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Executive Summary

The Additional Waitemata Harbour Crossing study of the route between the Central Motorway Junction
and  Northcote  Road  is  required  to  contribute  to  an  affordable,  integrated,  safe,  responsive  and
sustainable land transport system.  NZ Transport Agency commissioned Beca and AECOM to carry out
the study for a road and rail crossing that is either a tunnel or a bridge, or combination of both. This
Preliminary Geotechnical Appraisal Report provides a review of the geotechnical information available,
identifies  geotechnical  risks  and  constraints,  and  provides  design  parameters  suitable  for  the  Form
Assessment.

The project area is from the existing Northcote Road Interchange, across the Waitemata Harbour, to the
Central Motorway Junction. The northern section of the site is predominantly on the existing intertidal
flats of Shoal Bay adjacent to the existing motorway. The existing motorway follows the historic
coastline and is partly on reclaimed land. There are two volcanic explosion craters to the west of the
existing motorway with narrow drainage channels that cross the alignment. The alignment crosses the
Waitemata  Harbour  which  has  a  lowest  seabed  level  of  RL  -26m  in  the  project  area.  The  southern
connections will be through the historic reclaimed areas of Wynyard Quarter and Victoria Park, to the
Central Motorway Junction.

Bored  tunnels  will  preferably  be  aligned  in  the  East  Coast  Bays  Formation  (ECBF)  rock  which  is  a
suitable material for Tunnel Boring Machines, ideally Earth Pressure Balance Machines to control water
pressures and mitigate risks associated with poor ground conditions. At least one tunnel diameter rock
overburden cover will be preferred, which will require the road level to be 50m below mean sea level in
the central harbour. Immersed tube tunnels could be founded within reasonable depth assuming
ground improvement was carried out in any soft soil unit. Cut and cover tunnels will be feasible in any
of the anticipated ground conditions, however, extensive ground improvement may be required in the
soft soils.  Large diameter bored cast in place piles are recommended for bridge foundations.

The primary geotechnical constraints for the northern connection will be the presence of locally deep
soft  soil  deposits;  and  for  the  southern  connection  will  be  the  proximity  of  the  property  boundary
locations. Extensive ground improvement and retaining walls are likely to be required.

The harbour is a drowned river valley that formed in the ECBF and coastal features are well developed.
The ECBF  is  a  flysch  deposit  comprising  extremely  weak interbedded sandstones  and siltstones.  It  is
typically horizontally bedded, but structurally complex zones occur locally. There are no active faults
known in the project area. Thrust faulting and cross cutting normal faulting is inferred to occur. Parnell
Grit,  a  subunit  of  ECBF,  is  present  and is  typically  strong.  ECBF  weathers  to  a  residual  soil,  which  is
typically a stiff clayey silt, and is up to 5m thick in the project area.

Construction  fill  or  historic  reclamation  fill  is  present  across  most  of  the  land  areas.  Recent  marine
sediments occur in most marine areas and locally under reclamation fill. There are tuff, ash and basalt
deposits  located  locally  in  the  northern  section.  Alluvial,  estuarine  and  coastal  deposits  are  present
below the fill and marine deposits. There are several paleo-channels located in project area, which are
infilled with older alluvial sediments.
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The  soil  units  are  likely  to  act  as  a  single  unconfined  aquifer  and  will  be  the  most  affected  by
construction works, and have the highest potential to result in groundwater drawdown settlements.
The  permeability  of  the  ECBF  rock  is  dominated  by  fracture  flow.  All  units  will  have  large  local
variations  in  permeability.  The  groundwater  flow  in  the  southern  section  is  broadly  from  south  to
north,  where  groundwater  levels  vary  from RL  +5m to  RL  +1m respectively.  Elsewhere,  groundwater
levels are likely to be close to mean sea level and may vary due to tidal influence.

Whilst the existing geotechnical information is adequate for the Form Assessment design phase,
significant risks will be identified and presented in the assessment. Risks identified at this stage
include  the  uncertain  depth  to  rockhead  between  the  Westhaven  breakwater  and  Wynyard  Quarter,
which could impact on the feasibility of the bored tunnel options; and the depth of soft soils in Shoal
Bay, which will impact the feasibility of the options for the northern connection. Extensive geotechnical
investigations will be required for future design phases. It is recommended that the initial database of
geotechnical data prepared for this report is developed further and maintained during the future
planning, design and construction phases of the project.



NZ Transport Agency
Additional Waitemata Harbour Crossing

Status Final – Rev C Page 1 September 2010
Document Reference No. 60157303 AWHC Preliminary Geotechnical Appraisal Report Rev

C.docx

1. Introduction

The  Additional  Waitemata  Harbour  Crossing  study  of  the  route  between  the  Central  Motorway  Junction  and
Northcote  Road is  required  to  contribute  to  an  affordable,  integrated,  safe,  responsive  and sustainable  land
transport  system.   NZTA  commissioned  Beca  and  AECOM  to  carry  out  the  study  of  the  Option  2  corridor
identified in 2008 for a road and rail crossing that is either a tunnel or a bridge, or combination of both.

This Preliminary Geotechnical Appraisal Report provides a review of the geotechnical information available
including published maps, previous studies, and existing site investigation reports. The information is
summarised in Section 3 and comments regarding the adequacy of the information are included in Section 5. A
geological model has been prepared and is presented in Section 4 with drawings depicting the interpreted
geology included in the appendices. Geotechnical parameters to be used as a basis for the design during the
study are presented in Section 7.

The report also includes sections on geohazards and geotechnical risks; considerations for design; and
considerations for construction.

2. Project Description

The Additional Waitemata Harbour Crossing will improve the resilience of the transport system across the
harbour.   The  project  includes  either  a  bridge  or  tunnel,  or  combination  of  both,  to  carry  road  and  rail  for
southbound and northbound traffic.  Connections between the project and the existing transport network will
be  required  at  the  northern  and  southern  coastlines.  The  project  location  is  shown  on  Drawing  GE-005  in
Appendix A.

In total eight options (four bridges and four tunnels) were considered as a long list of options. These options
are described in the table below and are shown on Drawing RD-011 in Appendix A.

Table  1  makes  reference  to  the  NoR  alignment.  NZTA  and  KiwiRail  submitted  a  number  of  Notices  of
Requirement (NoR) in 2009, to seek designations within both Auckland City and North Shore City District Plans
for the protection of land to allow the construction of the preferred crossing. The NoR alignment was based on
the preferred option identified in the 2008 Waitemata Harbour Crossing Study.  This option consisted of two
driven tunnels with three lanes in each direction for road traffic and two separate single track tunnels for rail
passenger transport.
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Table 1 Form Assessment Alignment Options

Option Description Location Features

T1 All tunnel option for road and rail.
Two bored tunnels for road (three
lanes in each tunnel) and two bored
tunnels for rail (one track in each)

Road and rail on NoR alignment Road tunnel 2.7km, 15.5m
dia. 3 lanes in each
direction. Rail tunnel
4.2km 6.9m dia 1 track in
each direction

T2 All tunnel option for road and rail.
One immersed tube tunnel for road
(three lanes in each direction) and
one immersed tunnel for rail (one
track in each direction)

Road and rail on NoR alignment Road tunnel 2.1km, 32m
by 11m box, 3 lanes in
each direction. Rail tunnel
3.1km 13m by 11m box, 1
track in each direction

T3 All tunnel option for road and rail.
One immersed tube tunnel for road
(three lanes in each direction) and
one immersed tunnel for rail (one
track in each direction)

Road and rail west of NoR
alignment through central and
southern sector with road
aligning with NoR at Victoria
Park.

Road tunnel 2.1km, 32m
by 11m box, 3 lanes in
each direction. Rail tunnel
3.1km 13m by 11m box, 1
track in each direction

T4 All tunnel option for road and rail.
Two bored tunnels for road (three
lanes in each tunnel) and two bored
tunnels for rail (one track in each)

Road and rail west of NoR
alignment through central and
southern sector, traversing the
residential and business area in
the vicinity of the gasworks site
/ Beaumont Quarter apartments
in the southern sector. Rail on
NoR alignment.

Road tunnel 2.6km, 15.5m
dia. 3 lanes in each
direction. Rail tunnel
4.2km 6.9m dia 1 track in
each direction

B1 Road bridge and rail tunnel.
The road bridge is three lanes in
each direction and also provides for
pedestrian and cyclists. The rail
tunnel will either be (a) an
immersed tube or (b) two bored
tunnels, with one track in each
direction.

Road and rail west of NoR
alignment through central and
southern sector, traversing the
residential and business area in
the vicinity of the gasworks site
/ Beaumont Quarter apartments
in the southern sector. Rail on
NoR alignment.

Road bridge 3.5km, 3
lanes in each direction.
Rail tunnel 4.2km, 6.9m
dia., 1 track in each
direction.

B2 All bridge for road and rail.
The road bridge is three lanes in
each direction and also provides for
pedestrian and cyclists. The rail is
on a separate bridge with one track
in each direction.

Road and rail west of NoR
alignment through central
sector. Road traverses the
residential and business area in
the vicinity of the gasworks site
/ Beaumont Quarter apartments
in the southern sector. Rail on
NoR alignment.

Road bridge 3.5km, 3
lanes in each direction.
Rail bridge 2.9km, 1 track
in each direction.

B3 Road bridge and rail tunnel.
The road bridge is three lanes in
each direction and also provides for
pedestrian and cyclists. The rail
tunnel will either be (a) an
immersed tube or (b) two bored
tunnels, with one track in each
direction.

Road west of NoR alignment
through central and southern
sector with road aligning with
NoR at Victoria Park. Rail on NoR
alignment.

Road bridge 2.8km, 3
lanes in each direction.
Rail tunnel 4.2km, 6.9m
dia., 1 track in each
direction.
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Option Description Location Features

B4 All bridge for road and rail.
The road bridge is three lanes in
each direction and also provides for
pedestrian and cyclists. The rail is
on a separate bridge with one track
in each direction.

