

a secure cable route.

THE route then follows the Redoubt Road extension for several hundred
metres before it crosses private land up to Ormiston Road. This section again
crosses undeveloped land and includes crossing sloping ground abutting
Redoubt Road that would require earthworks and retaining walls.

THE route follows Ormiston Road to its junction with Caldwells Road with the

cables installed in the carriageway.

FROM this junction, the route is located within road reserve all the way along
Caldwells Road (which is predominantly paper road) before intersecting with
Point View Drive. This section is undeveloped land, except for short lengths of
Caldwells Road, at both ends, which are sealed. It includes the crossing of
the Mangemangeroa Stream and from there a rise in elevation of
approximately 110 m at an average slope of 1 in 4 to the junction of Caldwells
Road with Griggs Road. The sealed section of Caldwells Road from Griggs
Road to Point View Drive would require the removal of part of the bank
separating it from Point View Reserve, to provide sufficient width for two cable

circuits.

THE route then travels along Point View Drive and crosses private land before
meeting the existing Transpower cable tunnel entrance at the end of
Dunvegan Rise, the present urban edge of the suburb of Dannemora. One
cable circuit would be laid in the existing carriageway and one in the berm on
the opposite side of the road in Point View Drive. The section across private
land involves an elevation change of about 55 m at an average slope of 1 in 6,

and a section alongside an unnamed ephemeral stream in boggy ground
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19.

before crossing the stream to the 2274 m long existing tunnel beginning in

Dunvegan Rise.

THE existing tunnel goes from Dunvegan Rise to a stormwater reserve at 400
Te Rakau Drive (adjacent to the existing Pakuranga Substation). One cable
circuit would be installed in the tunnel and the other would be installed in the
roadway adjacent to the tunnel. The tunnel route is mainly in residential areas,
but crosses several major roads, including Chapel Road, Te lrirangi Drive and
Ti Rakau Drive.

Option 2 - via Brownhill Road

20.

21.

22,

23.

CABLE route option 2 is 10.6 km long and differs from the route of Option 1 at
the Brownhill Road end only.

FROM the south, this route exits Transpower awned land on Brownhill Road,
Whitford, via Brownhill Road onto Whitford Park Road. A new route bridge
would be provided across the Turanga stream at the substation end of
Brownhill Road to accommodate the cable circuits. The cables would be laid
down either side of Brownhill Road, mainly under the sealed carriageway.

THE route then follows Whitford Road to its intersection with Sandstone Road,
then west along Sandstone Road to Caldwells Road. The cable circuits would
be laid in both sides of the carriageways of Whitford and Sandstone Roads.

FROM the junction of Sandstone Road and Caldwells Road it shares the

same route into Pakuranga Substation as Option 1

Reasons for proceeding with Option 2

24.

25.

8215469

THE reasons for proceeding with Option 2 are summarised below.

OPTION 1 shares the same cable route from the Brownhill Substation site to
Ormiston Road as the proposed cable route to Otahuhu Substation. This
would require a 40 m wide corridor of land between the Brownhill Substation
site across private land to Redoubt Road. Redoubt Road and the future

extension of this road to Ormiston Road would only have allowed room for the
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26.

27.

28.

20.

30.

31.

8215469

Otahuhu cable circuits, and so the Pakuranga cable circuits would have to be
laid in a separate 20 m wide corridor on the East side of Redoubt Road.

I note that it would not have been possible to lay the Pakuranga cables in
Redoubt Road, with the later Otahuhu cables in a corridor along the West side
of Redoubt Road because this land had aiready been developed for housing.

NOR would it have been possible to lay the Otahuhu cables on the east side of
Redoubt Road without requiring the Otahuhu and Pakuranga cables to
crossover each other at some point. As | discuss later in my evidence,
crossing of cable circuits should be avoided because of the problem of mutual
heating between cable circuits and the possibility of a single event causing

loss of all cable circuits.

