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INTRODUCTION

Qualifications

MY name is David Andrew Burns. | am an Associate Director in the
Auckland Office of Maunsell Ltd (Maunsell) with responsibilities for
geological and geotechnical investigations for specific projects undertaken

by Maunsell’'s national and international offices.

| hold a Master of Science degree in Earth Sciences from the University of

Waikato and | am a member of the New Zealand Geotechnical Society.

I have been practicing in the fields of engineering geology and
geotechnical engineering for the past 28 years both in New Zealand and
overseas. My particular experience is in the investigation and assessment
of ground conditions for civil and industrial engineering projects, including
substations, hydroelectric and geothermal power developments, roads and
commercial and industrial buildings. A key element of that experience is
assessing natural hazards such as ground instability and the affect of such

hazards on the development potential of land.

| have been engaged by Transpower New Zealand Limited (Transpower)
to prepare and present evidence on geological and geotechnical aspects
of the substation sites, and on the proposed routes for buried high voltage

cables for the North Island Grid Upgrade Project (Upgrade Project).

I 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

6.

8225232

MY evidence will present geological and geotechnical information and

commentary on:

(a) the selection of the proposed Brownhill Substation site;
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(b) earthworks required to develop the proposed Brownhill

Substation site;

(c) the selection of routes for buried 220kV cables from the Brownhill

Substation site to the Otahuhu and Pakuranga Substations;

(d) the upgrading of Brownhill Road required to accommodate large

transporters carrying heavy equipment to Brownhill Substation;

(e) the proposed extensions to the Otahuhu and Whakamaru
Substations;

H the re-building of the Pakuranga Substation; and

(9) the proposed new substation at the Whakamaru North site.

PROPOSED BROWNHILL SUBSTATION

Preliminary assessment of transition station sites

8225232

MY involvement in the selection of the preferred site for the Brownhill
Substation commenced in August 2005, at which time Transpower’s
objective was to find a site for a 400kV overhead line to underground cable
transition station. Although the project later evolved beyond a transition
station to a full 400/220kV substation, | will describe the civil and
geotechnical engineering criteria used in the evaluation of the possible
cable transition station sites, as one of the sites was eventually selected as

the location for the substation.

SEVEN possible transition station sites were evaluated, of which five were
identified by Transpower and two were suggested by nearby residents.
The seven sites are located as shown on the plan annexed to my evidence
(Annexure A). All are within, or close to the proposed transmission line
corridor. Also shown on the plan are possible routes for cables from the

sites to a common point on Ormiston Road.
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10.

11.

12.

8225232

AT that time all prospective sites were on private property, typically
farmland, and assessment was limited to a desk study of available
information, geological mapping from aerial photographs, brief walk-over
inspection where possible, and observations from adjacent properties and
roads. No physical investigations such as geotechnical drilling were

undertaken

THE sites were evaluated on the basis of geotechnical risk and the cost to
construct an acceptable platform on which the transition station would be
located. The cost of constructing an access road and cable route to each
site was also taken into account. The costs were based on conceptual
engineering designs and have a margin of error of approximately 30%.
This level of accuracy was considered acceptable to enable a comparison

of the relative merits of the different sites.

IN addition to these geotechnical considerations | understand that
Transpower took into account a range of other factors when making

decisions concerning possible transition station locations.

THE principal potential geotechnical risk affecting the sites is slope
instability. The study area is part of a distinctive landform terrain known as
the South Auckland Landslide Zone. This zone occurs within very weak
sedimentary rocks comprising alternating beds of sandstone and
mudstone that are collectively known as Waitemata Group. These rocks
are common in the Auckland region, although the incidence of landsliding
is generally lower outside the landslide zone. In the landslide zone, the
beds have been faulted and gently folded and tilted. Slope instability is
widespread and is characterised by low-angle tabular slides controlled by
weak bedding planes, earth slides, soil flows and rotational slumps. Many
of the instability features are old and inactive, but are susceptible to
reactivation if conditions change. Such changes can be climatic (e.g.
wetter periods) or the result of poorly designed and executed earthworks.
Developments can be successfully constructed in the South Auckland
landslide terrain provided the geotechnical limitations are understood and
accounted for in design. This point is evident from the wide variety of land
development and building work which has been successfully carried out on

such terrain.
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13.

14,

15.

16.

17.