Road and rail west of NoR
alignment through central and
southern sector with road
aligning with NoR at Victoria
Park.

Road bridge 2.8km, 3
lanes in each direction.
Rail bridge 2.9km, 1 track
in each direction.

The evaluation process short listed option B3 as the top ranked bridge option and option T1 as the top ranked
tunnel option. These two options have been taken forward for further assessment.

2.1 Northern Section

The northern section comprises the project area north of Northcote Point including the approach to the
harbour  crossing.  Connections  with  the  existing  northern  motorway  will  be  provided  at  Esmonde  Road  and
Onewa Road. Provision will be made for connections to a future Akoranga rail station on the North Shore.

Bridge or culvert structures over estuarine water courses will be required. Any tunnel option will include portal
structures, cut and cover tunnels and ancillary structures such as fire life safety facilities.

Reclamation for embankments or viaducts is likely to be required to the east of the existing motorway.
Temporary or permanent reclamation would also be required for cut and cover tunnel structures. Retaining
walls are likely to be required for any widening of the existing motorway between Esmonde Road Interchange
and Northcote Road Interchange.

2.2 Central Section

The central section comprises the crossing over the Waitemata Harbour. There are several options being
considered for the main crossing as discussed below and in Table 1 above.

2.2.1 Road

Three lanes each are proposed for northbound and southbound movements. The following options are being
considered:

Nominally 15m diameter bored tunnels. Vertical alignment likely to target the ECBF rock.

Immersed tube tunnel. Precast concrete structures placed in excavated trench in harbour seabed and
backfilled.

Harbour Bridge. Multi-span structure, such as cable stayed, with navigation channels. Viaduct likely to
extend over shallow marine and land areas to reduce landtake.
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2.2.2 Rail

Single  track  is  proposed  for  northbound  and  southbound  movements.  The  following  options  are  being
considered:

Twin nominally 7m diameter bored tunnels or single nominally 12m diameter bored tunnel. Vertical
alignment likely to target the ECBF rock.

Immersed tube tunnel. Precast concrete structure placed in excavated trench in harbour seabed and
backfilled. Probably a single structure for both tracks.

Harbour Bridge. Combined with the road bridge or on separate structure.

The twin nominally 7m diameter bored tunnel option has been taken forward for further assessment.

2.3 Southern Section

The southern section comprises the project area on land to the south of the Waitemata Harbour, including any
proposed  reclamations.  The  road  connections  will  be  with  the  existing  motorway  network  at  the  Central
Motorway  Junction.  CBD  connections  will  be  from  the  existing  Auckland  Harbour  Bridge.  Tunnels  and  /  or
bridge structures will be required through Wynyard Quarter and Victoria Park. The existing Victoria Park
Viaduct will be removed as part of the project. The removal of existing buildings may be required.

The rail component of the project terminates at a nominated underground station beneath Gaunt Street.

3. Factual Information
3.1 Site Description

Existing geographical features are shown on Drawing GE006 included in Appendix A.

3.1.1 Northern Section – North Shore

The northern  extent  of  the  project  is  at  the  SH1 Northern  Motorway  Northcote  Road interchange.  Northcote
Road,  Esmonde Road and Onewa Road interchanges  include  links  to  the  local  traffic  network  and the  North
Shore  Busway.  The  existing  Akoranga  Busway  station  is  located  to  the  north  east  of  the  Esmonde  Road
Interchange.

The proposed alignment is typically on the foreshore of Shoal Bay, which is a relatively small bay off the main
inner Waitemata Harbour, to the east of the existing SH1 northern motorway. The North Shore Busway merges
with the motorway between Esmonde Road and Onewa Road interchanges. The only existing structures east of
the  motorway  (south  of  Esmonde  Road  Interchange)  are  located  at  the  abutment  of  the  Auckland  Harbour
Bridge.
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The  existing  motorway  is  located  in  a  broad  valley  between  Esmonde  Road  and  Northcote  Road.  The  North
Shore  Busway  runs  adjacent  to  the  motorway  on the  eastern  side.  There  are  earthworks  and retaining walls
along the corridor. A pedestrian bridge over the motorway is located to the north of Esmonde Road.

Most  of  the  project  area  south  of  Esmonde  Road  is  intertidal.  There  are  deeper  narrow  channels  that  drain
estuarine  lagoons  or  creeks,  for  example  at  the  Tank Farm crater.  There  are  two volcanic  explosion craters
located to the west of the motorway between the Onewa Road and Esmonde Road interchanges. The Onepoto
Crater  is  located  further  south,  to  the  north  west  of  the  Onewa  Road  interchange.  The  crater  is  partially
reclaimed  with  playing  fields.  The  remainder  of  the  crater  is  a  reserve  with  estuarine  mangroves.  The  Tank
Farm  Crater  is  located  to  the  west  of  the  Esmonde  Road  and  is  mostly  estuarine  mangroves.  The  existing
motorway crosses the edge of the tuff rings from both volcanoes.

3.1.2 Central Section – Waitemata Harbour

The central section is entirely within the Waitemata Harbour, including Shoal Bay and St Mary’s Bay. The seabed
level varies from RL +2m adjacent to the motorway in Shoal Bay, to approximately RL -28m mid channel under
the  Auckland  Harbour  Bridge.  The  southern  side  of  the  harbour  and  St  Mary’s  Bay  are  typically  dredged  to
approximately RL -5m.

An existing  breakwater  is  located at  the  northern  extent  of  Westhaven Marina  and is  up to  6m above  chart
datum (RL +4m).  There are existing piers and jetties associated with the marine industry on the seaward side
of Beaumont Street and Westhaven Drive; and jetties and pontoons forming Westhaven Marina in St Mary’s Bay.

3.1.3 Southern Section – Wynyard Quarter, Victoria Park and Freemans Bay

The Wynyard Quarter area (north of Fanshawe Street) is an industrial and commercial area with buildings up to
five stories high. Victoria Park is a recreational park with playing fields and mature trees. The existing Victoria
Park Viaduct carries four lanes of the SH1 northern motorway across the park from the north western corner to
between Union Street and Franklin Road on the southern side. The Victoria Park Tunnel is currently under
construction  and  located  on  the  western  side  of  the  viaduct.  The  historic  Campbell  Free  Kindergarten  and
Victoria Park Market buildings are located within the project area.

Several  major  city  streets  are  located  in  the  area,  including  Victoria  Street,  Beaumont  Street  and  Fanshawe
Street. The Fanshawe Street intersection is located to the north west of the park. The Cook Street off ramp and
Wellington Street on ramps are located at the southern extent of the project.

The area north of Victoria Street is generally flat with ground levels varying between RL +3m and +5m. The
ground rises moderately steeply to the south of Victoria Street.  Cook Street has a moderately steep upgradient
between the motorway offramp (RL+13m) and Sam Wrigley Street (RL+20m).
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3.2 Site History
3.2.1 Northern Section – North Shore

The project area was predominately a residential suburb from the late 19th century until the SH1 northern
motorway  and  Auckland  Harbour  Bridge  were  constructed  in  the  1950s.  The  motorway  follows  the  historic
shoreline and is partially constructed on reclaimed land. Typical construction methods at the time were to
progressively  push  fill  over  the  soft  marine  deposits.  There  is  anecdotal  evidence  of  problems  with
embankment construction for the motorway in the area, with reported failures during construction. There have
been problems with the Tank Farm culvert and its approaches due to settlement. The culvert is located at a
deep channel infilled with marine deposits, which outlets the estuarine Tank Farm crater.

The motorway has subsequently been upgraded, most recently in 2008 for the North Shore Busway including
the  Northcote  Road,  Esmonde  Road  and  Onewa  Road  interchanges.  The  upgrade  of  the  Onewa  Road
Interchange included earthworks over soft soils. The construction methods included staged construction with
wick drains. The structures are typically founded on large diameter bored cast in place piles.

Shoal Bay is relatively sheltered and is likely to be slowly aggrading.

3.2.2 Central Section – Waitemata Harbour

The harbour is undeveloped between the St Mary’s Bay breakwater and the northern abutment of the Auckland
Harbour Bridge, and east of the SH1 Northern Motorway. The Westhaven marina was developed in the 1950s
with upgrades, including reclamations, in the 1970s and 1980s. The breakwaters were constructed earlier.

A localised deeper area in the harbour bed near the Auckland Harbour Bridge is indicated on historic charts,
such as  the  1857 chart,  and therefore  may be  associated  with  the  narrower  channel  between Point  Erin  and
Northcote Point, rather than scour due to the bridge. A review of the historic surveys was undertaken to assess
whether  the  feature  has  moved  with  time  because  this  would  have  implications  for  immersed  tunnels.  Five
surveys dating from 1911 to 2010 were reviewed by digitising the survey maps and comparing the data.

The  analysis  shows  a  generally  consistent  seabed  profile  from  1974  to  2010  with  only  minor  variations  in
harbour bathymetry which could be attributed to uncertainty in the surveying. The older data from 1911 show
a profile less than 5m higher than later surveys, which indicates a general decrease in elevation of the seabed.
A  localised  area  in  the  seabed  to  the  south  of  Stokes  Point  and  east  of  the  Auckland  Harbour  Bridge,  was
approximately  10m  deeper  than  historic  general  gradient.  This  has  resulting  in  a  steeper  inclination  of  the
northern shoreline in the last 60 years.

It  is  therefore  possible  that  scour  has  occurred  following  construction  of  the  Auckland  Harbour  Bridge  in  a
localised area to the south east of Stokes Point. However, there is uncertainty regarding the accuracy of the
data.  There  does  not  appear  to  be  continuing  scouring  of  the  seabed  as  the  bathymetry  shows  consistent
seabed levels in the last 35 years.
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3.2.3 Southern Section – Victoria Park to Tank Farm

Freeman’s Bay was one of the earliest areas to be settled in Auckland and industrial use started in the 1850s.
The pre-historic shoreline approximately followed Beaumont Street and Victoria Street. Historic photos show
Acheron  Point  as  a  distinct  headland  about  10m  above  sea  level,  which  is  located  near  where  the  existing
Beaumont Street joins the Fanshawe Street onramp to the motorway. Small beaches are shown on each side of
the point, with a flat intertidal bay to the east (Freeman’s Bay, now Victoria Park).

