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EXECUTIVE SUMMARY

Geotechnical Engineering Appraisal
Proposed Residential Subdivision
Kahikatea Flat Road & Horseshoe Bush Road

Pine Valley
KGA has undertaken an initial geotechnical engineering appraisal in support of the Fast-track application
for the proposed residential subdivision at Kahikatea Flat Road and Horseshoe Bush Road, Pine Valley.
. The appraisal is based on a site walkover and review of publicly available geological, geotechnical,
Scope of Appraisal

eomorphic, and mapping information.
(refer to Section 1) g P pping

No site-specific intrusive investigation has been undertaken at this stage; therefore, the findings are
preliminary and subject to future geotechnical investigation, assessment, and detailed design.

The proposed development comprises a comprehensive residential subdivision of approximately 1,000
to 1,020 lots, with associated internal roads, services, residential development blocks, and retained
drainage/green corridors.

Proposed
Development

(refer to Section 3)
Significant earthworks are expected to be required, including cut and fill, slope benching, engineered fill

placement, and treatment of low-lying or drainage-affected areas.

The ground conditions inferred from available desktop information and walkover observations are
grouped as follows:

. Low-lying alluvial areas

0 Variable Tauranga Group alluvial deposits are inferred within the central low-lying valley
areas.

0 These materials may include soft, compressible, organic-rich, saturated, and potentially acid
sulphate soils from near-surface level.

Inferred Ground o  Shallow groundwater, seepage, and wet ground conditions are anticipated within drainage
Conditions corridors, ponded areas, and low-lying terrain.

(refer to Section 4) | o Sloping ground and ridgeline areas
o Waitemata Group materials are inferred within the northwest ridgeline area.

o Northland Allochthon materials are inferred across parts of the northwest, northeast, and
southern sloping areas.

0  The Northland Allochthon materials may comprise highly sheared, moisture-sensitive soils
and rock masses with reduced slope stability characteristics.

The inferred ground model is preliminary only and requires confirmation by future site-specific
geotechnical investigation, laboratory testing, groundwater assessment, and detailed design.

The principal geotechnical constraints identified by this appraisal are grouped as follows:

. Slope and geomorphic instability

. o Slope instability and relic landslide features, particularly within areas inferred to be underlain
Key Geotechnical .
. by Northland Allochthon materials.
Constraints

(refer Sections 6 o  Shallow instability, erosion, and localised slumping along gully banks, drainage corridors, and
and 7) incised overland flow paths.

e Low-lying alluvial ground conditions

o  Soft, compressible, organic-rich, and saturated alluvial soils within the central low-lying valley
areas.

o0 Potential acid sulphate soils from near-surface level within low-lying alluvial areas.

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision — Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
29 May 2026 ii
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o  Shallow groundwater, seepage, and perched water conditions.
e Development and earthworks constraints
o Uncontrolled or disturbed fill, including areas of apparent previous ground disturbance.
o Expansive soils requiring confirmation and allowance in future foundation design.
o Potential liquefaction-related effects within alluvial deposits.

Higher-risk areas are expected to be associated with parts of the Northland Allochthon slopes, incised
gullies, drainage corridors, and low-lying alluvial areas.

Development
Feasibility

Based on the appraisal completed to date, the proposed subdivision is considered feasible from a
geotechnical perspective, provided the identified constraints are addressed through staged site-specific
investigation, detailed geotechnical and civil design, and appropriate construction monitoring.

Some areas may require appropriately designed mitigation measures, such as setbacks, earthworks
treatment, drainage, slope stabilisation and/or retaining, specific foundation design, or localised layout
refinement.

In our professional opinion, and based on our experience with large-scale land development projects,
appropriate mitigation measures should be able to be implemented to provide safe and stable building
platforms within the currently proposed development layout, subject to future site-specific investigation
and detailed design.

Future Works
Required

Future works should include targeted site-specific geotechnical investigation comprising machine
boreholes, CPTs, test pits, groundwater observations/monitoring, and laboratory testing. The
investigation should confirm the ground model, groundwater regime, shear strength parameters,
expansive soil classification, compressibility/settlement behaviour, liquefaction potential, acid sulphate
sail risk, slope stability conditions, earthworks requirements, and preliminary foundation options. Acid
sulphate soil screening/testing should be specifically allowed for in the low-lying alluvial areas from near-
surface level.

Construction
Methodology

A detailed construction methodology has not yet been provided. Future methodology should address
earthworks staging, treatment/removal of unsuitable soils, engineered fill placement, benching into
sloping ground, groundwater and seepage control, acid sulphate soil handling/treatment, erosion and
sediment control, works near drainage corridors/wetland areas, gully or slope stabilisation, retaining
works where required, and geotechnical observation/testing during construction.

Report Distribution

This appraisal should be provided to the project planner, civil engineer, structural engineer,
architect/urban designer, ecologist, environmental/contamination specialist, and other relevant design
team members. The geotechnical constraints identified in this report should be considered alongside the
civil earthworks strategy, stormwater design, ecological/wetland assessment, planning assessment, and
future environmental management requirements.

Geotechnical Engineering Appraisal

Proposed Residential Subdivision — Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
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1. INTRODUCTION

At the instruction of Tuakiri Property Limited, KGA Geotechnical Group Limited (KGA) has undertaken
an initial geotechnical engineering appraisal in support of a resource consent application under the
Fast-track Approvals Act 2024 for a proposed residential subdivision of existing properties located

along Kahikatea Flat Road and Horseshoe Bush Road, Dairy Flat.

The scope of our assessment was set out in our agreement dated 11 February 2026 and included a
detailed walkover inspection of the site and a review of publicly available geotechnical and geological
information only. The information obtained has been used to identify potential geotechnical risks and
constraints associated with the proposed development and to provide recommendations for further
detailed subsurface investigations required to fully assess the site. Preliminary geotechnical
considerations and potential mitigation measures have also been identified to inform early-stage

design, feasibility assessments, and indicative development costing.

While preparing this report, an initial evaluation of landslide hazard risk was conducted based on
Appendix 24 of Auckland Council Plan Change 120 (PC120), prior to any site-specific investigations
or design work. It is important to note this preliminary assessment is for use in the “Fast-Track”
application process only, and the conclusions within may be subject to change following site-specific
investigation and detailed design. The PC120 assessment is presented at the rear of this report as
Attachment F.

Aspects relating to potential ground contamination have not been addressed in this report as they fall
outside the scope of our services. Similarly, detailed assessment of wastewater and stormwater
engineering design has not been undertaken. However, limited commentary regarding site-specific
management and control of wastewater and stormwater is provided where relevant in the appropriate

sections of this report.