BASED on the available information, the degree of slope stability hazard
affecting each of the possible transition station sites and cable routes was
classified as either minor or major. The geotechnical risk associated with
each site was then scored as 1 for favourable, 2 for marginal, and 3 for
unfavourable geotechnical risk. The scores were used as cost weightings

in ranking the sites.

DEVELOPMENT costs estimated for each platform, access road and
cable route are shown graphically in Annexure B. The platform
construction cost has the widest variation, principally due to the difference
between construction on sloping ground with major stability issues (e.g.
site 3) and construction on gentle ground with minor stability issues (e.g.
site 4).

THE costs were adjusted by applying the geotechnical risk weighting to
produce a ranking of the seven sites as shown on the table in Annexure
B. The rankings indicate sites 2 and 4 to be the most favourable based on
civil and geotechnical considerations. Overall, site 2 is slightly ahead of
site 4, as it has a shorter cable route, although site 4 has the least cost just
for platform construction. Likely ground stabilisation and earthwork costs

quickly escalate for the remaining sites.

IN comparing the two most favourable sites, it should be noted that the
estimates do not allow for provision and installation of cables. As cable
costs are considerable, they most likely would change the rankings

otherwise determined solely on geotechnical grounds.

IN summary, the preliminary geotechnical assessment of possible

transition station sites concluded sites 2 and 4 to be the most favoured.

Selection and assessment of possible Brownhill Substation sites

18.

8225232

FOLLOWING Transpower's decision to progressively develop a full
400kV/220kV substation in the South Auckland area, fourteen possible
sites were evaluated by Transpower as described in the evidence of Mr
Taylor. Of the 14 sites, | inspected four. The remaining ten sites |
understand were rejected by Transpower on non-geotechnical grounds

and therefore did not require my consideration. Based on my inspections,
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19.

20.

21.

22,
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none of the four had significant geotechnical constraints that would
preclude their development as a substation. At the completion of
Transpower's substation site selection process, Maunsell was requested to
assess possible substation sites on Transpower's property in Brownhill
Road. The property includes the selected site, which is identified as site 9

in Mr Taylor's evidence. Site 9 is the same as transition station site 4.

A development platform required for a full substation is considerably larger
than for a transition station. For example, the platform area required for
the transition station is approximately 70m by 40m compared to
dimensions of 330m by 170m for an outdoor (AIS) substation and 130m by
110m for an indoor (GIS) substation. Thus, while site 2 was considered
adequate for the transition station it would be difficult to establish the full

substation at that site.

PRIOR to presenting my assessment of the substation options | will briefly
describe the general landforms and geology of the Transpower property.
To aid my description | will refer to the engineering geological map
annexed to my evidence (Annexure C). The approximate property

boundary is illustrated on the map.

THE property consists of a generally north/south oriented valley (central
valley on the map) and steep land at the head of an adjacent catchment to
the west. The central valley opens to Turanga Creek at the northern
property boundary and the ephemeral stream in the valley floor has been
dammed along its length to create small farm ponds. These are shown in
Annexure D, Photograph 1. Valiey slopes are steep except for the
northern end of the property, which has more gentle slopes (Annexure D,

Photograph 2). The land is currently in pasture.

AS previously described, the property is in the South Auckland Landslide
Zone and most of the moderate and steep valley slopes have been
affected by past instability. The instability is complex and dominated by
multiple regressive and translational slides producing characteristic bench
and scarp topography which can be seen in Annexure D, Photograph 3.
West facing slopes are most affected by such movements, producing low

angle planar features consistent with translational block slides.
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23.

24,

25,

26.

8225232

TWO basic substation layouts were required by Transpower to be
evaluated for the site. These were a 400kV/220kV outdoor station (AIS)
and 400kV/220kV indoor (GIS) station. The initial development at the site
would be a Cable Transition Station (CTS).

THE platforms for the substation layouts were positioned on the property

giving due consideration to:

(a) the requirement for a continuous level platform;

(b) avoiding areas with high geotechnical risk, which generally meant

avoiding significant slope instability as much as possible;

(c) the need to provide heavy vehicle access to the transformer bays

at a maximum gradient of 6%;

(d) containing works to within property boundaries;

(e) achieving a cut-to-fill earthworks balance to minimise importing or

exporting significant quantities of material; and

U maximising visual screening provided by ridges.

IN terms of most of these criteria the gentler slopes of the northern end of
the property present fewer constraints to the development compared to the
remainder of the property, which has moderate to steep slopes and

instability is common.