Reclamation of Freeman’s Bay commenced in 1873 and progressed to the early 20th century. The method of
filling  was  not  recorded  but  much  of  the  material  was  sourced  from  the  adjacent  gasworks  site  west  of
Beaumont Street. Victoria Park was reclaimed by 1901 and Wynyard Quarter by the 1920s. The western
coastline of Wynyard Quarter was extended to the present coastline by the 1950s. Victoria Park Viaduct was
constructed in the 1960s. Drawing GE-007 included in Appendix A indicates the former shoreline in Freeman’s
Bay and St Mary’s Bay.

Much of the area was industrial until the late 20th century. Recent developments include residential, commercial
and marine industrial facilities especially on Beaumont Street and Fanshawe Street.

3.3 Regional Geology

Interpreted geological plans (Drawings GE-021 and 022) and sections (Drawings GE-001 to 004 and GE-009 to
012) are shown on the drawings included in Appendix A.

3.3.1 Geological History of the Waitemata Harbour

The Waitemata Harbour is part of a drowned river valley system of the ancestral Waitemata River.  The paleo-
topography within the Waitemata erosion surface developed during repeated glacial and interglacial cycles that
occurred over the last 2 million years.  During the coldest part of the last Ice Age, approximately 20,000 years
ago,  sea  levels  were  approximately  130m  lower  than  today.   The  area  now  occupied  by  the  harbour  was  a
broad forested river valley. The ancestral Waitemata River and tributaries flowed to the coast which was located
beyond Great Barrier Island.  Sea levels reached their current levels approximately 7,000 years ago, although
numerous  erosion  features  suggest  that  sea  levels  were  marginally  higher  during  a  slightly  warmer  period
6,000 to 3,000 years ago.

The  fluctuating  sea  levels  over  the  last  2  million  years  had  a  major  impact  on  the  erosion  surface  which
developed on the East Coast Bays Formation rocks.  During colder glacial cycles when sea levels were lower,
more erosion took place on land due to the colder climate and lower base levels.  The presence of these paleo-
valleys  is  significant  because  they  are  infilled  with  weaker  sediments  and  rockhead  is  located  at  a  greater
depth.

Coastal  features,  such  as  the  seacliffs  and  intertidal  platforms,  are  well  developed  in  the  East  Coast  Bays
Formation.  The modern-day sea bed is broad with shallow slopes. Localised depressions which are present in
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the central channel (for example under the existing Auckland Harbour Bridge) may be due to erosion by
currents, rather than being associated with the paleo-channel of the Waitemata River.

3.3.2 Waitemata Group Rocks (East Coast Bays Formation)

According to the 1:250,000 geological map of the area (GNS, 2001), the local bedrock is mapped as East Coast
Bays  Formation  (ECBF).   The  ECBF  is  part  of  the  Waitemata  Group.   In  the  following  discussion,  the  term
Waitemata  Group is  used since  this  encompasses  the  full  range of  rock  types.   The  Waitemata  Group rocks
comprise flysch-type deposits of interbedded sandstones and siltstones.  The sediments were laid down in a
broad  subsiding  basin  approximately  20  million  years  ago  flanked  by  two  volcanic  arcs;  to  the  west  the
Waitakere Group and to the east the Coromandel Group.  The sandstones were deposited as fast-flowing high-
energy turbidity currents and the thicker beds are typically graded with coarse material at the base of the bed
and finer material at the top.  Thinner beds of sandstone lack the graded texture, but are often cross-bedded
and are interpreted as representing reworked sand emplaced by turbidity currents.

Siltstone beds contain both clay (mudstone) and silt sized particles and accumulated in a low energy sea floor
environment.  The siltstones may be finely laminated, but often they are structure-less with a mottled /
convoluted texture, which suggests reworking by bottom dwelling organisms.

Several distinctive lithologies are interbedded within the sandstone and siltstone beds of the Waitemata Group.
The most important of these in the study area is the Parnell Grit.  The Parnell Grit beds represent sub-marine
volcanic debris flow events, which predominantly originated from the western volcanic arc.  The Parnell Grit is
a mixture of coarse sand to boulder sized clasts of volcanic (mainly andesitic) derived sediments; the matrix is
variable  and  can  comprise  clay,  silt  and  sand.   Parnell  Grit  beds  are  present  at  various  horizons  within  the
Waitemata Group and are lensoidal in nature, and are therefore of limited horizontal extent.

3.3.3 Structural Geology of Waitemata Group Rocks
3.3.3.1 Structure

In  general  the  Waitemata  Group  rocks  are  horizontally  bedded,  with  a  general  westerly  dip  of  less  than  10
degrees.  However, more structurally complex zones can be identified and several authors have attempted to
group the Waitemata Group rocks into simple, near horizontally bedded or gently inclined strata, and zones
with extremely complex structure (for example Spörli, 1989; Hayward, 1993; Allen, 2004; Spörli and Rowland,
2007; Strachan, 2008). Simple zones represent deposition of the sediments during quiet,  stable times in the
basin,  whereas  complex  structural  zones  are  the  product  of  slumping  when  the  sediments  were
unconsolidated.  Several authors have noted a relationship between the intense folding, faulting and shearing
with  the  presence  of  Parnell  Grit  (for  example  Hayward,  1993).   Therefore  more  complex structure  could  be
anticipated  where  Parnell  Grit  is  encountered.  The  transition  between  complex  structural  zones  and  simple
structural zones is often abrupt, with beds immediately above and below the slump zone rarely affected.

Within the study area, structurally complex zones are known from Northcote Point northwards.  However, their
presence  to  the  south  at  depth  cannot  be  discounted  and  have  been  indicated  to  occur  in  the  harbour  in
previous studies.  It is likely that driven tunnels will intersect zones of differing structural complexity.
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Bedding strike orientation varies widely throughout the Waitemata Group, partly because the near-horizontal
beds  can  dip  very  gently  in  any  direction,  and  partly  because  of  the  almost  random  nature  of  folding  and
faulting within the slumped zones.

3.3.3.2 Folding

Folding ranges from simple to complex.  Fold structures range from flexural slip to kink-folding.  A general
NNW-N and NE trend can be observed in the strike of fold axes, with gentle plunges towards the north and
south.   A  full  discussion  of  fold  structures  is  beyond  the  scope  of  this  review.   However,  Davy  (2008)
interpreted a  large-scale  anticline  affecting  both  the  underlying  Te  Kuiti  Group and Waitemata  Group in  the
mouth of the Waitemata Harbour, south of the North Head Volcano.  The fold has a half-wavelength of 600m
and  amplitude  of  50m.   The  structure  is  interpreted  as  representing  a  previously  unrecognised  strike  slip
faulting.   It  is  suggested  that  during  activity  of  the  Auckland  Volcanic  Field,  an  igneous  intrusion  occurred
along the strike-slip fault.

3.3.3.3 Faulting

There are no known active faults within the study area.  The nearest potential for future active fault movements
is in the Hunua Ranges.  In particular the Wairoa North Fault, which bounds the western edge of the Hunua
Ranges, may be the most likely source of future fault movements.

The most conspicuous faults in the Waitemata Group rocks are associated with late-stage block faulting.
Several scales of faulting exist, from offsets of a few tens of centimetres to those with offsets greater than the
outcrop  scale.   Kenny  (2008)  argues  that  the  presence  of  many  large-scale  arcuate  thrust  faults,  generally
striking ENE-NE and dipping in a northerly direction, indicates emplacement from a south to south-east
direction.   The  thrust  faults  are  often  cross-cut  by  later  NE  or  NW  trending  normal  faults,  with  occasional
reverse faults in some locations (Johnston, 1999).  Gregory (1966) notes that faults with a large displacement
are most likely to have a NNW or ENE trend and are steeply dipping; these faults are parallel  to the regional
block faults.

Within  the  study  area,  the  engineering  significance  of  the  normal  faulting  is  to  produce  significant  vertical
offsets in rockhead level and modifying groundwater flow patterns. For example, the scarp offset at Wynyard
Wharf is interpreted as being part of the pre-historic harbour bed morphology.  In 1840, the western boundary
of  what  is  now Victoria  Park,  had a  western  elevated 400m dextral  (displacement  to  the  right)  offset  in  the
shoreline  (Davy,  2008).   The  dextral  offset  is  the  same  sense  as  that  interpreted  in  the  sea-floor  north  of
Wynyard  Wharf.   To  the  east  of  Victoria  Park,  sinistral  offset  in  the  1840s  coastline  resulted  in  the
interpretation of a NNE-SSW trending graben structure bounded by normal faults, which have less than 20 m
vertical  offset  (Davy,  2008).  The  Wynyard  Fault  is  projected  to  be  traceable  to  at  least  the  middle  of  the
Waitemata Harbour Channel and is upthrown to the west.  The location of this fault is broadly coincident with a
change in structural complexity. To the east, the ECBF rocks are sub-horizontally bedded, dipping less than 10
degrees. To the west, the ECBF rock is gently to moderately inclined, dipping at up to 30 degrees to the west.
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3.3.4 Tauranga Group Alluvium

Tauranga Group Alluvium (TGA) deposits are represented by a varied assemblage of unconsolidated to poorly
consolidated sands, silts and clays.  Pumiceous silts,  peats and organic silts / clays are also common.  They
unconformably overlie the East Coast Bays Formation (ECBF).  The TGA sediments were deposited on a highly
irregular erosion surface carved into the ECBF rocks.  In the study area, the TGA sediments reach maximum
thicknesses of approximately 30 m where they infill paleo-valleys cut into the ECBF rock.  TGA sediments are
often absent from areas where ridges are present within the ECBF rock, for example between Stafford Park and
Northcote Point.