THE width of the corridor across private land and the requirement for a
corridor alongside Redoubt Road would impinge significantly on a recently-
consented subdivision along Redoubt Road, and would potentially have a
more than minor effect on future subdivision and development of the

remainder of the property which it crossed.

THE section of the option 1 route between Brownhill Substation and Ormiston
Road would require significant earthworks, including substantial areas of cut
and fill beyond the designated area. The associated topographic modification
(including substantial retaining walls), and subsequent visual impact would be
more than minor. (Note that the cable route between Otahuhu and Brownhill
Substations would involve earthworks and retaining structures, but these have
substantially less impact). Option 1 in this section would increase the amount
of cut and fill excavation by 124,000 m® and require 1.4 km of retaining wall,
compared to that required for the Otahuhu circuits alone.

POTENTIAL acquisition and construction costs were significantly adverse as
compared with option 2. Against these costs had to be offset the cost of an
additional 1.2 km of cable and two additional joint cable bays associated with
option 2.

| consider that there are significant benefits in terms of security of supply from

having two completely separate cable routes joining Brownhill Substation to
each of the two northern substations (Pakuranga and Otahuhu).
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32.

CONSULTATION revealed some local community concerns about the
upgrade of Brownhill Road that would accompany the laying of the cable
route. However, it was conveyed to those affected that the upgrading would in
any case be required by about the year 2020, to enable the transport of 400
kV transformers to the proposed Brownhill Substation site. Consultation did

not indicate major community issues related to Option 2.

Brownhill to Otahuhu cable route
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33.

34.

8215469

THE cable route is 9.9 km long and runs between the proposed Brownhill
Substation to Transpower's existing Otahuhu Substation, in Otara. From the
south, this route exits Transpower owned land on Brownhill Road, Whitford.

THE route follows a ridgeline up to Redoubt Road. This section, across
undeveloped land, includes a rise in elevation of about 100 m across unstable
ground that would require extensive earthworks and retaining walls to provide

a secure cable route.
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35.

36.

37.

38.

39.

40.

41,

THE route then follows the Redoubt Road extension for several hundred m
before it crosses private land up to Ormiston Road. MCC's proposed
extension of Redoubt Road is shown as proposed road in both the Manukau
District Plan maps and Variation 13.

THE route follows Ormiston Road in a westerly direction for 240 m before
entering private land to the north of Ormiston Road. After 250 m, on private
land, the end of a paper road section of Jeff's Road is reached. It is necessary
to traverse privately owned land between the end of Jeffs Road and the
intersection with Ormiston Road as no public road connection exists between

the two roads.

THE route follows the paper Jeffs Road in a north westerly direction for 260 m
and then the formed Jeffs Road to its intersection with Stancombe Road.

THE route follows Stancombe Road through the car parking areas along the
edge of Barry Curtis Park to Chapel Road.

AFTER crossing Chapel Road the route enters a MCC Stormwater
Management Area to follow a paper road continuation of Stancombe Road
across Ti lrirangi Drive. The route continues across the Stormwater

Management Area in a north easterly direction to East Tamaki Road.

THE route follows East Tamaki Road to the Springs Road intersection. It
crosses the intersection into Johnstones Road. At the end of Johnstones
Road, it crosses Otara Creek, near the existing footbridge, and runs onto

Franklyne Road.

THE route follows Franklyne Road into Alexander Crescent and then into

Gilbert Road. It turns into Kaitawa Street to enter Otahuhu Substation.

OVERVIEW OF UNDERGROUND CABLE CIRCUITS

42,

8215469

TWO cable circuits are to be installed on each cable route. | have assumed,
for preliminary design purposes, a minimum distance of 3.5 m between cable
circuits. However, this distance would normally be greater as it is intended
that the cable circuits should be laid on opposites of a road wherever this is

practical (This distance is for security reasons and to reduce the mutual
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43.

44,

45,

46.

47.