AN outdoor (AlIS) substation requires a development platform with
dimensions of about 330m by 170m, which is significantly larger than the
130m by 110m platform required for the indoor (GIS) station. Options for
AIS locations on the property are therefore essentially limited to a single
site. A workable location is illustrated in Annexure E, Figure 6. In
contrast three locations were considered for the GIS option, as shown in
Annexure E, Figures 7, 8 and 9. The platforms for the GIS options
include an allowance for the CTS, which would be decommissioned
following the later, staged, development of the full substation on the

platform.
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27.

28.

29,

30.

31.

8225232

THE GIS at Location 1 straddles the ridge east of the central valley, while

the GIS platforms at Locations 2 and 3 are substantially in the valley.

FIELD investigations comprising driltholes, inspection pits and field
mapping were undertaken to aid the geotechnical assessment of location
options. Investigation locations are illustrated on the layout figures in
Annexure E. The field investigations were mainly aimed at assessing the

large instability feature that is closest to the development sites.

BASED on the mapped area of instability, the GIS platforms at Locations 1
and 2 generally avoid significant identified ground instability, while the
Location 3 GIS option encroaches into an area of bench-and-scarp
instability.

THE preliminary geotechnical investigations and analyses confirm that the
identified possible sites for AIS and GIS platforms are feasible based on
geotechnical criteria. Of the GIS options, the platform at Location 1
requires the least earthworks, has lower cut slope heights and has
shallower fills. In addition, the platform can be located in an area
substantially free of identified ground instability and therefore has the least
geotechnical risk. The relatively small earthworks volume means that it is
likely that the earthworks could be completed in one earthworks season. A
GIS option at Locations 2 and 3 requires more earthworks than Location 1,

but not the magnitude of earthworks required for the AIS platform.

PRELIMINARY civil works costs have been estimated for each of the
options. The estimates include a price contingency of 30% and allow for
construction of the platform, access road and slope stabilisation measures
likely to be required. An estimate is also provided for the separate
transition station to go with the AlS option. A breakdown of the estimates

is provided in Annexure F and summarised as follows:

¢« AIS $19,520,000
¢ Transition Station $940,000
e  GIS Location 1 $6,630,000
¢ GIS Location 2 $7,210,000
e  GIS Location 3 $11,790,000
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32.

IN summary the relative merits of the different options, in terms
geotechnical risk, civil works costs and physical impact are set out in
Table 1.

Table 1
Item AlS GIS 1 GIS 2 GIS 3 Traretics

Station

Development : : .

Footprint Very large Medium Medium Medium Smali

Earthworks Volume | Very large Medium Medium Medium Small

Earthworks Impact High High Moderate Moderate High

Geotechnical Risk Med to high Low Medium to low High Low

33. WHILE GIS 1 has the lowest cost and least geotechnical risk, it is located

34.

35.

8225232

on the crest of the ridge and therefore has a potentially high visual impact.
The GIS 2 and 3 options were located in the central valley to take as much
advantage as possible of the partial screening provided by the ridge. Of
those two options, GIS 3 has the greater screening potential but has a
much higher geotechnical risk. On balance | support Transpower's
selection of GIS 2 as the preferred location for the substation. From a

solely cost and geotechnical risk point of view, it is a suitable location.

DURING the course of evaluating sites on Transpower's property,
Maunsell was requested to assess the feasibility of constructing a GIS
substation on an adjoining property to the east owned by Mr & Mrs Dodd.
A part of the property was suggested by the owners as possibly being
suitable for the substation. | inspected the suggested location,

accompanied by Mr Dodd.

THE land suggested for the site is moderately sloping and includes
Turanga Creek, which bisects the block. A possible GIS layout is
illustrated on the figure in Annexure G. To fit the platform on the Dodd
property would require construction over Turanga Creek, with fills in the
order of 8m deep, and intrusion with a substantial cut into the stand of
bush on the west side of the creek. Construction over the stream would
require a large, twin box-culvert about 120m long under the platform, as an
open watercourse diversion around the platform is not considered feasible

due to steep slopes. Avoiding construction over the creek would require
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36.

37.

the platform works to extend into the neighbouring property to the east by

up to about 60m.

THE Dodd site has a medium geotechnical risk, as it is at the toe of planar
slope that may be susceptible to block sliding as a resuit of excavating into
the toe to construct the platform. In assessing development costs,

therefore, it is assumed that slope stabilisation will be required.