The  TGA  sediments  can  be  broadly  separated  into  Upper  and  Lower  Groups.   The  Lower  TGA  is  generally
considered to represent older (i.e. 10,000 to 2 million years) sediments. They are overconsolidated firm to stiff
and  comprise  pumiceous  silts,  peats  and  organic  silts  /  clays.   The  Upper  TGA  is  considered  to  have  been
deposited in the last 10,000 years, and often lack pumiceous beds.  They tend to be highly organic and range
in strength from very soft to firm as they are less well consolidated.

3.3.5 Auckland Field Volcanics

Auckland Field Volcanics are present in the northern section and are associated with the Onepoto, Tank Farm
and Pupuke volcanoes.  These volcanoes represent phreatic explosive eruptions, where rising magma
contacted groundwater creating an explosive eruption.  The main product of these eruptions is rhyolitic tuff,
which is a consolidated volcanic airfall deposit.  These tuff deposits form the conspicuous tuff rings associated
with these craters.  The extent of these deposits is unclear at this stage due to the erodible nature of the tuffs,
but isolated and reworked deposits are likely to underlie the alignment between the craters.

Pupuke also  ejected  basalt  flows.  These  are  present  between Esmonde Road and Northcote  Road.  The  flows
tend to be encountered as discrete fingers with massive non-vesicular basalt at the centre of the flow trending
to scoraceous rubble on the outside. Voids or caves due to lava tubes are present in the Auckland Volcanics,
but are considered to be less common in the project area. The basalt is interlayered with the Tauranga Group
Alluvium.

3.3.6 Marine Mud

Recent marine sediments have been deposited in the last 10,000 years and are typically soft to very soft silts
and clays, which contain fine sand.  These are deposited as intertidal and subtidal flats.  These deposits have a
high shell content in some locations.

3.4 Site Investigations
A number of site investigation reports have been reviewed. The locations of the boreholes used in the
geological interpretation are shown on the interpreted geological plans (Drawings GE-021 and 022) included in
Appendix A. These are listed below in order of organisation and date.
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3.4.1 NZTA Projects
Auckland Harbour Bridge Authority, 1961, Auckland Harbour Bridge

The report presents a history of the planning, design and construction of the Auckland Harbour Bridge.
Included  with  the  report  is  a  drawing  showing  a  set  of  drillholes  undertaken  at  each  of  the  bridge  pier
locations.

Beca, 2006, North Shore Busway

This  report  presents  the  results  of  2006  investigations  undertaken  by  Beca  along  the  northbound  shoulder
between  Onewa  and  Esmonde  Interchanges,  for  the  Busway  project.  The  report  contains  handauger
investigation logs.

Beca, 2006, Victoria Park Tunnel

This Hydrogeological and Engineering Assessment report presents results of groundwater modelling and
discusses engineering effects for tunnel drainage options. The report contains factual data including
investigation logs, groundwater monitoring records and other associated laboratory testing.

Beca, 2006, Victoria Park Tunnel

This  addendum  report  presents  additional  hydrogeologic  data  for  use  with  the  earlier  Hydrogeological  and
Engineering Assessment by Beca, March 2006.

Beca, 2005, Harbour Bridge to City

This  report  presents  the  results  of  2005  investigations  undertaken  by  Beca  for  the  Harbour  Bridge  to  City
Project (including what is now the Victoria Park Tunnel).  This factual report includes 8 drillholes, down-hole
permeability testing, groundwater monitoring records, and other associated laboratory testing.

Beca, 2004, Central Motorway Junction

This report presents the results of 2004 investigations (stage 1) undertaken by Beca (Complete Joint-Venture)
for the Central Motorway Junction Core Area Upgrade. This factual report includes 17 drillholes and associated
testing.

Beca, 2004, Central Motorway Junction

This report presents the results of 2004 investigations (stage 2) undertaken by Beca (Complete Joint-Venture)
for the Central Motorway Junction Core Area Upgrade. This factual report includes 6 drillholes and associated
testing.

Beca, 2004, Central Motorway Junction

This report presents the results of 2004 investigations (stage 3) undertaken by Beca (Complete Joint-Venture)
for the Central Motorway Junction Core Area Upgrade. This factual report includes 9 drillholes, 2 hand augers
and associated testing.

Beca, 2004, Central Motorway Junction

This  report  presents  the  results  of  2004 investigations  undertaken by  Beca  (Complete  Joint-Venture)  for  the
Central Motorway Junction Core Area Upgrade, Northern Tie-in. This factual report includes 6 drillholes, 1
pavement drillhole.
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Beca, 2003, Symonds to Grafton Project

This report presents the results of 2003 investigations undertaken by the Freeflow Alliance for the Symonds to
Grafton Project. This factual report includes 11 drillholes and 3 hand augers.

Beca, 2001, Harbour Bridge to City

The  report  presents  the  results  of  the  2001  investigations  for  the  Harbour  Bridge  to  City  Project  (including
what is now part of the Victoria Park Tunnel).  This factual report includes 21 drillholes, 37 cone penetration
tests,  12  hand  augers  with  DCP  testing,  and  a  suite  of  laboratory  tests  including  1D  consolidation,  triaxial,
UCS, and soil classification tests.

Beca, 1999, Shelley Beach Priority Lane

This report presents the results of 1999 investigations adjacent to the Shelley Beach overbridge abutment and
pier. Investigations consisted of a single drillhole and 6 shallow handaugers.

Ministry of Works, 1974, Auckland Rapid Transit Waitemata Harbour Crossing, Geological Report No. 2

The report presents preliminary investigations for a proposed harbour tunnel crossing. The investigations
included geological mapping, seismic and marine profiling, and drilling of seven boreholes.

Opus, 2005, Akoranga Busway Station

This  report  presents  results  factual  and  interpretive  data  and  the  design  of  foundations  for  a  pedestrian
footbridge  at  the  Akoranga  Busway  station.  Included  are  7  drillholes,  2  cone  penetration  tests,  other  hand
augers, pits and associated laboratory testing undertaken in the area at various times up to August 2005.

Opus, 2003, AWHC

This  Preliminary  Geotechnical  Appraisal  Report  formed  part  of  the  2002  Additional  Waitemata  Harbour
Crossing study undertaken by Opus. As part of this largely desk study interpretive report are the results of a
geophysical survey of the harbour, and references to offshore drilling information dating from 1973-74.

Opus, 2003, North Shore Busway

This  report  presents  the  results  of  the  2003  investigations  (stage  2)  for  the  North  Shore  Busway  southern
sector at Onewa Interchange. This factual report includes 28 drillholes, 15 cone penetration tests, other
test/pavement pits, and associated laboratory testing including 1D consolidation, triaxial and UCS tests.

Opus, 2002, North Shore Busway

This report presents the results of 2002 investigations undertaken by Opus for the Esmonde Road interchange
on  the  North  Shore  Busway.  The  report  contains  factual  data  including  handaugers,  test  pits  and  a  suite  of
laboratory testing including soil classification, compaction, consolidation, triaxial and UCS tests.

Opus, 1999, North Shore Busway

The report presents the results of the 1998/99 investigations (stage 1B) for the North Shore Busway from
Onewa interchange north to Constellation Dr. This factual report includes 11 drillholes, 26 cone penetration
tests  and  associated  laboratory  testing.  Laboratory  testing  consists  of  a  suite  of  UCS  and  triaxial  testing  of
recovered soil and rock samples.
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SKM, 2008, Victoria Park Tunnel

The report presents the results of the 2006/07 investigations for VPT and previous investigation data relevant
to the VPT project including the earlier VPT studies carried out by Beca in 2001 and 2003. The report includes
over  280 drillholes,  CPTs  and handaugers,  and associated  testing.  The  SKM investigation  included extensive
hydrogeological testing.

Skempton, A.W. (for Ministry of Works), 1951, Auckland Harbour Bridge

The  report  presents  design  recommendations  for  the  foundations  of  the  original  Auckland  Harbour  Bridge.
Attached to the report is a site plan including drilling logs and mud ‘prickings’ undertaken by Freeman, Fox &
Partners of London.

3.4.2 Data from council property files
Bruce Wallace Partners, 1985, Westhaven Marine Centre Office Building (132-136 Beaumont Street)

This  report  presents  the  results  of  1984/85  investigations  for  a  marina  office  building  for  Auckland  City
Council. Drillholes, smaller borings and hydrographic information are attached to the report.

Tonkin & Taylor, 2008, Viaduct Exchange site (109-153 Fanshawe Street)

This report presents the results 2005 investigations (for a previous proposed development) and a geotechnical
assessment for a proposed development including several multi-storey buildings and basement car parking.
The report contains factual data including 21 drillholes.

Tonkin & Taylor, 2004, Stirling and Catlow Block Developments (95-99 Fanshawe St, 2 Daldy Street)

This report presents the results of 2003/4 investigations and geotechnical assessments for proposed multi-
storey buildings in the Fanshawe Street/west Viaduct area. The report contains factual data including 11
drillholes.

Tonkin & Taylor, 1999, The Westhaven (Cnr Fanshawe and Beaumont St)

The  report  presents  the  results  of  1999  investigations  and  a  geotechnical  assessment  for  a  proposed  new
multi-storey office building. The report contains factual data including 2 drillholes and 10 CPTs.

Worley Consultants, 1988, Westhaven Project (Hood Sailmakers)

This  letter  report  presents  the  results  of  1988 investigations  and a  geotechnical  assessment  for  a  proposed
light weight building at Westhaven Drive. The report contains factual data comprising 3 test pits.

4. Interpretation of Factual Information

4.1 Geological Units
Interpretive geological sections are included in Appendix A (Drawings GE-001 to 004 and GE-009 to 012) and
plans showing interpreted rockhead contours are shown in Appendix A (Drawings GE-021 and 022) and
Appendix B (drawings from previous studies).
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4.1.1 Fill
Fill is likely to be present across most of the land areas. The following fill sub-units are likely to be present:

Construction fill. Engineered fill associated with motorway and recent developments.  Includes stiff clay,
dense gravels, and pavement materials.