8215469

heating between cable circuits, which | discuss later in my evidence). Each
cable circuit would consist of three separate, single core power cables laid in a
spaced trefoil configuration (when installed within excavated trenches. A
different arrangement will be adopted through the existing tunnel). At least
two fibre optic cables would be installed with each cable circuit, one to monitor
the temperature of the cables in service and the other to carry essential control
and protection data, as well as telecommunications for other operational

requirements.

AS discussed previously, the cables would be laid in existing roads, an

existing tunnel and in open ground/open country.

WHILE the type of cable is known, the final details of the overall system will
only be known after a contract has been let and the contractor has completed
the detailed design based on the selected route. The investigation and
preliminary design process to date has defined the cable system in sufficient
detail for Transpower to fully understand the requirements for installing the

cables.

THE description of the cable system components and their installation that |
provide in my evidence is based on general requirements. The detailed
design and construction of cable and cable system components, such as joints
and terminations, may differ between cable manufacturers for a particular
installation and from one manufacturer between installations in different

situations.

THE cable circuits will be designed to operate at a nominal voltage of 220 kV.
Unlike the overhead lines component of the Upgrade Project, the cables are
not 400 kV capable, and would have to be replaced in their entirety if this
should ever be required.

INITIALLY, the cables will be naturally cooled by dissipation of heat into the
surrounding ground, and then to the atmosphere. This method would be
sufficient for the cables to meet the expected load until 2032. At this time, it is
proposed to use forced water cooling to increase the rating of the cables by
67%. The forced water cooling would be achieved by circulating water through
polyethylene pipes laid in close proximity to the cables during the initial
installation. This forced cooling would require 4 x 110 mm polyethylene pipes
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to be laid, with the cables connected to pumping stations, located at each end
of the cable circuit and at one or more intermediate pumping stations with

water cooling facilities.

UNDERGROUND CABLE SYSTEM DESIGN/SELECTED OPTION

Cable arrangements

48. THERE are two main cable installation arrangements that are used for single

phase transmission cables:

(a) flat arrangements, where the three power cables are laid side by
side, usually in a horizontal configuration, separated by some

distance (typically 250-450mm); and

(b) trefoil arrangements, where the three power cables are laid in a
triangular configuration, either touching each other or separated by

some distance.

Flat arrangements
49. THE advantages of the flat arrangements are that:
(a) a shallower trench is required for a given amount of cover, ie for a

given depth below ground to the top cable(s);

(b) the cables are easy to install, whether direct buried or in ducts; and
(c) the generally shallower bedding centreline facilitates higher cable
ratings.
50. THE disadvantages are that:
(a) a wider trench is required for a given amount of cover, and so

reinstatement can be more costly, especially in roadways;

8215469
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phase cables need to be transposed at each joint bay, which for
ducted installations requires either considerably longer joint bays or
rolling of the ductline on one side of the joint bay; and

comparatively high electric and magnetic field (EMF) levels

compared to trefoif arrangements.

Touching trefoil cable arrangements

51. THE advantages of the touching trefoil arrangements are that:

the compact cable grouping allows a narrow trench;

the trench is only slightly deeper than the flat arrangements;

the cables are easy to install, whether direct buried or in ducts;

there are comparatively low EMF levels; and

there are low induced sheath voltages, enabling longer minor section

lengths.

52. THE disadvantage is that this arrangement causes limitations with cable

ratings due to the mutual heating/closeness of the cables.

Spaced trefoil cable arrangements

53. THE advantages of the spaced trefoil arrangements are that:

(a)

(b)

8215469

for a given cable spacing the current ratings are similar to the flat

spaced arrangements;

while the trench is wider than the touching trefoil arrangement, it is
still narrower than the flat arrangement;

there are comparatively low EMF levels;
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54,

55.

56.

57.

58.

(d) there are low induced sheath voltages, enabling longer minor section
lengths.

THE disadvantages are that:

(a) the cables are more difficult to install if not ducted; and
(b) the trench is deeper than the flat arrangement for a given amount of
cover.