IN conclusion and as a comparison, the geotechnical risk associated with
developing the Dodd property is considered to be greater than for the GIS
2 location and, based on the preliminary assessment, the cost for civil
works would be considerably higher (GIS Dodd, $13,000,000 versus GIS
2, $7,200,000).

Substation platform construction

38.

39.

8225232

A possible layout for the GIS substation at Location 2 is illustrated in
Annexure E, Figure 8. The platform comprises two roughly square areas
offset to better fit within the valley and minimise earthworks while
maintaining required orientations for substation equipment. It is expected
that subsequent optimisation of the layout, particularly the location of the
transition station on the platform, will reduce the platform area and further
reduce earthworks volumes. Access to the platform would be via a new
road from Brownhill Road. The access road would have a maximum
grade of 6%, which is the maximum grade recommended for transporters

bringing heavy equipment such as transformers to the site.

PLATFORM construction will require cutting into the flanks of the ridges
either side of the central valley and filling in the valley. Maximum cut
height is approximately 12m, on the eastern ridge, and maximum fill
thickness is 9m at the downstream end of the platform. Cut volume is
approximately 49,000m° and fill volume, 40,500m® The cut volume
includes unsuitable valley floor material, which will be placed in waste fills
on the property. An objective of future platform optimisation will be to
balance cut and fill to minimise the requirement for disposal of excess cut.
The optimisation process would involve adjusting the elevation of the

platform in the order of a few hundred millimetres in addition to modifying
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40.

41.

Table 2

the layout to minimise earthworks volumes as noted in the previous

paragraph.

PRIOR to filling, the small central valley watercourse will be diverted and
all weak unsuitable valley floor materials removed in accordance with
normal earthworks practice. Underfill drainage will be provided as
required by the actual conditions encountered during construction. The
small watercourse will be permanently diverted around the western side of
the platform in an open channel. This is preferable to piping the stream
under the platform as the culvert pipe would interfere with equipment
foundation piles. In addition, the overland flow path that would be required
in the event of pipe blockage would be of similar dimensions to the
diversion channel, which essentially makes the culvert redundant. A
typical layout of the diversion channel, incorporating small drop structures,

is illustrated on the drawing in Annexure H.

A key element of platform construction is the stability of the cut slopes on
the eastern and southern sides. The southern cut slope will be partly in
the debris remaining from past episodes of instability. As that material has
been disturbed by failure it will have low strength and therefore could be
de-stabilised by excavating the cut slope for the platform. Slope stability
analyses were therefore directed at assessing the stability of that section
of the excavated slopes. The results of the analyses together with target
safety factors are summarised in Table 2. The target safety factors are the
minimum values commonly accepted in geotechnical engineering design

for facilities such as substations.

Computer slope stability analyses

Analysis Case

Factor of Safety (FoS)

Target FoS

Platform cut slope

0.99

1.5

Platform cut slope, lowered groundwater
level

1.36

1.5

Slope improvement (Shear key)

2.21

1.5

Slope improvement (Shear key and
drainage)

2.46

1.5

Seismic Load — 250yr Return Period

1.40

1.3

Seismic Load — 1000yr Return Period

1.05

1.0

8225232
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42,

43.

THE results indicate that the previously failed material, when cut at a
gradient of 1 vertical to 3 horizontal (1v:3h), does not meet the minimum
factor of safety and therefore slope stability improvement will be required
to ensure satisfactory long-term performance of the slopes. A number of
engineering options are routinely used for slope stabilisation in such
circumstances. These include shear piles, shear keys and drainage. The
analyses indicate that lowering groundwater level alone may not be
sufficient to achieve the minimum required factor of safety of 1.5. A shear
key was therefore modelled as an example of additional slope
improvement. The level of stability improvement, as shown by factors of
safety above 2, illustrates that the cut slopes in previously failed ground
can achieve satisfactory stability by such methods. Actual slope
improvement designs can be assessed and optimised as part of

subsequent investigation and design phases for the project.

AN issue that was raised during public consultation is the possible adverse
effects on the substation site of hot water associated with the Whitford
thermal groundwater resource. The resource was identified in the 1980s
by accident | understand, as a result of drilling for normal cold
groundwater. The resource was the subject of an Auckland Regional
Water Board report dated July 1988. Information from that report indicates
the thermal groundwater is at a temperature of about 50 degrees and was
found in bores in the Brownhill Road area. According to the report the hot
water is associated with two intersecting ancient faults, the Whitford Fauit
and the Polo Lane Fault. Groundwater heated at depth by the natural
geothermal gradient percolates upward via cracks caused by the faults.
The hot water does not come to the surface as springs but is found only in
bores. Given these particular features of the thermal field, the possibility
that significant geotechnical issues would arise as a result of the presence

of the field is considered remote.