2. SITE DESCRIPTION

2.1 Legal Description

The proposed subdivision development comprises the entirety of 10 existing properties located within

the Pine Valley area, legally described as follows:

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
29 May 2026 1
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e 61 Kahikatea Flat Road Lot 1 DP 354161 4.65Ha
e 77 Kahikatea Flat Road Lot 7 DP 65688 4.24Ha
e 24 Horseshoe Bush Road Lot 1 DP 62568 4.06Ha
e 42 Horseshoe Bush Road Lot 3 DP 466485 1.00Ha
e 46 Horseshoe Bush Road Lot 2 DP 466485 1.00Ha
e 48 Horseshoe Bush Road Lot 2 DP 623127 16.48Ha
e 82 Horseshoe Bush Road Lot 2 DP 130668 7.54Ha
e 100 Horseshoe Bush Road Lot 2 DP 105762 16.25Ha
¢ (Unnumbered) Horseshoe Bush Road Lot 1 DP 130668 15.91Ha
e (Unnumbered) Horseshoe Bush Road Lot 3 DP 130668 6.75Ha

Together, these parcels comprise a total plan area of approximately 77.9 ha and are collectively

referred to herein as “the site.”

2.2 Regional Site Topography

Overall, the site is irregular in plan shape and is bounded to the north, west, and east by existing rural
properties, comprising a mixture of lifestyle blocks and farmland. It is also bounded by Kahikatea Flat
Road to the northeast and Horseshoe Bush Road to the south. At present, each of the existing lots
that comprise the site is accessed via its legally established road frontage. In addition, the property at
48 Horseshoe Bush Road benefits from a panhandle accessway connecting to Kahikatea Flat Road
at the northwest corner of the site. An indication of the site boundaries is presented in Figure 1 below
and on the Site Plan (Drawing KGA 1) included in Attachment A.

The regional topography of the site is controlled by two prominent ridgeline features, one terminating
in the northwest corner of the site and the other forming the southern boundary of the site, both
trending generally west to east. Ground levels generally fall from these elevated features toward the
central portion of the site, which comprises low lying, near-level to gently sloping terrain associated
with ancient flood terrace deposits, gently falling toward the east to northeast. A series of incised
gully features traverse the lowland areas, generally draining from the southwest and west toward the

northeast and east.

The local geomorphology and site-specific topographic features are discussed in further detail in

Section 5.

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
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71 KAHIKATEA FLAT ROAD
LET T OF 68631

AR HORSESHCE BUSH ROAD
LT 2 DPRET

18]
OF 130600

Figure 1: Snippet from KGA Site Plan showing proposed subdivision development extent, existing property
boundaries and site cover (not to scale).

3. PROPOSED DEVELOPMENT

As part of preparing this report we have received and reviewed a set of preliminary subdivision layout
plans prepared by Isthmus Limited, entitled “Proposed Residential Development — Horseshoe Bush
Road & Kahikatea Flat Road, Dairy Flat, Auckland”, reference No. 5202, dated 20 May 2026. The
plans show proposed development comprises a comprehensive residential subdivision across the
site. The indicative subdivision layout shown in Figure 2, with the layout compared to the current
topography indicated on our Subdivision Layout Plan (Drawing KGA 3) presented in Appendix A.

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
29 May 2026 3
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LEGEND N
Total Yield: 1020 Lots A
Commercial Area: 1924m2 & :

Size Breakdown

< 219m2: 25 lots

220 - 249m?2: 54 lots
250 - 279m2: 159 lots
280 - 319m?2: 448 lots
320 - 499m2: 250 lots
500 - 999m2: 46 lots

1000 - 3459m2; 33 lots
>3500m2: 6 lots

Figure 2: Snippet from Isthmus Limited plans showing proposed subdivision development layout (not to
scale).

The subdivision is proposed to comprise approximately 1,000 - 1,100 lots and has been conceptually
arranged around the existing stream corridor that traverses the site generally from west to northeast.
The development consists of a proposed connected internal road network accessed from Kahikatea
Flat Road and Horseshoe Bush Road, providing access to multiple standard residential lots arranged

in several development blocks across the site.

The major existing stream channels and its tributaries are to be retained within a central green corridor,
which is proposed to accommodate riparian planting, stormwater conveyance, and open space areas.
Residential development is generally located on the surrounding lowland and sloping ground on both

sides of this corridor.

Geotechnical Engineering Appraisal K260094-1b
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No preliminary earthworks plans have been provided for review at this stage. However, based on the
proposed subdivision layout and the existing site topography, it is anticipated that earthworks
comprise a combination of cut and fill earthworks, including benching of slopes and the formation of
engineered fill areas will be required to form the internal road network and near-level residential

building platforms.

The layout also indicates that localised infilling of minor streams, drainage channels, and ponded
areas may be required. The extent and depth of earthworks will need to be confirmed through detailed

civil design and supported by site-specific geotechnical investigation and assessment.

4. BACKGROUND INFORMATION

4.1 Sources Consulted

The following third-party information sources were consulted and referred to in this report:

e Published Regional Geology

e Auckland Council GeoMaps Website

e Historic Imagery

e LINZ Geospatial Information

o New Zealand Geotechnical Database (NZGD)

e NZGS Geotechnical Publication — Acid Sulphate Soils

A summary of our understanding of sighted third-party information is presented below. We note that
the below summary of information is limited to that considered relevant to the geotechnical
assessment of the site, is intended to present facts and opinions as outlined in the third-party sources,

and does not constitute interpretation or endorsement by KGA.
4.2 Published Regional Geology

The geology of the site and surrounding area is detailed on the GNS Science New Zealand Geology
Web Map (Scale 1:250,000). This shows the site and immediately surrounding areas to be underlain

by the following:

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
29 May 2026 5
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¢ Late to Middle Pleistoicene River and Hillslope Deposits of the Tauranga Group
e Early Miocene East Coast Bays Formation (Warkworth Subgroup) of the Waitemata Group
Middle Eocene to Early Miocene Mahurangi Limestone (Motatau Complex) in the Northland

Allochthon.
Late Cretaceous to Middle Eocene Hukerenui Mudstone (Managakahia Complex) in the Northland

Allochthon

We point out that the geological map is regional in scale and therefore only useful as an approximate

guide to the types of materials that may underlie the site. It is possible that other materials not

indicated on the map are present beneath the subject site, and also that some of the indicated

materials are absent. Regardless, the presence or absence of any material can only be confirmed

onsite by site specific investigation methods.

HUKERENUI MUDSTONE N
(NORTHLAND ALLOCTHON) ]

HUKERENUI
MUDSTONE
(NORTHLAND
ALLOCTHON)

EAST COAST BAYS FORMATION
(WAITEMATA GROUP)

HUKERENUI
MUDSTONE
(NORTHLAND
ALLOCTHON)

,’HUKERENU!

MUDSTONE
\ _. 7 (NORTHLAND
wy ALLOCTHON)

MAGURANGI LIMESTONE
(NORTHLAND ALLOCTHON)

Figure 3: Excerpt from the GNS New Zealand Geology Web Map (not to scale). The subject site boundaries
(dashed red line) relative to the mapped geological units and features are indicative and approximately only.
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4.2.1. Tauranga Group River and Hills Slope Deposits

Tauranga Group deposits are mapped through the central portion of the site (generally west to east)
within the lowland area located between the regional ridgelines that bound the northern and southern

extents of the site.