A spaced trefoil arrangement is proposed for the 220 kV cables in the
Upgrade Project because it provides a similar current rating to an equivalent
spaced flat arrangement, but the lower induced sheath voltages allow longer
lengths of cable to be installed between joint positions. Magnetic fields are

also significantly lower than for a flat arrangement as shown below:

Voltage Current | Configuration | Depth | Magnetic field 1 m
(Power) 4 above ground level
220 kV 1654 A | Spaced flat 1.5m 29.6 uT
(630 MVA) Spaced trefoil 18.7 uT

Close trefoil 8.5uT

CROSS-LINKED Polyethylene (XLPE) insulated cables have been selected
for use on the Upgrade Project. The conductors are insulated with
polyethylene, which is extruded over the conductors then cross-linked at high
temperatures. A lead, aluminium, or copper sheath' is applied, and the
individual conductors are pulled into ducts or directly buried.

WIDESPREAD commercial use of XLPE cables at voltages up to 230 kV did
not occur until the 1980s, and at higher voltages until the late 1990s. It is now
the predominate type of cable used on new AC systems at all voltages around
the world.

| discuss the other types of cables that were considered later in my evidence.

! The term 'sheath’ refers to a continuous covering that surrounds the insulated conductors. For high voltage
cables, this covering is metal and is connected to earth at one or more places and then may be referred to as a
‘shield'. In the NOR both terms have been used interchangeably.

8215469
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XLPE cable design

59, EACH XLPE cable will have an overall diameter of between 130-160 mm and
weigh approximately 30-40 kg/m (ie 90-120 kg/m per circuit). The four main
components to the power cable are the conductor, insulation, metallic shield
and outer jacket. These are shown in Figure 1 and are described in further

detail in the following sections of my evidence.

Conductor Water tight Miiliken copper

Insulation XLPE

: \‘ Conductor shield Extruded super-smooth
’ ‘ semiconductor

insulation shield Extruded super smooth
semiconductor

Water barrier waterswellable
semiconducting tape

Metallic shield Smooth welded aluminum
sheath

Outer jacket Polyethylene

Figure 1 Typical 220kV XLPE cable cross section
Conductor

60. THE electrical conductor is at the centre of the power cable. This is usually
copper, rather than aluminium, for cables of such a high voltage and current
rating. Strands of copper wire are bundled into segments and then spiralled

around a central wire or hollow former.

61. THE largest conductor cross sectional area that is being used worldwide for
transmission cable circuits is 2500 mm® A few cable manufacturers have
made shont lengths of 3000 mm? and above, but such a large conductor size
can only be made in relatively short lengths because of manufacturing and
transport limitations.

62. MY preliminary studies indicate that 2500 mm? conductor will be required to

provide the power transfer capability required. This is based on anticipated

8215469
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continuous rating of 1750 A (668 MVA) with natural cooling, and 2923 A (1115
MVA) with forced water cooling.

Insulation

63.

64.

65.

66.

THE high voltage conductor is insulated in a triple extrusion process which
includes the conductor and semi-conducting insulation screens. A plastic
extrusion process commonly uses plastic chips or pellets, which are usually
dried in a hopper before going to the feed screw. The polyethylene is heated
to molten state by a combination of heating elements and shear heating from
the extrusion screw. The screw forces the polyethylene through a die, forming
the polyethylene into the desired shape. In the case of a triple extrusion
process for high voltage conductor insulation, there are three extruders
mounted in close proximity to each other so that the three layers consisting of
a semi conducting conductor screen, electrical insulation, and a semi

conducting insulation screen, can be applied in one process.

THE insulation material used is XLPE. XLPE is formed by extruding low
density polyethylene (LDPE) with dicumyl peroxide as a cross linking agent.
Immediately after extrusion, the temperature of the insulation is raised above
140°C causing the dicumyl peroxide to decompose and release agents that
cross link the long-chain polyethylene molecules. High pressure is needed
during this process to prevent by products of the cross-linking process,

acetophenone, methane and methy! styrene forming voids in the insulation.