UNDERGROUND CABLES

44.

8225232

A general description of the buried cable routes from the Brownhill
Substation site to the Pakuranga and Otahuhu Substations is being
presented in the evidence of Mr Wildash. Since mid 2005, Maunsell has
advised Transpower on civil engineering and geotechnical issues

associated with the assessment of possible options for each of the routes.
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45,

Following confirmation of the preferred routes, geotechnical investigations
were undertaken to provide information on ground conditions for design of
the civil works, and also to assess cable trench excavation conditions. In
addition, the field investigations included thermal resistivity testing, the

results of which are used in the design of the cable instailation.

BOTH routes cross land mapped in the South Auckland Landslide Zone.
Assessment of that land was made on the basis of existing geotechnical
information and aerial photograph interpretation, but also included site
geological mapping and subsurface investigations where access
permitted.

Brownhiil Substation site to Otahuhu Substation

46.

47,

8225232

THE route to Otahuhu Substation is shown in Map Book, Series 3, pages
8, 9, 10 and 11. From the Brownhill Substation site the route is westward,
crossing steep land up to Redoubt Road/Regis Lane ridge, then
northwards along the ridge to Ormiston Road. After a short section along
Ormiston Road the route continues westward, crossing moderate to steep
private land to Jeffs Road. The point where the route meets the flatter
topography of Jeffs Road generally marks the western limit of the landslide
zone. The terrain from that point to Otahuhu Substation is flat to gently
rolling and the route is mainly in public roads except for a section in the
Manukau City Council (MCC) stormwater reserve between Chapel Road
and East Tamaki Road. Of the nearly 10km length of the route, 6km are

on the flatter terrain.

AN objective of route selection in the Southern Landslide Zone was to
utilise ridges and spurs wherever possible, rather than sidle across slopes.
The threat posed by ground instability is significantly greater on the side
slopes and construction costs to mitigate the geotechnical risk are
therefore considerably higher. Thus the route selected from the Brownhill
Substation site is on a ridge on private land to the west of the site. The
ridge, referred to as the Regis Park ridge, connects to the north/south
oriented Redoubt Road/Regis Lane ridge. Options for a route to the
Redoubt Road ridge that stayed in the Transpower property were
examined but discounted due to potential routes being considerably longer

or having greater geotechnical risk resulting from the need to cross
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unstable slopes. | will now describe in more detail the different sections of
the route to Otahuhu Substation.

Regis Park Land

48,

49,

THE section of route west from the substation site is on land owned by
Regis Park. The route is illustrated on an engineering geological map of
the area, a copy of which is in Annexure C. The map has been prepared
from an interpretation of aerial photographs and a brief walkover
inspection. To date, access constraints have precluded subsurface

investigations to more fully assess instability features.

THE generally steep slopes and considerable evidence of slope instability
on the property limit cable route options. The selected route follows a
prominent ridge up to Redoubt Road and, while the ridge is flanked by
steep slopes that show evidence of instability, with appropriate
engineering, the ridge route is considered feasible for two cable circuits.
Engineering works would include excavation to ease gradients and
construction of retaining walls to support cuts and fills. Other methods of
stability improvement include slope reinforcement, barrier walls and

subsurface drainage.

Redoubt Road Ridge

50.

51.

52.

8225232

FROM the Regis Park land the route is northward along the ridge to
Ormiston Road. The southern part of the route is along Regis Lane and

the northern part is in private property and land owned by Transpower.

SLOPE instability affects some of the slopes flanking the ridge and these
will require stabilisation works to ensure a secure cable route. The
engineering works would be similar to those required to improve the Regis

Park section of the route.

AS part of the assessment of route options in Regis Park land and along
Redoubt Road ridge, | was requested by Transpower to compare costs to
develop the route for two and four cable circuits. Assessing the four circuit
option was to aid the evaluation of possible routes for the Brownhill-

Pakuranga cable circuit as detailed in Mr Wildash's evidence.
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53.