The Tauranga Group is generally described as consisting of light grey to orange-brown pumiceous
sand, silt and mud, with occasional inclusions of black muddy peat and lignite. These materials were
deposited in predominantly fluvial and lacustrine environments and are therefore expected to be highly

variable in composition and engineering properties.
4.2.2. East Coast Bays Formation of the Waitemata Group

An outcrop of East Coast Bays Formation is mapped beneath the northwest corner of the site at the
termination of the northern ridgeline. This formation typically comprises mudstone and graded
sandstone, forming alternating beds of siltstone and sandstone in the unweathered state, generally
encountered at depths greater than approximately 5 m to 8 m. Weathering of the formation results in

the development of stiff clays and silts in the completely decomposed state.

At intermediate weathering grades, the material commonly comprises moderately to highly weathered
silty fine sand and fine sandy silt, which may retain the original bedding structure and exhibit slight

cementation.
4.3 Mahurangi Limestone of the Northland Allochthon

A limestone quarry is located to the south of the site. Geological mapping indicates the presence of
Mahurangi Limestone, which comprises a sequence of pale grey to white laminated muddy

limestones, commonly interbedded with graded sandstone beds.

The strength of this formation can vary; however, the limestone is generally moderately to well
cemented and hard in its intact state. The rock mass may be folded and structurally disrupted, with

conditions ranging from highly fractured or shattered zones to relatively intact rock.

A key geotechnical characteristic of Mahurangi Limestone is the presence of clay-rich seams and
infillings within the rock mass. When exposed to atmospheric conditions and moisture, these clays

can absorb water and degrade rapidly, leading to a reduction in strength. As a result, exposed or

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
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disturbed material may become soft and unstable, particularly where weathering or excavation

exposes clay-bearing zones.
4.3.1. Hukerenui Mudstone of the Northland Allochthon

The northwest and northeast corners, together with portions of the southern area of the site, are
mapped as being underlain by undifferentiated Hukerenui Mudstone of the Mangakahia Complex, part
of the Northland Allochthon. This unit typically comprises sheared bentonitic mudstone, ranging from
soft to moderately hard and exhibiting variable colours including red, brown, green and grey, with

locally variable calcareous content.

Due to the highly sheared nature of the formation, these materials are well known to exhibit reduced
shear strength and poor slope stability characteristics, and may be prone to instability even on

relatively gentle slopes.
4.4 Auckland Council GeoMaps Website

A review of the information available on the Auckland Council GIS Web application “GeoMaps” has

been conducted, and is discussed in the following subsections.
4.4.1. Service and Waterways

The maps show no public services run through the property. A number of overland flow paths and
flood plains are shown to run through the site, generally trending in a west to east direction towards

Rangitopuni Stream, as shown in Figure 4.

Geotechnical Engineering Appraisal K260094-1b
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29 May 2026 8



(LA

GEOTECHNICAL

ik i

bofs

Figure 4. Approximate site extent overlying overland flow paths and flood plains/prone areas, sourced from
Auckland Council GeoMaps web application (not to scale).

4.4.2. Liquefaction Vulnerable Areas

As indicated in Figure 5, the “Level B — Calibrated Desktop Assessment” liqguefaction vulnerability
layer within GeoMaps indicates that the lowland areas of the site, which are mapped as being
underlain by Tauranga Group alluvial deposits, are classified as “Liquefaction Damage is Unlikely.”
The sloping ground across the northwest and northeast corners, and the southern portion of the site,
which are mapped as being underlain by either Waitemata Group or Northland Allochthon materials,

is classified as “Very Low Liquefaction Vulnerability.”

Geotechnical Engineering Appraisal K260094-1b
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Liquefaction Category is Undetermined
Liquefaction Damage is Unlikely
Liquefaction Damage is Possible
ery Low Liguefaction Wlnerabilit}.

Low Liguefaction \.-’ulnerahility.

Figure 5: Approximate site location overlying the Liquefaction Vulnerability Areas, sourced from Auckland
Council GeoMaps (not to scale).

The “Liquefaction Damage is Unlikely” classification indicates that there is a probability of greater than
85% that liquefaction-induced ground damage will be “None to Minor” during a ULS (1:500 year)
seismic shaking event. The “Very Low Liquefaction Vulnerability” classification indicates that there is
a probability of greater than 99% that liquefaction-induced ground damage will be “None to Minor” for

the same ULS seismic event.

This dataset has been generated using a high-level calibrated desktop assessment based on regional
geological and geomorphological mapping, together with qualitative interpretation of a limited number
of subsurface investigations. Due to the regional scale of the mapping and the limited subsurface data
available, there remains a degree of uncertainty associated with these classifications. Accordingly,
site-specific geotechnical investigations and detailed assessment will be required to confirm the

liquefaction vulnerability across the site as part of future stages of design and consenting.

Geotechnical Engineering Appraisal K260094-1b
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4.4.3. Landslide Susceptibility

Landslide susceptibility mapping for both large landslides and small-scale shallow landslides has
recently been incorporated into the GeoMaps application as part of PC120. These maps are based
on the Auckland Council Technical Report entitled “Auckland Region Landslide Susceptibility
Assessment”, reference TR2025/7, dated May 2025.

The mapping indicates that land within the site is classified as “Very Low” to “Low” susceptibility for
large-scale landslides, and “Very Low” to “Very High” susceptibility for shallow landslides (refer to
Figures 6 and 7). Cells classified as “High” to “Very High” susceptibility to shallow landslides are also

mapped within approximately 150 m upslope of the Site to the west and north of portions of the site.

y 1 : s 1

Very ng.
H:gr‘.

Moderate:

Very | -'\;'1.
ngr‘. a

Moderate:
Low

Very Low

=1

6 17
Figures 6 and 7: Large scale (Figure 6) and small-scale shallow (Figure 7) Landslide Susceptibility Maps,
sourced from Auckland Council GeoMaps (Not to scale).

Based on the outcomes of this assessment, the site has been assigned an overall “Medium” risk
classification, corresponding to a “Tolerable” risk level. We have made reference to relevant activity
type in Tables E36.4.1B and E36.4.1C of Unitary Plan E36 as detailed below. The assessment carried
out within this letter complies with E36.6.A1 Standard (risk assessment carried out by a geotechnical
professional). It is also important to note that the following Activity Status is for the assumed ‘post-

development’ of the site.

e A122—Controlled Activity — New structures and buildings and external additions and alterations
to existing structures and buildings (as existing at 03/11/25) with a gross floor area more than
20m? associated with activities potential sensitive to natural hazards in medium (tolerable) and

high (significant) landslide hazard risk areas that comply with Standard E36.6.A1.
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e Al124 — Restricted Discretionary — New structures and buildings and external additions and
alterations to existing structures and buildings (as existing at 03/11/25) with a gross floor area
more than 20m2 associated with activities sensitive to natural hazards in landslide hazard risk
areas that comply with Standard E36.6.A1.

e A133 — Restricted Discretionary - All other infrastructure in landslide susceptibility assessment

areas not otherwise provided for.