THE application of heat and pressure takes place inside a long metal tube and
is known as vulcanisation. Hence, manufacturing lines for the manufacture of
XLPE insulated cables are known as catenary continuous vulcanisation
(CCV), vertical continuous vulcanisation (VCV) or horizontal Mitsubishi
Dainichi Continuous Vulcanisation (MDCV) lines depending on the

arrangement of the vulcanisation tube

THE conductor and insulation screens?® are made from cross linked
polyethylene copolymer made semiconducting by the addition of carbon black.
It is important that they adhere firmly to and form a smooth void free interface

2 The “screens" are semiconducting layer in intimate contact with the inner and outer surfaces of the cylindrical
XLPE insulation. They ensure that the electric field is kept within the insulation and has a radial pattern. The term
"shield" may be used interchangeably with "screen".

8215469
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67.

with the insulation. This is required to ensure that there are no local areas of
increased electrical stress at the insulation interfaces that could initiate

electrical failure of the insulation.

DURING normal operation, the insulation and screens can function at

temperatures of up to 90°C.

Water barrier

68.

A layer of water swellable tape is provided over the insulation to limit the

penetration of water under the sheath in the event of damage to the sheath.

Metal sheath

69.

70.

71.

8215469

AN aluminium tape is longitudinally applied as a metallic sheath over the
insulated conductor after the application of water swellable semi-conducting
tape. The metallic shield is shaped around it and welded to form a sheath.
Alternatively, the aluminium may be extruded over the cable and the sheath

then corrugated to improve its bending performance.

ALTERNATIVE sheath materials are lead, copper and stainless steel. Lead
sheaths are always extruded. Aluminium sheaths can also be extruded.
Extruded aluminium, welded copper and stainless steel sheaths are
corrugated to provide acceptable bending performance.

THE sheath has the following functions:

(a) it acts as an electric shield and ensures that there is no electric field

outside the cable;

(b) it provides mechanical strength to the cable;

() it provides radial waterproofing by eliminating contact between the

insulation and water; and

(d) it provides a metallic path for capacitive and fault currents.
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Outer jacket

72.

73.

AN outer jacket® of polyethylene is extruded onto the aluminium sheath. The
firm bond between the polyethylene and aluminium sheaths protects the

aluminium from corrosion and provides excellent resistance to fatigue strain.

THE outer jacket insulates the aluminium sheath from its surroundings and
enables the sheath to be earthed at designated locations, which assists in
testing and maintenance. The overall construction of the cable gives

protection to any person accidentally contacting the cable surface.

Cable joints

74.

THE cable would be manufactured in drum lengths, which would be pulled into
position and then jointed in situ. Joints in a 220 kV XLPE cable are
approximately 700 mm in diameter and around 3 m long, as shown in Figures

2 and 3. The joint consists of the following components:

(a) Conductor connection — copper conductors are joined by inserting the
conductors into each end of a copper tube that is then compressed
onto the conductor using specially designed dies and hydraulic
pressure to produce a low resistance electrical contact with good
mechanical grip. Aluminium conductors are joined by metal-inert gas
(MIG) welding as the oxide layer that forms on exposure of
aluminium to air makes it difficult to achieve a good joint using

compression, particularly on large conductor sizes.

(b) Corona shield over the conductor connection - provides a smooth

interface with the joint sleeve.

(c) Joint sleeve — an ethylene-propylene rubber or silicon rubber
premoulded sleeve that provides the full electrical insulation required
together with conductor and insulation semi-conducting shields.

% The term ‘oversheath' may be used interchangeably with ‘outer jacket’

8215469

Page 16



(d) Copper casing with insulation ring — the copper casing extends the
cable's metallic shield over the joint and provides connection points

for earthing and cross bonding of cables.

(e) Outer protection box — a plastic box filled with cold pouring resin to
provide mechanical protection, water sealing and insulation of the

copper casing from earth.