Hydraulic fill. Placed behind stone masonry sea walls in St Mary’s Bay and Westhaven area. Typically
loosely packed silty sand.

Historic reclamation fill. Fill material to reclaim Victoria Park and Westhaven. Typically ECBF derived silts
and clays, but also contains volcanic derived materials (ash, scoria, basalt and tuff) and manmade
materials (concrete and masonry). The state of compaction and quality varies significantly. A layer of
softer material is often present at the base of the unit.

4.1.2 Recent Marine Deposits

Very soft recent marine silts and clays are present in most marine areas. It  is also present in some locations
beneath reclamation fill.

4.1.3 Auckland Volcanics

Ash and tuff from Onepoto, Tank Farm and Pupuke volcanoes have been encountered in the northern section
between Onewa Interchange and Northcote Road Interchange. Basalt from Pupuke was also encountered locally
north of Esmonde Road.

4.1.4 Tauranga Group Alluvium

The Tauranga Group Alluvium (TGA)  is  present  locally  across  the  site,  typically  unconformably  overlying  the
ECBF. Note that the Tauranga Group Alluvium includes deposits laid down in a hydraulic environment whether
marine, estuarine, coastal or fluvial.

Upper TGA. Encountered in the southern and central harbour sections below the fill and marine deposits.
Typically heterogeneous with interbeds or pockets of soft or loose clays, silts and sands often with
organics. Geologically it conformably underlies the recent marine deposits and can be interlayered with
the Auckland Volcanics.

Lower TGA. Typically present in infilled paleo-channels, which are present locally in the project area.
More extensive in the northern section where it underlies tuff from Onepoto, Tank Farm and Pupuke.
Typically sands and silts with some interbeds of peat, organic clay, silt, sand and gravel. The Lower PGA
can have a high pumice content.

4.1.5 East Coast Bays Formation

East Coast Bays Formation (ECBF) is a sub-unit of the Waitemata Group and is the dominant formation in the
central  Auckland  area.  ECBF  is  typically  described  as  flysch  deposits  comprising  sandstone,  siltstone  and
mudstone. There are occasional grit layers. ECBF rock outcrops in the project area including the St Mary’s Bay
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sea  cliffs  adjacent  to  the  SH1 Northern  Motorway  and near  the  northern  abutment  of  the  Auckland Harbour
Bridge.

Rockhead varies between RL0m and RL-25m in the northern section, lowers to RL-30m in the central harbour,
and is typically above RL-10m in the southern section. Rockhead varies significantly near paleo-channels and
volcanic  features.  Rockhead  is  defined  as  the  upper  surface  of  where  the  majority  of  material  has  an
unconfined compressive strength exceeding 0.5 MPa and where SPTs typically refuse (i.e. more than 50 blows
for 300mm penetration). Rockhead often coincides at the boundary of completely weathered and highly
weathered material.

ECBF  is  typically  extremely  weak  to  weak,  highly  weathered  to  slightly  weathered,  sub-horizontal  thin  to
moderately thick interbedded sandstone and siltstone with extremely closely spaced to widely spaced
fractures. Sandstone units in the ECBF are often uncemented to poorly cemented.

ECBF can be weathered to a residual soil. The ECBF soil is typically stiff silt or clay; or loose to dense silty sand.
The depth of ECBF soil (residual soil to completely weathered) varies considerably, but can be up to 20m thick
in the region but was typically less than 5m in the project area and occasionally absent.

Parnell Grit Member is a subunit of ECBF comprising sand to boulder sized lithics of basalt and andesite in a
muddy, sandy matrix. It is typically moderately strong. It is exposed on the coastline near Northcote Point and
was encountered near the Shelly Beach Overbridge near the southern approach to the Auckland Harbour Bridge
and in the Central Motorway Junction near Karangahape Road.

4.2 Hydrogeology
4.2.1 Preliminary Groundwater Model

The most significant area, in terms of potential groundwater effects, is the area from Victoria Park to Wynyard
Wharf.   Groundwater  flow  within  areas  of  reclamation,  such  as  Victoria  Park  and  Wynyard  Wharf,  will  be
influenced by the presence of historic reclamation cells of varying permeabilities.  Old sea walls, building
foundations and paleo-drainage channels can influence patterns of groundwater flow.  Without extensive sub-
surface investigations and historical review, a full understanding of these features is unlikely.  It is likely that
the Tauranga Group, ECBF soils and Fill  will  act as a single unconfined aquifer. This aquifer will  be the most
affected by any excavation works and is most likely to result in groundwater drawdown induced settlements.

The  pattern  of  groundwater  flow  from  Victoria  Park  to  Wynyard  Wharf  is  dominated  by  the  presence  of  the
paleo-valley, which focuses groundwater flow in a broadly south to north direction.  Groundwater levels in the
Fill / Tauranga Group sediments vary from approximately RL +5m to the south of Victoria Park to RL +1m in
the centre of Wynyard Wharf.

Between Northcote  Point  and Esmonde Road interchange,  it  is  likely  that  groundwater  levels  will  be  close  to
mean sea level where the proposed alignments are on reclaimed land.  However, there is limited existing
groundwater data available for this sector of the alignment.
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Tidal variations will influence groundwater levels as the present coastline is approached, particularly within the
Fill and Tauranga Group sediments.  It is not currently known what the extent of tidal influence is on
groundwater levels in these locations.  However, experience suggests that they will be less than 500 mm.

4.2.2 Hydrogeological Units

Six hydrogeological units have been interpreted to occur in the project area, as detailed below.

4.2.2.1 Fill

The  fill  is  highly  variable  across  the  alignment,  comprising  sands,  silts  and  clays  with  localised  deposits  of
organics, gravels and building waste.  In the more granular layers, the fines will influence the permeability of
the variable deposits.  Experience from Victoria Park indicates that a suitable value for the horizontal
permeability, k

h
,  is  4  x  10-7 m/sec,  with  a  vertical  (k

v
)  to  horizontal  ratio  of  0.1.  The  permeability  may  be

several orders of magnitude higher in granular fills.

4.2.2.2 Auckland Volcanic Field Tuff

The hydraulic conductivity of the tuff is heavily influenced by its grading, which can vary widely.  Only a limited
amount of information is available for the hydraulic conductivity of the Auckland Tuffs, which is laterally
variable.   Rising  head  tests  undertaken  during  the  2010  CBD  Rail  Link  investigations  indicated  a  horizontal
hydraulic conductivity of 6 x 10-7 m/sec.  A vertical to horizontal ratio of 0.5 is recommended for this material.
Basalt flows typically have very high permeability and require particular consideration for any excavations.

4.2.2.3 Tauranga Group

For hydrogeological purposes, no distinction is made between the Upper and Lower Tauranga Group.  Within
the study area this unit comprises dominantly silts and clays with lesser sand and shell horizons.  Permeability
testing for Britomart station recorded an average k

h
 of  2.7x10-7  m/sec  and  a  k

v
 of  4x10-9  m/sec  (k

v
/k

h
 =

0.02). Based on experience, a k
v
 of 10-8 m/sec and a k

v
/k

h
 ratio of 0.1 are recommended.  Where paleo-valleys

are inferred experience suggests that using hydraulic conductivities one order of magnitude greater should be
considered.

4.2.2.4 ECBF Soil

ECBF rock weathers in situ to a residual soil comprising clays, silts and sands.  The soils are generally assumed
to  have  a  lower  overall  hydraulic  permeability  than  the  parent  rock.   Experience  from  other  sites  indicates
vertical hydraulic conductivities of 1 x 10-7 m/sec, with a vertical to horizontal ratio of 0.1.

4.2.2.5 ECBF Rock

The  permeability  of  the  ECBF  Rock  is  dominated  by  secondary  porosity,  i.e.  fracture  flow.   Therefore  the
permeability will not be consistent but will be dependent on localised fracture density and degree of
interconnection.
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The published permeability  of  this  group is  in  the  order  of  10-7 to  10-8 m/s,  however  it  can  be  up to  three
orders higher where significant fracturing occurs. For Victoria Park, an overall ECBF k

h
 of 1x10-7 m/s to 5x10-7

m/s  and  k
v
/k

h
 =  0.1  to  0.5  was  adopted.  A  higher  permeability  (two  orders  of  magnitude)  should  be  used

where drainage channels are inferred.

4.2.2.6 Parnell Grit

The  unweathered  Parnell  Grit  is  a  coarse  sandstone  with  gravel  to  boulder  sized  clasts.   The  hydraulic
conductivity properties of the Parnell Grit are largely controlled by the presence of fracture zones.  However,
because the Parnell  Grit  has a much coarser grain size than the Waitemata Group sandstones and siltstones,
the  hydraulic  conductivity  is  assumed  to  be  greater.  Previous  in  situ  tests  (rising  head  and  packer  tests)
indicate hydraulic conductivities of 3x10-5 m/sec with a vertical to horizontal ratio of 0.3.

4.2.3 Summary of Hydrogeologic Parameters

A summary of the recommended hydraulic conductivities is given below.  A range of hydraulic conductivities
and vertical to horizontal ratios should be considered in any analysis to test the sensitivity of the results to the
possible range of parameters that could be encountered.

Table 2 Hydraulic Conductivity

Unit k
h
(m/sec) k

v
/k

h

Mass Permeabilities

Fill 4 x 10-7 0.1

Tuff 6 x 10-7 0.5

Tauranga Group 1 x 10-7 0.1

ECBF Soils 2 x 10-7 0.1

ECBF Rock 5 x 10-7 to 1 x
10-5

0.1 to 0.5

Parnell Grit 3 x 10-5 0.3

Locally Higher Permeabilities (for example Fracture Zone or
Drainage Channel)

Fill  10-2 to 10-5 0.1

Tuff  10-6 to 10-5 0.5

Tauranga Group  10-6 to 10-5 0.1

ECBF Soils  10-7 to 10-6 0.1

ECBF Rock  10-5 to 10-4 0.1 to 0.5

Parnell Grit  10-4 to 10-3 0.3
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5. Adequacy of Existing Information

5.1 Form Assessment Design Phase
The existing information is considered adequate to complete the Form Assessment. The uncertainties and
risks will be defined and described for each option presented in the assessment. Significant risks identified at
this stage include:

Depth to rockhead in paleo-channels located in the Central Section between the Westhaven Marina
breakwater and Wynyard Quarter.