A detailed PC120 Landslide Hazard Risk Assessment has been undertaken by KGA and is presented

in Attachment F.
4.5 Historic Imagery

To better understand the site’s historic land use and geomorphic development, a review of historic
aerial photographs sourced from Auckland Council GeoMaps has been undertaken. Figures 8 to 13
illustrate the evolution of the site from the 1940s to the present, with key observations summarised

below:

1940s Photograph: The earliest available aerial photograph indicates the site was predominantly
used for farmland. The properties comprising Lot 1 DP 130668 and Lot 3 DP 130668 (Horseshoe
Bush Road) appear to be covered in shrubs and bush vegetation. Vegetation also appears largely
uncontrolled along the main drainage flow paths traversing the site. Small dwellings are present along
the road frontage of 100 Horseshoe Bush Road and 61 Kahikatea Flat Road, with several minor farm

sheds and structures scattered across the properties.

1960s Photograph: By the 1960s, much of the site had been cleared of bush and shrub vegetation,
with remaining vegetation largely confined to the main drainage channels. Well-established farm
paddocks and farm tracks are visible across the properties. Lines of large trees appear to have been
planted as windbreaks at several locations across the site. Several farm ponds are also evident,
including the existing larger ponds located at the base of slopes in the western portion of the Site and
within the northern portion of the central valley. Additional structures are also present on 61 and 77
Kahikatea Flat Road.
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1990s Photograph: The site appears to remain largely unchanged through to the 1990s, although
neighbouring properties appear to have undergone further development during this period. Windbreak
tree lines and vegetation along the main flow paths appear more established. The existing structure
located near the centre of 82 Horseshoe Bush Road, and the road fronts of 24 and 42 Horseshoe
Bush Road appear to have been constructed during this period. A farm pond has also been

constructed in the northern portion of 24 Horseshoe Bush Road.

2000 to 2005 Photograph: The first available colour aerial imagery, captured between approximately
2000 and 2005, shows the Site remaining generally unchanged. The structure located along the road

frontage of 77 Kahikatea Flat Road appears newly constructed.

2017 Photograph: This photograph shows the formation of a low-lying wetland area within 48
Horseshoe Bush Road, along with the construction of the existing large shed structure adjacent to this

area. A large industrial complex is also evident immediately to the east of the site.

2024-2025 Photograph: The most recent aerial photograph shows the site largely in the condition
observed during the site walkover inspection. Areas of apparent recent ground disturbance are visible

adjacent to the pond located in the central portion of the site.
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Figures 8 to 13: Historical aerial photography, sourced from Auckland Council GeoMaps application (Not to scale).
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4.6 LINZ Geospatial Information

We have reviewed publicly available geospatial information from Land Information New Zealand
(LINZ) relating to the site and the immediately surrounding area. This data assisted in confirming the
current site topography and geomorphology, and in identifying potential historic landslide or mass
movement features, including those that may be obscured by vegetation or not readily apparent during
site inspection.

The information obtained was used to generate a three-dimensional model of the site using the 2024
LINZ LiDAR-derived Digital Elevation Model (DEM), as presented in Figures 14 and 15. In addition, a
slope angle analysis was applied to the DEM to visually represent ground gradients across the site in
plan view, as shown in Figure 16.

Interpretation of the 3D terrain model and slope gradient mapping generally confirms the observations
made during our reconnaissance walkover (refer Section 5) and the review of background information.
In particular, the models assisted in identifying large relic landslide scarp features along the northwest
and southwest portions of the site, together with numerous smaller scarp features located along the
gully margins of the drainage channels that traverse the site. Areas of hummocky ground are also
more readily identifiable in the LIDAR model and are observed downslope of the larger scarp features,
which may indicate areas of previous or ongoing land movement. The interpreted landforms are

presented on the Geomorphology Plan (Drawing KGA 4) included in Appendix A.

EAST RELIC WEST
RP FEATURES

e

— s .

e

Figure 14: Three-dimensional perspective of the site elevation (data sourced form LINZ) of the southern
Northland Allochthon slopes (looking south).
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Figure 15: Three-dimensional perspective of the site elevation (data sourced from LINZ) of the northwest
corner of the site which comprises a Waitemata Group Ridge (looking north).

Figure 16: Slope gradients (calculated from 2024 LINZ LiDAR data).
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4.7 New Zealand Geotechnical Database (NZGD)

A review of the NZGD identified several publicly available geotechnical investigations in the immediate

vicinity of the Site. The available information includes the following:

e North of the Site — 63 Turley Road

o0 1 x hand-auger borehole logged by Engineering Design Consultants Limited (EDC)
e East of the Site — 17 Kahikatea Flat Road

o0 9 x hand-auger boreholes logged by Engineered Geology Limited (EGL)

0 4 x machine boreholes logged by URS Limited (URS)
e South of the Site — Limestone quarry / landfill area

0 2 x machine boreholes logged by Tonkin + Taylor (T+T)

0 7 x standpipe boreholes logged by ProDrill Limited

The subsurface investigation logs are summarised in Table 1 below. Copies of the referenced borehole

logs are included in Appendix C.

The subsurface conditions identified within the NZGD records are generally consistent with the expected

geological conditions inferred from the published geological mapping (refer Section 4.2).

The EDC borehole, drilled within the lowland north of the ridgeline feature in the northwestern corner of the
site, together with the boreholes logged by EGL and URS to the east of the site, encountered alluvial
deposits comprising variable silts, clays and sands, with occasional inclusions of organic material and fine
to coarse gravels. Recorded shear strengths within these materials ranged from approximately 40 kPa to
greater than 180 kPa.

The T+T and ProDrill boreholes, located south of the site between Horseshoe Bush Road and the limestone
quarry, encountered both Mahurangi Limestone and Hukerenui Mudstone of the Northland Allochthon
Complex. The logged materials varied considerably, however, both formations were commonly noted to be
highly fractured and sheared, consistent with the structural characteristics typically associated with these