GIVEN that the ridges are narrow, the engineering works to construct and
stabilise the routes would be expected to be considerably greater for the
four circuit option as it would require approximately twice the corridor
width. The estimates for civil engineering works are preliminary and
developed for the purposes of a cost comparison only. For each option
two cases were considered. One case is for the works to be contained
within the designation, and the second case would allow the works to
extend beyond the designation limits. Allowing the works to extend
beyond the designation reduces considerably the requirement for

expensive retaining structures. The cost comparison is shown on Table 3.

Table 3
Option Cost estimate (includes
30% contingency)
Two circuits — Works within designation $25,300,000
Two circuits — Works extend over $6,000,000
designation
Four circuits — Works within designation $42,100,000
Four circuits — Works extend over $12,500,000
designation

Ormiston Road to Jeffs Road

54.

55.

8225232

THE section of route in Ormiston Road is short and few geotechnical
issues would be expected. From the road the route crosses a cut slope
8m to 10m high beyond which is the Smith property. Installing the cables
in inclined drillholes would avoid interfering with and possibly destabilising
the cut slope. However, trenching down the slope is an option, but would

require retaining structures to reinstate the slope and maintain stability.

THE Smith property and remaining few hundred metres of route north to
Jeffs Road includes mainly moderately sloping land with short steeper
sections. My geotechnical assessment of this section is based on aerial
photographs and topographic maps. Access constraints have prevented
more detailed assessment. Some slopes are affected by instability;
however, the scale of instability is such that with appropriate slope

stabilisation works a safe route can be established. Such works could
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include slope reinforcement, retaining walls and drainage measures and

would be finalised following detailed geotechnical investigations.

Jeffs Road to Otahuhu Substation

56.

57.

58.

59.

8225232

FEW geotechnical problems and issues would be expected along the
section of the route on flatter terrain between Jeffs Road and the
substation. Cable trenching conditions are expected to be conventional
with reasonable trench wall stand-up time and generally low rates of water
entry into trenches. Trench support measures typically will be required,
although benching could be utilised in open areas where space allows.
Rock in trench excavations is not expected except possibly for a short

section in East Tamaki Road.

THE section of route in the MCC drainage reserve west of Chapel Road
includes a short section on an embankment between two stormwater
ponds and, west of Te lIrirangi Drive, a section alongside a small
watercourse that originates as two branches from the stormwater ponds.
The two branches combine before passing under Te Irirangi Rd in a
culvert. A site map illustrating the various features on this section of route
is provided in Annexure J, along with marked up photographs showing

possible engineering methods for constructing the cable trenches.

AT the stormwater ponds the trenches would be constructed near the base
of the embankment that separates the ponds, as the embankment crest is
occupied by a sewer main (Annexure J, Photograph 1 and Cross
Sections Figure 1). Investigations show that the trenches would be
excavated in firm ground and permanent support is unlikely to be required
Temporary retaining will be provided during construction to maintain
stability of the embankment (Annexure J, Cross Sections Figure 1). The
trenches would be underwater during periods of high water in the pond;

however | understand that this situation is not detrimental to the cables.

PAST the stormwater ponds the route crosses under the exposed sewer
pipe as shown in Annexure J, Photograph 1. The route then is under the
small watercourse that drains the southern pond (refer Annexure J, Site

Map). The next obstacle is crossing Te Irirangi Drive. As the road is on a
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60.

61.

relatively high embankment, a feasible crossing method would be to thrust
or jack a pipe of suitable diameter through the embankment within which
the cables would be laid. Temporary retained pits would be required each
side of the embankment from which the pipes are jacked and received. A
cross section through the embankment showing the jacking pits is

presented in Annexure J, Cross Sections Figure 2.

WEST of Te lrirangi Drive the route is within a shallow gully incised into
the surrounding plain. The cable trenches would be excavated in the flat
valley floor as illustrated in Annexure J, Cross Sections Figure 1 and
Photographs 2 and 3. The valley floor is well vegetated and there were
no indications that the channel is actively eroding. In places, retaining
structures will be required to provide support to the route and maintain the
stability of valley slopes where excavation is required. Typical details of
possible construction methods through the stormwater reserve are
illustrated on the figures in Annexure J. At the western end of the gully
section the route crosses the watercourse before rising to the level of the
plain. The crossing is shown in Annexure J, Photograph 3. Few
geotechnical issues would be expected with burying the cables under the

stream bed.