Depth of recent marine mud and upper TGA in Shoal Bay.

5.2 Organisation of Geotechnical Data

A large quantity of data from various sources has been reviewed. Future phases of the project will increase the
data  for  the  project.  It  would  be  of  benefit  to  the  future  design,  planning  and  construction  phases  if  the
information was readily available in a format that is easily accessible to interested parties.

The following is recommended to organise the geotechnical data:

Collate information in a database based on the location of the data point.

Data to be organised with unique numbering and data file, for example a pdf of each individual
borehole log rather than collated only in a factual report.

Present information in a spatial format. This may be an online GIS tool accessed via the internet or a
series of drawings.

New information to be consistent with the above format and added to the database.

Information to be freely available to interested parties in a read only format, with limited or no liability
to the originator of the data.

6. Geotechnical Investigations

The scope of geotechnical investigations required for Preliminary Design will be dependent on the preferred
option, particularly regarding the alignment and whether the crossing is a bridge and/or tunnels. The
investigations are required to define the lateral and vertical extent of the geological strata, and their
geotechnical parameters.

An indicative programme of investigations are included in this section. In addition to the borehole, CPT and
geophysics investigations, a broad programme of in-situ and laboratory testing would be required. The testing
would be to obtain material characteristics including strength, stiffness, compressibility and chemistry;
constructability risks including abbrasivity, slaking and workability; hydrogeologic properties; and information
regarding potential soil  and groundwater contamination. The investigation scope would also need to include
for supervision, geological logging, data interpretation and reporting.
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The additional scope of geotechnical investigations for the assessment of environmental effects and detailed
design would be subject to the findings of the preliminary design investigations and the design development.

6.1 Bridge Option - Road
6.1.1 Northern Section

Ch 0 to 1000: no investigations required for preliminary design assuming that minimal earthworks or
structures required
Ch 1000 to 1500: to investigate viaducts and reclamation allow for 4 No. marine boreholes and 20 No.
CPTs. An additional 8 No. land boreholes and 10 CPTs if raising the existing SH1 motorway is required.
Ch 1500 to 2800: to investigate viaducts and reclamation allow for 20 No. marine boreholes, 15 No.
land boreholes and 50 No. CPTs.
Ch 2800 to 3400: to investigate major structures and reclamation allow for 14 No. marine boreholes,
11 No. land boreholes and 30 No. CPTs.

6.1.2 Central Section
Marine boreholes at pier locations for main span and every second pier location for approach viaducts:
allow for 18 No. vertical marine boreholes and 50 No. CPTs.

6.1.3 Southern Section

To investigate major structures and reclamation allow for 36 No. boreholes and 50 No. CPTs.
Research and detailed review of adjacent building structures and foundations.

6.2 Tunnel Option – Road
6.2.1 Northern Section

Ch 0 to 1000: no investigations required for preliminary design assuming that minimal earthworks or
structures required
Ch 1000 to 1500: to investigate viaducts and reclamation allow for 4 No. marine boreholes and 20 No.
CPTs. An additional 8 No. land boreholes and 10 CPTs if raising the existing SH1 motorway is required.
Ch 1500 to 2800: to investigate viaducts and reclamation allow for 20 No. marine boreholes, 15 No.
land boreholes and 30 No. CPTs.
Ch 2800 to 3400: to investigate major structures and reclamation allow for 14 No. marine boreholes,
11 No. land boreholes and 30 No. CPTs.

6.2.2 Central Section

Marine boreholes at 150m centres to investigate bored tunnels: allow for 16 No. vertical and 64 No.
inclined (1 No. vertical and 4 No. inclined at each location)
Cone penetrometer testing: allow for 50 No. locations along alignment
Geophysics testing: over water reflection and magnetometer surveys; cross hole seismic and downhole
acoustic televiewer; natural gamma and full-wave sonic
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6.2.3 Southern Section
To investigate major structures and reclamation allow for 36 No. boreholes and 50 No. CPTs.
Research and detailed review of adjacent building structures and foundations.

6.3 Rail

The scope of investigations for the rail tunnel would be comparable to the road tunnel. If it is anticipated that
the road and rail components of the project are staged and the investigations separated, then the preliminary
investigations for the earlier project component should be sufficiently broad in lateral extent to allow the
geological  model  for  the  later  component  to  be  updated.  This  would  particularly  apply  to  any  geophysics
survey, which should be extended to cover the area for both components.

7. Geohazards and Geotechnical Risks

7.1 Seismic Hazard
7.1.1 NZTA Bridge Manual and NZS1170.5

A provisional amendment to the NZTA Bridge Manual was issued in December 2004 to bring the Bridge Manual
in line with the structural design actions standard NZS1170.5:2004. Although the amendment has not been
formally  adopted  in  the  Bridge  Manual,  it  is  expected  that  the  harbour  crossing  will  be  designed  to  these
standards.

The harbour crossing is likely to be considered Importance Level 4 in accordance with Table A1. The annual
probability of exceedance for ultimate limit state would therefore be 1 in 2500 years. This is equivalent to a
return period factor of 1.8.

Retaining walls  not  associated  with  bridges  or  tunnel  structures  are  likely  to  be  designed to  a  return  period
factor of 1.5. Earthworks not associated with other structures are typically designed with a return period factor
of 1.0.

The hazard factor (Z) for Auckland is 0.13 in accordance with table 3.3 of NZS1170.5.

The following table summarises the determination of horizontal seismic loading for the various return period
factors in different soil and rock conditions for the harbour crossing site.
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Table 3 Seismic Horizontal ULS Load for Structure with Period of 0 seconds (peak ground acceleration)

Return
Period

Class A / B
Rock
C

h
(T)=1.0

Class C
Shallow Soil
C

h
(T)=1.33

Class D / E
Deep or Soft Soil
C

h
(T)=1.12

R=1.8 2500 years 0.23g 0.31g 0.26g

R=1.5 1500 years 0.20g 0.26g 0.22g

R=1.0 450 years 0.13g 0.17g 0.15g

7.1.2 Site Specific Seismic Hazard Assessment

A seismic hazard assessment was carried out for the Auckland Harbour Bridge (Beca, 1995). The assessment
identified that:

The seismological study concluded that a magnitude 6.8 earthquake from the Kerepehi Fault
(epicentral distance of 45km) was the most critical

The maximum credible earthquake (MCE) is a magnitude 7 event with an epicentral distance of 40km

The peak ground acceleration used in the performance assessment was 0.14g for the 2000 year return
period and 0.19g for the maximum credible earthquake.

A  seismic  hazard  assessment  was  carried  out  for  the  Auckland  Harbour  Bridge  (Beca,  1997  as  discussed  in
Opus, 2003a). The assessment identified that:

The peak ground acceleration is 0.15g at the northern approach and 0.18g at the southern approach
for the 2000 year return period

7.2 Liquefaction

The hydraulic fill may liquefy in the design earthquake. The consequences, if not mitigated, would be a loss in
stiffness and strength resulting in instability and compaction. Lateral spreading, cyclic mobility and settlement
could potentially affect any structures and earthworks supported by the hydraulic fill.

Treatment of hydraulic fill could comprise containment, densification, reinforcement or replacement.
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7.3 Ground Displacement

Vertical and lateral displacement of the ground is likely, particularly where soft compressible deposits such as
the marine mud and general fill are located. Mitigation will be required, such as ground treatment by
replacement or reinforcement.

Dewatering and lowering of groundwater pressures by tunnelling and other excavations may result in
consolidation of soft deposits, such as the alluvium, residual soils and fill. This may result in settlement of the
ground  surface.  Construction  and  long  term  groundwater  changes  and  the  resulting  settlements  will  be  a
significant consideration for the land based part of any tunnel option.

The bored tunnel option alignment runs under or close to existing buildings, for example the Air NZ building
located at the junction of Fanshawe and Beaumont Streets. Although deformations will be limited by the use of
earth  pressure  balance  machines,  there  is  a  risk  of  some deformations  occurring  due to  the  excavation  and
stress  release  during  tunnelling.  Consideration  of  the  operation  mode  will  be  required  in  these  areas,  for
example  using  fully  closed  and  pressurised  mode  to  limit  the  risk  of  groundwater  drawdown  and  stress
relaxation. Deformations have the potential to cause serviceability problems with occupied buildings.
Compensation grouting, or similar methods of mitigation, may be required.

7.4 Excavatability
7.4.1 Open Excavations and Cut and Cover Tunnelling

The  majority  of  the  natural  deposits  will  be  relatively  easy  to  excavate  with  standard  excavation  plant.  The
Parnell  Grit  and the  ECBF  rock  in  localised  areas  where  cemented,  may  require  specialist  plant  such as  rock
breakers. Basalt can be difficult to excavate and requires blasting or breaking. Groundwater flow in basalt can
also be problematic.

There may be obstructions in the fill deposits such as construction debris. Most existing structures in the area
are piled. Therefore, demolished structures may have reinforced concrete foundations which could obstruct
foundations and tunnelling.

Most deposits will require support during excavation, particularly below groundwater. The ECBF rock can stand
unsupported in open excavations for extended periods of up to several years based on empirical evidence of
shaft and tunnel excavations.