units.
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Stratum
. Date of Investigation - ‘ Scala Penetrometer Measured
Location L Company NZGD ID Original ID - " — " -
Investigation Type Tonsoil Fill Alluvium Deposits Mahurangi Limestone | Hukerenui Mudstone | Hukerenui Mudstone Range Groundwater
P (TG) (NA) Residual Soils (NA) (NA)
North of Site * 4.9-6.55
63 Turley Road 26/05/2016 EDC Hand-Auger HA_87978 HA4 -- -- 0.0-4.9 -- -- -- No Refusal 1.9
BH1 0.0-0.2 -- 0.2-2.7* -- -- -- N/A 0.9
BH2 0.0-0.3 -- 0.3-2.7* - - -- N/A 0.8
BH3 0.0-0.2 -- 0.2-3.0* -- -- -- N/A 1.9
BH4 0.0-0.2 0.2-2.0 2.0-3.0* -- -- -- N/A 2.9
18/11/2003 EGL Hand-Auger HA_120541 BH5 0.0-0.2 0.2-0.7 0.7-4.2* - - -- N/A --
BH6 0.0-0.1 0.1-2.3 2.3-3.0* -- -- -- N/A 3.0
East of Site
17 Kahikatea Flat BH7 0.0-0.1 -- 0.1-4.1* -- -- -- N/A 2.3
Road
BH8 0.0-0.2 -- 0.2-2.1* - - -- N/A 2
BH9 0.0-0.3 -- 0.3-2.1* -- -- -- N/A --
MW5 -- 0.0-1.6 1.6-3.25* -- -- -- N/A N/A
. MW6 -- 0.0-1.6 1.6-3.25* - - -- N/A N/A
24/06/2004 URS W‘;‘ézi‘;?;"e RC_80610
SB1 -- 0.0-1.1 1.1-4.0* -- -- -- N/A N/A
SB2 -- 0.0-1.2 1.2-4.0* -- -- -- N/A N/A
28/03/1991 Machine RC_124551 Shaft 2 -- -- -- - 0.0-2.1 2.1-10.8* N/A --
T Borehole
1/08/1995 RC_71047 w21 Wash Drilled to 3.0m 3.0-41.5* N/A --
RC_68907 W7 0.0-2.0 -- -- 2.0-9.0* -- -- N/A --
RC_68908 w8 0.0-0.7 -- -- 0.7-11.0* - -- N/A 8.25
South of Site
Limestone RC_68909 W9 0.0-1.2 -- -- 1.2-8.0* -- -- N/A 7.25
Quarry/Landfill .
. Standpipe
18/12/1995 ProDrill Borehole RC_68910 W10 0.0-0.3 -- -- 0.3-7.5* -- -- N/A --
RC_68911 w11 0.0-0.7 -- -- 0.7-13.5* - -- N/A 10.6
RC_68912 w12 0.0-1.5 -- -- 1.5-8.8 -- 8.8-10.5* N/A 10.25
RC_68913 W13 0.0-0.7 -- -- 0.7-5.5 -- 5.5-9.08 N/A 8.46
Note: All measurements are in metres -- = material/groundwater not encountered * = End of Borehole N/A = not applicable.
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4.7.1. NZGS Geotechnical Publication — Acid Sulphate Soils

The presence of organic soils resulting from fluvial/lacustrine depositional environments, and the
proximity of the property to documented flood plains (approximately 9m distance), indicates that acid
sulphate soils could be possible at the site. Review of “Preliminary assessment of the acid sulphate
soils hazard in the Auckland region” (Roberts & McConchie, 2017) shows that the site is in the vicinity

of low, medium, and high probability areas (see Figure 17 below).

APPROXIMATE SITE

LOCATION
o 4«

Legend
Negligible Probability of Occurrence
Low Probability of Occurence N
Medium Probability of Occurence A ——— |
] High Probability of Occurence Q/

Figure 17: Preliminary map of the potential for acid sulphate soils in the Auckland Region (sourced from
Roberts & McConchie, 2017)

Based on the low-lying alluvial setting, mapped Tauranga Group deposits, proximity to drainage
channels and floodplain areas, and the potential presence of organic-rich soils, acid sulphate soils
may be encountered from near-surface level within the low-lying portions of the site. The presence,
extent, depth, and severity of acid sulphate soils have not been confirmed as part of this appraisal

and should be assessed during future site-specific investigation.
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The sulphuric acid produced within acid sulphate soils can cause corrosive damage to concrete and
steel reinforcing over time if they are exposed to the acidic soils. Where acid sulphate soils are

confirmed, earthworks and construction may require specific management measures, including:

e targeted laboratory testing;

e segregation of affected materials;

e treatment/neutralisation;

e controlled reuse or off-site disposal;
e groundwater management; and

e durability design for buried concrete, steel, reinforcing, and services.

These matters are considered manageable through future investigation, detailed design, and

appropriate construction methodology.

5. SITE WALKOVER AND KGA ZONING

KGA carried out a detailed site walkover of the subdivision extent on 23 February 2026. This walkover
was carried out by a Senior Engineering Geologist to confirm the interpretation of our desktop study

(Section 4 above) and identify any additional features to note.

To facilitate reference and discussion for the following subsections of this report, we have divided the
site into distinct Zones, classified based on geological, topographical and geomorphological
characteristics (which are discussed in detail in the following sections). The Zone extents are
presented in Figure 18 and within our Zoning Plan (Drawing KGA 2) presented in Appendix A. The

Zones include the following:

e Zone 1 — Waitemata Group Block — Located in the northwest corner of the site.

e Zone 2 — Northland Allochthon Northwest Block (southerly aspect) — Located in the northwest
corner of the site.

e Zone 3 — Northland Allochthon Southern Block — Located on the southern portion of the site.
0 Zone 3a— Western extent of southern Block (northwest aspect)
0 Zone 3b — Central extent of southern Block (north aspect)

0 Zone 3c — Eastern extent of southern Block (northeast aspect)
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e Zone 4 — Northland Allochthon Northeast Block (south aspect) — Located in Northeast corner of
the site.
e Zone 5 — Alluvium Lowland — Located through the centre of the site (west to east).
0 Zone 5a — Western extent including west most secondary tributaries.
0 Zone 5b — Central extent including main overland flow path/channel.
0 Zone 5c — Northeast extent.
o}

Zone 5d — Eastern extent.

Figure 18: Site plan showing KGA Zoning (not to scale).
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5.1 Zone 1l - Waitemata Group Block

This area is located in the northwest corner of the site, entirely within Lot 1 DP 130668 Horseshoe
Road. The zone impasses the eastern end of a regional ridgeline assumed to be underlain by the
more competent Waitemata Group materials. This zone comprises moderately to steeping sloping
ground with an east to south aspect. Itis covered exclusively by farmland, with a large, circular farm
pond located on the eastern portion of the zone, near the base of the slopes. A large scarp like
feature is present on the southern facing slopes and assumed to be a relic feature of historical landslip

feature, as shown in Figure 19.

3

Figure 19: Photograph of Zone 1 sloping ground. Taken from the centre of the site looking northeast.

5.2 Zone 2 — Northland Allochthon Northwest Block

This area is location in the northwest corner of the site, entirely within Lot 1 DP 130668 Horseshoe
Road. The zone is located immediately southwest of the steep slopes of the relic scarp feature
located within Zone 1. The zone comprises moderately sloping ground with a southerly aspect. A
series of overland flow paths have incised small gully like features, flowing north to south through the
zone. These are inferred to originate from a combination of surface runoff and springs located in the

upper northern portions of the slope. Hummocky ground was observed adjacent to the flow paths.
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5.3 Zone 3 —Northland Allochthon Southern Block

This zone comprises the northern slopes of the regional ridgeline that forms the southern boundary
of the site. The area is mapped as being underlain by the variable materials of the Northland
Allochthon Complex. For the purposes of this assessment, the zone has been divided into three
distinct sections based on slope aspect, which is inferred to be a governing factor influencing the
variation in observed near-surface ground conditions. These sections comprise slopes facing

northwest, north, and northeast.

Figure 20: Photograph of Zone 3 sloping ground. Taken from the centre of the site looking south.