THE remainder of the route to Otahuhu Substation is on the plain. Few
geotechnical issues would be expected along that section of the route.
The crossing of Otara Creek will require some works in the stream bed.

Few geotechnical issues would be expected with such works.

Brownhill Substation site to Pakuranga Substation

62.

8225232

THE route to Pakuranga Substation is substantially either along public
roads or in the road reserves for roads that have not been constructed (i.e.
along paper roads). The main sections of the route, commencing at the
Brownhill site, are Brownhill Road, Whitford Park Road, Sandstone Road,
unformed Caldwells Road, the short formed section of Caldwells Road,
Point View Drive, private property between Point View Drive and
Dunvegan Rise, and MCC streets to Pakuranga Substation. Near
Pakuranga Substation the route is in a MCC stormwater reserve. The

Route is illustrated on the map in Annexure K.
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Brownhitl Road

63.

64.

65.

66.

67.

68.

8225232

AS described in the evidence of Mr Joyce, Brownhill Road is to be
upgraded, principally to accommodate the large transporters that will bring
heavy loads to the Brownhill Substation site as part of Stage 3 of the
Upgrade Project. in typical circumstances, upgrading the road would be
undertaken closer to the time when transporter movements are required,
which could be 20 to 30 years after cable laying. | understand that in this
case the decision was made to include road upgrading in the cable laying
works to avoid the possibility of adversely affecting the cables by

subsequent upgrade works.

THE length of road to be upgraded is 1.9km of which 1.22km is currently
sealed. The road width of 5m to 5.5m is too narrow for the transporters
and there are a number of corners and humps that would be too restrictive
to transporter movement. The bridge over Turanga Creek, about 190m
north of the Transpower property, is too narrow and the bridge approaches

have curves that are too tight. A new crossing is required.

THE road is owned by MCC and the upgrading works are proposed to

meet their minimum standards.

BETWEEN the Whitford Park Rd intersection and the 1.35km point, the
upgrade requirements are relatively minor, involving widening the sealed
carriageway to the required 6m and curve easing. A typical view of this

section is shown in Annexure L, Photograph 1.

BETWEEN 1.35km and 1.52km the road reserve is narrow and the
western boundary follows Turanga Creek. The existing road encroaches
over the western road reserve boundary along most of this section. The
upgraded road will be moved a few metres to the east to avoid boundary
encroachment. A hump at about 1.46km will be lowered by up to half a
metre to achieve the required vertical alignment (Annexure L,
Photograph 2).

BETWEEN 1.55km and 1.74km the carriageway has been moved to the

eastern side of the road reserve to improve the curve and avoid steep
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slopes adjacent to Turanga Creek (Annexure L, Photograph 3).
Realigning the curve also improves the approach to a new crossing at
Turanga Creek. The realignment will require cutting into the slope on the
eastern side, creating cuts in the order of 3m high. To avoid the cuts
extending into the adjacent property will require retaining walls over a
length of about 50m.

AT 1.74km Brownhill Road separates into two sections, with the main road
turning south-east, and an access track continuing south-west for 200m to
the Transpower property (Annexure L, Photograph 4). Minor
improvements will be required at the intersection, while the access track
requires significant upgrading, including the new crossing over Turanga
Creek. All work will be confined to the existing road reserve except for the
last 60m to the Transpower property. The road reserve frontage at the
Transpower property is too narrow and therefore the road will extend into

the neighbouring property to the east by up to 8m.

A bridge rather than culvert was recommended for the new crossing at
Turanga Creek based on cost and the fact that a bridge requires
considerably less work in the stream. Replacing the existing undersized
bridge (Annexure L, Photograph 5) will improve the waterway opening at
this point, which will be beneficial to flood passage. A drawing that
illustrates the basic concept of the bridge is provided in Annexure M. The
bridge design is for a clear span with abutments supported on piles. Bank

protection will be provided to minimise scour.

TURANGA Creek borders the road for about two thirds of its length. The
bank is well vegetated and appears not to be significantly affected by
instability or stream erosion. Between 1.4km and 1.7km the road in places
is close to the bank. As described earlier in my evidence the road
generally will be moved eastward away from the bank over this section. At

a number of locations however, some bank support may be required.

CUT slopes required for the upgrade are generally less than 1m high and
except for the section near the Transpower property, will be contained
within the road reserve. New slopes cut to gradients up to 1v:2h are

acceptable for heights not exceeding 3m. Where cut slopes are required
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