7.4.2 Bored Tunnels
EPBM tunnelling machines are likely to be required to maintain face pressure to control water pressures and
soil  movement.  Whilst  open  face  excavation  is  feasible  in  some  conditions,  localised  zones  can  have
uncemented  sands  which  flow  into  unsupported  excavations.  Poorer  rock  may  be  encountered  in  zones  of
faulting or more complex geological structural. As described in section 3, structurally complex zones may be
present north of Northcote Point and faulting may be present where the alignment crosses Wynyard Quarter
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and  Victoria  Park.  Therefore,  allowance  should  be  made  for  pre-treatment  or  closed  face  excavation  for  all
tunnelling.

Parnell  Grit  and localised strongly cemented sandstone can have significantly higher strength and abrassivity
and  therefore  be  more  difficult  to  excavate.  Bouldery  conditions  may  also  be  encountered  in  Parnell  Grit.
Allowance for boulder crushing will be required.

Excavated ECBF can be difficult to handle and transport due to slaking and deterioration. The material can tend
to form a sticky paste which can be problematic for transportation by slurry or cleaning out of muck wagons.
The excavated material can also require stabilisation before use as a fill material.

7.5 Existing Slope Stability
There is anecdotal evidence of instability in the northern section including:

failure of SH1 Northern Motorway embankment during construction (Opus, 2003b)

extensive slope movement during construction of Akoranga playing fields (Opus, 2005)

excessive settlement of Tank Farm culvert on SH1 Northern Motorway crossing the estuarine creek.
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8. Design Considerations

8.1 Design Parameters
The parameters proposed for the Form Assessment design phase as presented in Table 3. These are based on
previously  used  design  values  by  the  authors  on  complex  engineering  projects  and  present  credible  design
values without being overly conservative.

Table 4 Form Assessment Design Parameters

Unit

Strength Drained
Stiffness
(Secant

Modulus)

Weight

Comment

Friction Cohesion Undrained
shear

strength

Unconfined
compressive

strength

Bulk
unit

weight

f’ c’ c
u

q
c

E g

degrees kPa kPa MPa MPa kN/m3

Construction
Fill

32 2 120 - 20 19 to 22 Pavement material
will have higher
density

Hydraulic
Fill

30 0 - - 10 18

Historic Fill 28 2 75 - 12 19 Locally weaker
and softer,
typically at base
of layer

Marine Mud 22 0 0 to 20 - 0.3 to 5 15 Normally
consolidated -
stiffness and
strength increases
with depth

Tuff 30 5 - - 15 17

Upper TGA 28 2 15 to 40 - 2 to 8 17

Lower TGA 28 10 40 to 100 - 8 to 20 18

ECBF Soil (RS
to CW)

33 5 50 to 150 - 25 20 Strength increases
with reducing
weathering

ECBF Rock 33 50 - 1.5 200 21 Rockhead is
defined as the
majority of
material having a
UCS exceeding
0.5 MPa or SPT
refusal.
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8.2 Tunnels
8.2.1 Bored

The bored tunnels options include up to 2.7km of twin 15m diameter bores for road; and up to 4.2km of twin
7m  diameter  bores  for  rail.  The  alignments  are  from  reclaimed  land  in  intertidal  areas  of  Shoal  Bay  in  the
north, under the Waitemata Harbour and Wynyard Quarter; to Victoria Park in the south. The tunnels are likely
to have precast concrete segmental lining. Cross passages will be required between the bores at regular
intervals for fire life safety.

Bored tunnels will preferably be aligned in the East Coast Bays Formation (ECBF) rock which is a suitable
material for tunnel boring machines (TBMs). It  would be desirable to maintain a rock overburden cover of at
least one tunnel diameter under the harbour, although reduced cover is expected locally for tunnel design and
geometric design considerations such as face pressure and alignment gradients. Reduced cover is also
expected towards the portals where ground improvement works can be undertaken. This will require the road
level  to  be  below  RL  -50m  in  the  central  harbour.  Ideally,  TBMs  would  be  earth  pressure  balance  machine
(EPBM) to mitigate the risk of encountering highly fractured zones or areas of uncemented sandstone, which
could degrade to running sands, and water inflow or pressure connected to the seabed. Tunnelling in the
Parnell Grit could be problematic due to the risk of encountering boulders and the potential for high
groundwater inflow.

Secondary excavations, for example cross passages, could be constructed using roadheaders or rock breakers
with primary rockbolt and shotcrete support. However, the risk of encountering poor ground with very limited
stand up time would be too high for major excavations or near existing structures. Parnell Grit could be
difficult to excavate. Cross passages will be a major challenge due to the risk of water inflow. This may require
mitigation through a range of techniques from pre-grouting, spiling, forepoling to ground freezing.

Tunnelling in the ECBF soils and Pleistocene alluvium may be feasible with EPBM excavation but would be
difficult. Tunnelling in the fill and Holocene alluvium would be very difficult even with EPBM. The major risks in
tunnelling in these soils would be the control of the excavation considering the high groundwater pressures
relative to the overburden pressure, and settlement of the ground surface. Mixed face conditions would also be
difficult.

Bored tunnelling in the marine deposits would not be feasible.

Future investigations will allow refinement of the geological model, in particular the rockhead level, and tunnel
design.

8.2.2 Immersed Tube

The immersed tube tunnels options include 2.1km of 32m by 11m structure for road; and up to 3.1km of 13m
by 11m structure for rail. The alignments are from reclaimed land in intertidal areas of Shoal Bay in the north,
under  the  Waitemata  Harbour  and  Wynyard  Quarter;  to  Victoria  Park  in  the  south.  The  tunnels  are  precast
sections installed in an excavated trench.
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The  immersed  tube  tunnel  could  be  founded  at  any  reasonable  depth  provided  ground  improvement  was
carried out in any soft soil unit. Founding in the ECBF rock should be relatively straightforward.

There is a localised deeper area in the seabed to the south of Stokes Point and east of the Auckland Harbour
Bridge. Whilst recent surveys indicate that scour is not propagating, there is a risk of any change to currents
causing scour. This could impact on an immersed tube by causing scour around the structure.

8.2.3 Cut and Cover

Cut and cover approach tunnels are proposed for the tunnel options. Cut and cover tunnels are also proposed
for  several  links  through Victoria  Park,  St  Mary’s  Bay  and between the  Auckland Harbour  Bridge  and Onewa
Road. These structures are up to 35m deep and 50m wide.

Cut and cover tunnels will be feasible in any of the anticipated ground conditions provided adequate access is
available. Extensive ground improvement may be required where deeper marine muds are present. Therefore,
the portal structures are likely to target areas of higher rockhead, provided the approach tunnels are feasible.

The  walls  are  likely  to  be  secant  pile  or  diaphragm wall.  Temporary  sheet  pile  solutions  to  allow bottom up
construction may be feasible only in favourable conditions which would only be localised areas. The walls will
be propped or anchored depending on property boundary constraints and construction preferences.

8.3 Bridge

The main bridge crossing would be a multi-span structure with approach viaducts supported on piers. Large
diameter bored piles founded in the ECBF rock would be the most suitable foundation. The piles would have a
rock socket with shaft friction and end bearing contributing to the pile capacity. ECBF rock can be expected to
have an ultimate geotechnical end bearing strength of 7.5 MPa and a shaft frictional strength of 300 kPa.

Large caissons founded on the ECBF rock may be feasible provided bearing pressures are relatively low.  The
bearing pressures will be limited by deformation rather than strength. The existing Auckland Harbour Bridge is
founded on caissons on the ECBF rock.

8.4 Surface Works
8.4.1 Northern Connection

The majority of the northern connection works will be located on the intertidal area to the east of the existing
motorway corridor. The marine mud and deeper paleo-channels will be the major geotechnical constraints and
considerations for the design.
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Bridge and major drainage structures will typically be piled. Bored piles founded in the ECBF rock will generally
be preferred, however driven piles for some structures would be feasible. ECBF rock can be expected to have
an ultimate geotechnical end bearing strength of 7.5 MPa and a shaft frictional strength of 300 kPa.

Earthworks, which are likely to mainly comprise embankments over soft ground, will require ground
improvement in most areas to improve strength and reduce settlement.

8.4.2 Southern Connection

Bridge structures will typically be piled. Bored piles founded in the ECBF rock will generally be preferred;
however  driven  piles  for  some  structures  may  be  feasible.  ECBF  rock  can  be  expected  to  have  an  ultimate
geotechnical end bearing strength of 7.5 MPa and a shaft frictional strength of 300 kPa.

Cut slopes will be limited by geometry and boundary constraints, therefore retaining walls will be required.
These  are  likely  to  be  bored  pile  walls.  Embankment  slopes  are  also  likely  to  be  limited  by  geometry  and
boundary constraints and require retaining walls. Various options will be feasible including MSE and piled
walls.  Ground improvement  may be  required  to  improve  strength  or  minimise  settlement  and may comprise
stage construction, wick drains, stone columns, surcharging or deep soil mixing.
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9. Glossary and Abbreviations

ACC Auckland City Council

AHB Auckland Harbour Bridge

ARC Auckland Regional Council

CBD Central business district

CMJ Central Motorway Junction

CPT Cone penetration test

ECBF East Coast Bays Formation

EPBM Earth pressure balance machine

HBTC Harbour Bridge to City Project (later renamed Victoria Park Tunnel Project)

NoR Notice of Requirement

NZTA New Zealand Transport Agency (includes the former Transit New Zealand)

MHWS Mean High Water Springs

MSE Mechanically stabilised earth (retaining wall / reinforced slope)

RL Reduced Level relative to Auckland Height Datum 1946.

SH1 State Highway 1

TBM Tunnel boring machine

TGA Tauranga Group Alluvium

UCS Unconfined compressive test

VPT Victoria Park Tunnel Project



NZ Transport Agency
Additional Waitemata Harbour Crossing

Status Final – Rev C Page 29 September 2010
Document Reference No. 60157303 AWHC Preliminary Geotechnical Appraisal Report Rev

C.docx

10. References

1) Admiralty, 1955. Auckland Harbour, surveyed by Lieut. J.M. Jackson, RN, 1911 and Auckland Harbour
Board, 1953. [Scale 1:18 000]. Chart 1970. Hydrographic Office of the Admiralty, London. [Source:
Land Information New Zealand, Wellington].