5.3.1. Zone 3a - Western Extent of Southern Block (northwest aspect)

Zone 3a comprises the western third of the block, including the southern portion of Lot 3 DP 130668
and the southwest portion of 100 Horseshoe Bush Road. The slopes within this zone are moderately
to steeply inclined, generally facing northwest, and terminate at the incised gully associated with the
primary overland flow path that traverses the site from west to east. A number of secondary overland

flow paths were also observed draining through this area toward the main channel.
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Two larger scarp features were observed near the crest of the ridgeline along the southern extent of
this zone. The ground downslope of these scarps, which comprises the majority of the zone, exhibits
evidence of slow ground movement or creep, including hummocky ground surface, leaning trees, and

displaced power poles, as illustrated in Figure 21.

Figure 21: Photograph of Zone 3a sloping ground with hummocky ground and leaning trees and power
pole. Taken from half way up the slopes looking west.

5.3.2. Zone 3b — Central Extent of Southern Block (north aspect)

Zone 3b comprises the central third of the block and includes the southeast corner of 100 Horseshoe
Bush Road and the southern portion of 82 Horseshoe Bush Road. The slopes within this area are
generally gently to moderately inclined. No clear evidence of deep-seated ground movement was
observed within this zone during the site inspection. However, two minor incised gully features are
present and appear to originate approximately mid-slope, potentially associated with natural spring or

seepage features. These gullies extend downslope toward the central drainage corridor of the site.
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5.3.3. Zone 3c — Eastern Extent of Southern Block (northeast aspect)

Zone 3c comprises the easternmost third of the block, encompassing the southern portion of
48 Horseshoe Bush Road. The slopes within this area generally fall toward the northeast. No
evidence of ongoing ground movement or significant overland flow paths was observed within this

zone during our walkover inspection.
5.4 Zone 4 — Northland Allochthon Northeast Block

This area is located in the northeast corner of the site, entirely within 77 Kahikatea Flat Road. The
zone comprises gently sloping ground facing generally south to southwest and is mapped as being
underlain by the variable materials of the Northland Allochthon Complex. No evidence of ongoing
ground movement or significant overland flow paths was observed within this zone during our

walkover inspection.

Figure 22: Photograph of Zone 4 sloping ground. Taken from northeast most corner of the site looking
southwest towards Zone 5c.
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5.5 Zone5 - Alluvium Lowland

Zone 5 comprises the low-lying alluvial valley floor that extends through the central portion of the site
and generally follows the primary drainage corridor that traverses the site from west to east. The area
is mapped as being underlain by Tauranga Group alluvial deposits and is characterised by flat to
gently undulating ground, with several drainage channels, overland flow paths, and localised wet or
ponded areas observed during the site walkover. Due to the large extent of this lowland area and
the variation in drainage features present, the zone has been divided into four sub-zones for the

purposes of describing site observations.
5.5.1. Zone 5a - Western Extent Including West-Most Secondary Tributaries

Zone 5a comprises the western portion of the alluvial lowland, including the westernmost secondary
tributaries. This area encompasses the south portion of Lot 1 DP 130668 Horseshoe Bush Road and
the northern portions of Lot 3 DP 130668 and 100 Horseshoe Bush Road. The ground in this area is
generally near level to gently sloping toward the east. The secondary tributaries within this zone are
locally steeply incised, with numerous shallow failures observed along the gully banks, particularly

along the south-facing slopes.
5.5.2. Zone 5b — Central Extent Including Main Overland Flow Path/Channel.

Zone 5b comprises the central portion of the alluvial lowland, where multiple overland flow paths
converge into the main drainage channel that traverses the site. This area encompasses northern
portions of 48 and 82 Horseshoe Bush Road. The ground within this area is generally gently sloping
to near level. The main overland flow paths within this zone are fenced and heavily vegetated, as
shown in Figure 23. A large farm pond is also present within the northern portion of this zone, shown

in Figure 24.

An earthworks crossing is present across the main drainage path. This feature was observed to be
under construction in the 2014 aerial photograph (refer Section 4.5). The crossing has since failed,
resulting in the formation of a large scarp feature, as shown in Photo 25. The failure has occurred on
near-level ground and is interpreted to likely be associated with excess water pressures developing

within the fill forming the dam or crossing structure.
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23 24 [

Figures 23 and 24: Photographs of Zone 5b. Figure 23 shows the incised gullies converging, with the main
tributary fenced and vegetated. Figure 24 shows the large farm pond located within the northern portion of
the zone. Both photographs were taken looking southwest.

Figure 25: Photograph showing the failure of the earthwork pond dam within Zone 5b, exposing variable fill
materials, with the base saturated.
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5.5.3. Zone 5c — Northeast Extent.

Zone 5c comprises the northeastern portion of the alluvial lowland and is situated at a slightly higher
elevation than Zone 5b. This area encompasses the southern extent of 77 Kahikatea Flat Road, and
the northern extent of 61 Kahikatea Flat Road. The ground surface across this zone is generally near
level, with moderately sloping banks along the southern extent, where the area is incised by the main
tributary channel. Several larger scarp features were observed along these banks, indicating localised

slope instability associated with erosion and incision of the drainage channel.

Figure 26: Photograph of southern slopes of Zone 5c, with observed scarp feature and hummocky ground.
Taken looking northwest.

5.5.4. Zone 5d — Eastern Extent.

Zone 5d comprises the eastern extent of the alluvial lowland and is characterised by generally near-
level ground. A well-established wetland area was observed adjacent to the dwelling located near the
centre of 48 Horseshoe Bush Road. The wetland appears to be associated with the low-lying drainage
environment and shallow groundwater conditions within this portion of the site. A farm pond is also

present in the northern portion of 24 Horseshoe Bush Road.
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Figure 27: Photograph of near level alluvial lowland of Zone 5d, Taken from Horseshoe Bush Road looking
north.

6. GEOHAZARD IDENTIFICATION

Section 106 of the Resource Management Act (RMA) states that a Consent Authority may refuse to

grant a Resource Consent, or may grant a conditional consent, if it considers that:

e There is significant risk from natural hazards.
e Sufficient provision has not been made for legal and physical access to each allotment to be

created by the subdivision.

As part of our geotechnical assessment, we have undertaken a review of the potential geotechnical
hazards (geohazards) that could affect each the site. These are issues or constraints to development
relating to the ground. Having identified the potential geohazards, it is then possible to assign risk
levels to each. Our assessment uses the risk classification methods provided in Section 2.4.3 of the
“The Auckland Council Code of Practice for Land Development and Subdivision — Chapter 2:
Earthworks and Geotechnical”, Version 2., dated May 2023 (COP). The risk table presented in the
CORP is reproduced in Table 2 below.
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Consequence
Likelihood e - - -
Insignificant Minor Moderate Major Catastrophic
C1 C2 C3 Cc4 C5
Almost Certain Medium High Very High Extreme Extreme
L5 5 10 15 20 25
Likely Low Medium High Very High Extreme
L4 4 8 12 16 20
Moderate Low Medium Medium High Very High
L3 3 6 9 12 15
Unlikely Very Low Low Medium Medium High
L2 2 4 6 8 10
Rare Very Low Very Low Low Low Medium
L1 1 2 3 4 5

By defining the potential geohazards, the table enables prioritisation and problem definition that can
be addressed by appropriate geotechnical design. Geotechnical design recommendations to allow
mitigation of relevant geohazards identified are given in the subsequent sections below. In some
cases, it may not be possible to fully mitigate the risk, and some ‘Residual Risk’ may still be applicable
to the site. The potential existing and future (post-development) geohazards risk are listed in Table 3

below.