Figure 2 XLPE cable joint components Figure 3 XLPE cable jointing in
progress

PREMOLDED JOINT

COPPER CASING

75. JOINTS for all three power cables have to be located in the one position. The
jointing operation is very precise and must be carried out in clean working

conditions by technical experts specifically trained for the work.

Link pit

76. THE metallic cable sheaths are cross-bonded at each joint bay location to
reduce power losses. The sheaths are electrically earthed at every third
jointing location. To enable technicians to gain access to the cross bond links
and earthing connections, a link pit is installed beside each cable joint bay,
with connections to the sheaths of each phase cable. The link box is installed
in a concrete pit, accessed by removing a heavy steel and concrete cover.

Where the cable is located in the roadway, the link pit will often be sited in the

8215469
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77.

berm or footpath, to enable technicians to undertake routine testing work
without disrupting traffic.

THE link pit is evident only by the presence of the lid in the berm or

carriageway.

Fibre optic cables

78.

79.

80.

81.

TO ensure the reliable operation of the power cables, it is necessary to install

smaller fibre optic cables along the full length of the cable route.

ONE of these cables will form part of a distributed temperature sensing (DTS)
system for the cable circuit. This system allows the temperature of the cable
to be continuously measured along the cable route in order to identify any hot

spots and warn of overheating.

ANOTHER cable will provide a signalling path for protection relays provided at
each end of the cable and at the far end of the 400 kV capable overhead line.
In addition, the fibre optic cables will form part of the communication links
between Otahuhu and Whakamaru Substations, Transpower's national
Coordination Centre (that controls the National Grid) and other substations in

Transpower's network.

THE final design of the cable monitoring systems and associated

communication cables will be the responsibility of the cable contractor.

Water Cooling pipes/future forced cooling provision

82.

FORCED cooling of underground cable circuits was introduced in the 1950s
and has been used in the United Kingdom, Austria, Singapore and Bangkok.
There are currently 24, 275 - 400 kV water cooled circuits in the United
Kingdom dating back to 1964. Water cooled circuits have recently been
installed in Austria*, Singapore and Bangkok.

4 400 KV VIENNA THE VIENNA 400 KV NORTH INPUT”, Vavre J, Wanda M, CIGRE paper B1-101, Paris, 2006
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83.

84.

THE water cooling pipes would be installed alongside the power cables, but
spaced approximately 50 mm from them. At this stage, it is proposed to install
four 100 mm diameter polyethylene pipes with each cable circuit.

WHEN load growth requires it (presently estimated to be 2032), the circuit
rating of the cables would be increased by the addition of forced water cooling.
This addition would require the construction of water cooling stations at each
end of the cable route and at intermediate positions approximately 3 to 4 km
apart. These stations would contain the equipment to pump the water through
the route pipe work and discharge the heat to the atmosphere.

COST AND RELIABILTY ISSUES AFFECTING UNDERGROUND CABLE
INSTALLATIONS

Undergrounding costs

85.

86.

NETWORKS of 220 kV and 400 kV are considered to be extra high voltage
(EHV). In EHV networks worldwide, the percentage of underground cables is
very low (compared to overhead lines). A 2007 Cigre (International Council on
Large Electric Systems) brochure® for worldwide networks gives an average
value of underground cables of 0.5 % for 315-500 kV lines and 1.7% for 220-
314 kV lines.

I co-authored a report® of Transpower's investigations into the reasons for
undergrounding transmission lines at voltages of 220 kV and above. The
conclusion was that EHV cables are being increasingly used worldwide to
supply electrical power for large cities and metropolitan areas, due to the
increasing difficulty in obtaining overhead transmission line routes through
high density built up areas. The report also concluded in the Executive
Summary that "short lengths of EHV lines have been undergrounded in
visually critical sections, where this has been determined to be in the national

interest'

% »Statistics of AC Underground Cables in Power networks”, Cigre Working Group B1.07 Technical brochure 338
December 2007,

% HRK Wildash & | V Hunt, "An international Survey of Reasons for Undergoing Transmission Lines" Transpower
Asset Development Group 15 March 2005.
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