2) Admiralty, 1928. Auckland Harbour, surveyed by Lieut. J.M. Jackson, RN, 1911, and Capt. S.J. Plummer
under the direction of the Auckland Harbour Board, 1912. [Scale 1:12 500]. Chart 1970. Hydrographic
Office of the Admiralty, London. [Source: Land Information New Zealand, Wellington].

3) Admiralty, 1857. Auckland Harbour, surveyed by Captn. J.L. Stokes, Commr. B. Drury and the Officers
of HMS Acheron and HMS Pandora. [Scale 1:16 600]. Chart 1970. Hydrographic Office of the Admiralty,
London. [Source: Alexander Turnbull Library, Cartographic Collection, MapColl 832.12aj/1855].

4) AHBA, 1961. 1951-1961: The Auckland Harbour Bridge Authority. Auckland Harbour Bridge Authority,
Auckland.

5) Allen, S.R. 2004. The Parnell Grit beds revisited: are they all the products of sector collapse or the
western subaerial volcanoes of the Northland Volcanic Arc? NZJGG 47: 509- 524

6) Beca, 2006. Northern Busway Project – Southern Sector and Esmonde Interchange: Geotechnical Factual
Report on the Northbound Shoulder Bus Lane from Onewa Interchange to Esmonde Interchange.

7) Beca, 2006. Vic Park Tunnel Project – Hydrogeological and Engineering Assessments Report.
8) Beca, 2006. VPT Addendum Report - Hydrogeological and Engineering Assessment.
9) Beca, 2005. Harbour Bridge to City Northbound Tunnel – Geotechnical Investigation Factual Report.
10) Beca, 2004. Central Motorway Junction: Core Area Upgrade – Design Phase Geotechnical Investigations

Stage 1.
11) Beca, 2004. Central Motorway Junction: Core Area Upgrade – Design Phase Geotechnical Investigations

Stage 2.
12) Beca, 2004. Central Motorway Junction: Core Area Upgrade – Design Phase Geotechnical Investigations

Stage 3.
13) Beca, 2004. Central Motorway Junction: Core Area Upgrade – Northern Tie-In Geotechnical

Investigation.
14) Beca, 2003. Factual Report: Symonds to Grafton Project – Additional Geotechnical Investigation.
15) Beca, 2001. Harbour Bridge to City Factual Geotechnical Report.
16) Beca, 1999. Factual Geotechnical Report – Shelley Beach Priority Lane SH1 RP 326/6.25.
17) Beca, 1995, Contract PA1359 Auckland Harbour Bridge Seismic Assessment, Stage 1 Preliminary

Seismic Assessment Report – Draft, Revision 0
18) Davy, B,  2008, Marine seismic reflection profiles from the Waitemata-Whangaparoa region, Auckland,

New Zealand Journal of Geology & Geophysics, Vol 51:161-173
19) Gregory, M.R., 1966: Rocks of the Waitemata Group. Northland. Unpublished MSc thesis, University of

Auckland
20) Hayward, B.W. 1993. The tempestuous 10 million year life of a double arc and intra-arc basin – New

Zealand’s Northland Basin in the Early Miocene. In: Ballance, P.F. (Editor), South Pacific Sedimentary
Basins. Basins of the World 2. Elsevier, Amsterdam. Pp. 113-142Hayward, 1993

21) Institute of Geological and Nuclear Sciences Limited, 2001. 1:250,000 geological map 3, Geology of
22) the Auckland Area, ISBN 0-478-09714-X.
23) Johnston, G.I., 1999: Geophysical and Structural Aspects of the Albany Conglomerate, North Auckland,

New Zealand. Unpublished MSc thesis, University of Auckland



NZ Transport Agency
Additional Waitemata Harbour Crossing

Status Final – Rev C Page 30 September 2010
Document Reference No. 60157303 AWHC Preliminary Geotechnical Appraisal Report Rev

C.docx

24) Kenny, J.A. 2008 (in press). JAFfA – Just Another Fault for Auckland – ongoing investigation of faulting
in Auckland. Geological Society of New Zealand Newsletter, 145

25) LINZ, 2008. Auckland Harbour West. Chart NZ 5323. [Scale 1:18 000]. Land Information New Zealand,
Wellington. Crown Copyright Reserved.

26) Ministry of Works, 1974, Auckland Rapid Transit Waitemata Harbour Crossing Geological Report No. 2
27) NZS1170.5:2004. Structural Design Actions Part 5: Earthquake actions – New Zealand
28) NZTA & Kiwirail, 2010. Additional Waitemata Harbour Crossing, Overview, Notices of Requirement and

Associated Plans.
29) NZTA (Transit NZ), December 2004, Bridge Manual Second Edition 2003 Provisional Amendment

December 2004
30) NZTA (Transit NZ), 2003, Bridge Manual, Second Edition
31) Opus, 2005. North Shore Busway Project Akoranga Busway Station Pedestrian Footbridge –

Geotechnical Foundation Design Report.
32) Opus, 2003. PA 2099 Waitemata Harbour Crossing – Preliminary Geotechnical Appraisal Report.
33) Opus, 2003. North Shore Busway Project Southern Sector and Esmonde Interchange – Geotechnical

Factual Report on Onewa Interchange.
34) Opus, 2003. North Shore Busway Project – Southern Sector and Esmonde Interchange – Geotechnical

Assessment Report on Stage 2 Busway – Onewa Interchange.
35) Opus, 2002. PA 2172 North Shore Busway Southern Sector and Esmonde Rd Interchange –

Geotechnical Investigation Factual Report
36) Opus, 1999. PA1749 North Shore Busway Stage 1B – Geotechnical Investigation, Final Factual Report,

Volume 2 Deep Investigation.
37) SKM, 2009. NZTA Additional Waitemata Harbour Crossing Preliminary Geotechnical Appraisal Report,

July 2009, Revision 3.0.
38) SKM, 2008. Vic Park Tunnel (VPT) Geotechnical Factual Report, Final – Volume 1.
39) SKM, 2002. Central Motorway Junction, Final Geotechnical Report: Factual Information from Stages 1, 2

& 3.
40) Spörli, K.B. & Rowland, J.V. 2007. Superimposed deformation in turbidites and syn-sedimentary slides

of the tectonically active Miocene Waitemata Basin, northern New Zealand. Basin Research 19(2): 199-
216

41) Spörli, K.B. 1989. Exceptional structural complexity in turbidite deposits of the piggy-back Waitemata
Basin, Miocene, Auckland/Northland, New Zealand. In: Spörli, K.B. & Kear, D (Editors), Geology of
Northland: accretion, allochthons and arcs at the edge of the New Zealand micro-continent. Royal
Society of New Zealand Bulletin 26: 183-194

42) Skempton, A.W., 1951. Auckland Harbour Bridge Foundations.
43) Strachan LJ, 2008. Flow transformations in slumps: a case study from the Waitemata Basin, New

Zealand. Sedimentol 55: 1311–1332
44) Tonkin & Taylor, 2008. Preliminary Geotechnical Investigation for Viaduct Exchange Site, 109-153

Fanshawe Street, City.
45) Tonkin & Taylor, 2004. Stirling and Catlow Block Developments, 95-99 Fanshawe Street, 2 Daldy

Street, Geotechnical Investigation.
46) Tonkin & Taylor, 1999. The Westhaven, Cnr Fanshawe and Beaumont Street, Viaduct Basin Area, CBD,

Geotechnical Investigation.
47) Worley Consultants, 1988. Westhaven Project - Hood Sailmakers. (Site investigation letter report).



NZ Transport Agency
Additional Waitemata Harbour Crossing

Status Final – Rev C Page 31 September 2010
Document Reference No. 60157303 AWHC Preliminary Geotechnical Appraisal Report Rev

C.docx

11. Limitations

The recommendations  and opinions  contained in  this  report  are  based on a  desk  study  in  the  project  area.
Inferences about ground conditions over the site are made using geological principles and engineering
judgment,  however  it  is  possible  that  conditions  over  the  site  may  vary  and  therefore  it  is  not  possible  to
guarantee the continuity of ground conditions away from the investigation locations.

Information in this report is not sufficient for detailed design.  Further investigations, interpretation of ground
conditions and selection of design parameters are required.
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Plan of interpreted geology. Sheet 1 of 2.
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List of Relevant Figures from Previous Studies
Figure
Number

Title Reference

Inferred Subsurface Contour Map –
Western Reclamation to Victoria Park.

Opus, 2003. PA 2099 Waitemata Harbour
Crossing – Preliminary Geotechnical Appraisal
Report.

7 Thickness of Overburden. SKM, 2008. Vic Park Tunnel (VPT)
Geotechnical Interpretive Report.

9 Elevation of ECBF. SKM, 2008. Vic Park Tunnel (VPT)
Geotechnical Interpretive Report.

Rock Contour Plan. Tonkin & Taylor, 2008. Preliminary
Geotechnical Investigation for Viaduct
Exchange Site, 109-153 Fanshawe Street,
City.

3 Busways Onewa Interchange Geology
under Fill.

Opus, 2003. North Shore Busway Project –
Southern Sector and Esmonde Interchange –
Geotechnical Assessment Report on Stage 2
Busway – Onewa Interchange

Gordon Road Grade Separation –
Location & Details of Bores. (Contours
show approx. levels of mud), 1957.

Opus, 2003. North Shore Busway Project
Southern Sector and Esmonde Interchange –
Geotechnical Factual Report on Onewa
Interchange.

7c Contour map of the Waitemata Group
erosional surface central Waitemata
Harbour

Ministry of Works, 1974, Auckland Rapid
Transit Waitemata Harbour Crossing
Geological Report No. 2

8 Contour map of the Waitemata Group
erosional surface, Auckland Harbour

Ministry of Works, 1974, Auckland Rapid
Transit Waitemata Harbour Crossing
Geological Report No. 2
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