References to residual risk in this report relate to the geotechnical risk remaining after investigation,
design, and construction of appropriate mitigation measures. The identification of Moderate or High
preliminary geotechnical risk areas does not, in itself, mean those areas are undevelopable. Rather,
those areas require targeted investigation and specific geotechnical design to confirm whether

building platforms, roads, services, and open space areas can be formed safely and stably.

We point out that our geohazard identification and associated risk assessment relates to geotechnical
risks only. Other geohazards (such as contamination) may apply to the project and these must be

managed by other appropriate parties.

Only those geohazards that are determined to present a risk to the site and / or proposed development
have been discussed further. As part of our assessment, we have considered the impact of remaining
geohazards but, either due to the situation of the site and / or the nature of the proposed development,
those geohazards which are not discussed further within this report are deemed to have only no to

minor effects, and hence are not a consideration for the site.
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Table 3: Potential Geohazards Affecting the Proposed Development Safety in Design Risk Register

Existing Site Risk Future Site Risk [
Pre-Development Post-Development i itigati i i P
Geohazard ( 2 ) Initial Comments ( 2 ) (EEtEE! M|t|g';5aut|r2:12§ng|neer|ng Cife] Section(s)
Likelihood Consequence Risk Rating Likelihood Consequence Risk Rating v (If applicable)
Laboratory Shrink/Swell testing should be conducted
£ oansive Soils Likely Moderate High Preliminary Soil Classification of Highly to Extreme Likely Insignificant Low ?jlop\f‘v:?fci?tgg”r:ﬂfii:fc')f:g:l?no‘;::ﬁxfrﬂgn -
P L4 c3 12 Reactive Soils (Class H to E) as per MBIE A19. L4 c1 4 ylowing comp . . ' :
Final Lot development will need to consider
classification in foundation design.
e  Preliminary seismic soil classification of
Seismic Settin i:gelal?l\;vi; Z” ?/l\t/eaig(e:rlv?;sace)rfci: thoe; ?\lrgrL:EIC;nd Potential liquefaction risk at site.
. o 9 . . Likely Major Very High y . P o Likely Insignificant Low Following appropriate testing (CPTs/DMTs) the
(Seismic Site Classification / Liquefaction Allochthon materials and Deep soil site (Class - . ) . 7.2
. L4 Cc4 16 . . ) L4 C1 4 seismic soil class can be confirmed for detailed
Potential) D) for ground underlain by Alluvium deposits. )
: structural design.
. Silts and sands encountered below
groundwater level.
e  Problematic soils comprising peat/organic
Problematic Soils Likely Moderate High m.atgrlal are expected t? be encountered Likely Minor Medium Problematic soils to be removed beneath building
. ) . within the lowland alluvium. - . o ; 7.3
(Compressible / Collapsible / Sensitive) L4 C3 12 . L4 c2 8 footprint and/or accounted for in specific design.
. Northland Allochthon know to be sensitive to
groundwater fluctuations.
Uncontrolled Fill & Other Unsuitable Likely Moderate High Uncontrolled fill and unsuitable material expected Rare Moderate Low Unsuitable/non-engineered fill material to be removed 73
Materials L4 C3 12 to be encountered (farmland). L1 C3 3 as part of the site formation works ’
«  Deep-Seated Instability — Evidence of deep- e  Deep ground investigation gompnsmg machine
. - . . borehole and cone penetration tests are to be
Site Instabilit seated instability across the site (particularly carried out on site to confirm deep-seated
. . y . Likely Major Very High within the Northland Allochthon slopes. Unlikely Major Medium P
(Slope Instability / Soil Creep / Erosion / . . movement. 7.4
A L4 Cc4 16 e  Shallow Instability — Shallow stability L2 c4 8 . " .
Significant Slopes) . . e  Site specific slope stability both global and local
observed across the site, with the gully . . . o .
. will be carried out with future Specific Design to
features and sloping ground. . . .
account for potential slope instability.
Boundary Effects Rare Minor Very Low Proposed excavations near boundary are no Rare Minor Very Low
(Groundwater Drawdown / Boundary . . . N/A
) L1 Cc2 2 deeper than neighbouring sites ground level RL. L1 Cc2 2
Excavations)
Coastal Assessmeqt (ASCIE) / Tsunami N/A N/A N/A Site not.located within the Auckland Council ASCIE N/A N/A N/A N/A
Risk regression. Geohazard deemed not applicable to site.
Geothermal N/A N/A N/A Slte' not located in a known geothermally active N/A N/A N/A N/A
setting.
Rockfall N/A N/A N/A No cliff/rock outcrops located above or below site. N/A N/A N/A N/A
Acid Sulphate Soils Unlikely Major Medium Acid sulphate soils may be present within the Unlikely Minor Low Site-specific lab testing for acid sulphates to be carried 73
P L2 Cc4 8 lowland alluvium deposits. L2 c2 4 out. Can be accounted for in specific design. ’
Cave / Lava Tubes N/A N/A N/A Site not located within known lava flows. N/A N/A N/A Geohazard deemed not applicable to site. N/A
Likely Moderate High Larger vegetation to be removed as part of site Unlikely Minor Low Where removed, root bulbs and surround unsunab.le
Trees . materials will need to be undercut and replaced during N/A
L4 C3 12 formation earthworks. L2 Cc2 4 . )
site formation works..
Stormwater & Wastewater Considerations
Stormwater . Moderate Moderate Medium . Rare Moderate Low Stormwater to be diverted away from building
(uncontrolled surface runoff / flooding / Stormwater controls required. ; . ; . N/A
o L3 C3 9 L1 L3 3 platforms into existing public services.
onsite disposal)
Wastewater Onsite wastewater disposal has not considered.
o N/A N/A N/A Wastewater to be connect to existing public N/A N/A N/A Geohazard deemed not applicable to site. N/A
(onsite disposal) )
service.
Note: Geohazard with existing site risk ratings less than 4 (Low) have not been considered further in this report unless specifically stated..
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7. GEOHAZARD ASSESSMENT AND FURTHER GEOTECHNICAL INPUT

Our geohazard risk identification assessment, detailed in Section 6 identified several potential geotechnical
hazards across the site that may influence the proposed development. These include expansive soils,

unsuitable or problematic materials, elevated groundwater conditions, and site instability.

Based on the findings of this assessment, a preliminary geohazard risk classification has been assigned to
each Zone outlined in Section 5. The classification considers the potential presence of expansive soils,
unsuitable or problematic materials, and both shallow and deep-seated slope instability. The resulting risk

classifications are summarised in Table 4 below.

Table 4: Preliminary Geohazard Risk Classifications of Proposed Zones

preliminary risk

e . Comment Notes
classification

Zone

Relic scarp features and moderate to steep slopes are present.
Zone 1 Medium Further investigation and slope stability assessment will be
required to confirm development suitability.

Hummocky ground, incised drainage features, and inferred
Northland Allochthon materials indicate an elevated instability

Zone 2 High risk. Targeted investigation and stability assessment will be
required.
Relic scarps, hummocky ground, leaning trees, and displaced
Zone 3a very High services indicate potential slope movement. Detailed

investigation, modelling, and mitigation design will be required
Localised gullies and seepage features are present. Further
Zone 3 Zone 3b | Medium to Very High | investigation is required to confirm slope stability and
groundwater conditions.

No evident instability was observed during the walkover;

Zone 3c Medium to High however, inferred Northland Allochthon materials require
confirmation by investigation.

No evident instability was observed during the walkover;

Zone 4 Medium however, inferred Northland Allochthon materials may present
variable ground conditions requiring confirmation.

Low-lying alluvial ground may include soft, compressible,
organic-rich, saturated, and potentially acid sulphate soils from
near-surface level. Detailed investigation and ground treatment
may be required.

Note: Classifications are preliminary only and subject to change following detail subsurface investigation.

Medium, localised
Zone 5 (ato d) Vey High (main fluvial
channels)

Areas classified as Moderate Risk comprise parts of the site that may be suitable for future development,
provided that development-specific geotechnical investigation, analysis, and design are undertaken to

confirm the feasibility of building platforms and access in these areas.
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Areas classified as High Risk comprise portions of the site that are not currently considered suitable for
development without significant geotechnical intervention. These areas generally include steeper slopes
and locations where evidence of instability was observed during the site assessment. While development
may still be possible in some cases, it will require detailed investigation and design, and will likely involve
significant stabilisation or remediation measures to ensure the long-term stability of any future
development. An indication of the preliminary risk classification extents on site (using the colour code from

Tables 2 to 4) is presented in Figure 28.

Figure 28: Preliminary Geohazard Risk Classifications of Proposed Zones on KGA Site Plan (not to scale).

It is noted that the above risk classifications are based primarily on geomorphic observations made during
the site walkover and interpretation of remote sensing datasets (including LIDAR-derived terrain models).

The classifications do not account for other planning or development controls that may apply to the site.

It is also possible that areas currently classified as High Risk could be reclassified following detailed
geotechnical investigation and analysis, while areas currently assessed as Moderate Risk could also be
revised should additional hazards or constraints be identified.
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The key geohazard mitigation strategies and further geotechnical investigations required to support the

proposed development are discussed in detail in the following sections.
7.1 Preliminary Expansive Soil Classification

The underlying soils on the site comprise Alluvium materials. Experience with similar soils elsewhere
suggests that the site soils are likely to be susceptible to seasonal shrink/swell movements as the

ground dries out and then wets up in a cyclic manner from summer to winter.

The New Zealand Ministry of Business, Innovation & Employment (MBIE) released an amendment to
the New Zealand Building Code Clause B1 Structure in November 2018 (MBIE A19). The MBIE A19
amendment has revised the various classes that were otherwise given within AS2870 for shrink-swell
severity (principally A, S, M, H, and E), with the revision being due to an increase in the ULS design

criteria from 1/300-year drought period to a 1/500-year drought period.

Based on our assessment, for the purposes of preliminary design, the site may be designated as
Highly to Extremely Reactive (Class H to E). Soils within this Expansive Soil Class may be
assumed to have an SLS 500-year return design characteristic surface movement (ys) of greater than
78mm. Itis important to note this classification is preliminary only, and based on our experience with

recent developments in the immediate area.

Shrink/swell laboratory testing should be conducted prior to site formation works to confirm the
expansive nature of the soils within the building platforms. Shrink/Swell effects may be reduced via
subgrade replacement (with granular material), which could improve future development foundation

requirements.
7.2 Preliminary Seismic Hazard Assessment
7.2.1.  Seismic Subsoil Classification

Based on our interpretation of the available field and geological information, the site has been
preliminarily classified as Subsoil Class C (Shallow Soil Site) for areas underlain by Waitemata Group
and Northland Allochthon materials, and Subsoil Class D (Deep Soil Site) for areas underlain by

alluvial deposits, in accordance with NZS 1170.5:2004 Section 3.1.3.4 (seismic design).

Geotechnical Engineering Appraisal K260094-1b
Proposed Residential Subdivision - Kahikatea Flat Road & Horseshoe Bush Road, Pine Valley, Auckland
29 May 2026 34



b -
GEOTECHNICAL

This classification is preliminary only, and a site-specific subsoil classification will be required prior to
subdivision works in accordance with the requirements of NZS 1170.5:2022. Confirmation of the final
classification will require site-specific geotechnical investigation, including a series of Cone
Penetration Tests (CPTs) undertaken across the site to a minimum depth of 30m, or to effective

refusal, whichever is encountered first.
7.2.2.  Qualitative Liquefaction Potential Assessment

Soil liquefaction occurs when cyclic loading, such as that generated during earthquakes, causes a
loss of soil strength and stiffness due to the build-up of excess pore water pressures. Soils most

susceptible to liquefaction typically comprise loose, saturated, uniformly graded sands and fine sands.

Based on the mapped geology and available information, the alluvial deposits of the Tauranga Group
present within the lowland areas of the site may be susceptible to liquefaction, depending on the
density, composition, and groundwater conditions of the materials. In contrast, the Waitemata Group
and Northland Allochthon materials underlying the surrounding slopes are generally considered to

have low liquefaction susceptibility.

Prior to subdivision works, it is recommended that a site-specific liquefaction assessment be
undertaken to verify the liquefaction potential across the Site. This assessment will require deep
subsurface investigations, comprising a combination of machine boreholes, cone penetration tests,
and dilatometer tests undertaken across the proposed subdivision area. These investigations will
provide the necessary data to undertake a quantitative liquefaction assessment in accordance with

current geotechnical practice and relevant New Zealand design standards.
7.3 Problematic Soils & Other Unsuitable Materials

Based on the review of available geological information, site observations, and nearby subsurface
investigation records, a number of potentially problematic soils and unsuitable materials may be

encountered across the site.

Within the alluvial lowland areas, soils associated with the Tauranga Group deposits are anticipated
to comprise variable silts, clays and sands, with occasional organic materials and peat. These
materials can exhibit low shear strength, high compressibility, and variable groundwater conditions,
high acid sulphate content and may therefore be unsuitable for direct support of engineered fill or

building foundations without treatment or removal.
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Across the sloping areas underlain by Northland Allochthon materials, the Hukerenui Mudstone is
known to be highly sheared and clay-rich, which can result in reduced shear strength and poor stability

characteristics, particularly where exposed or disturbed by earthworks.

In addition, areas of colluvial soils, slope debris, and previously disturbed ground may be present on
the slopes, particularly below identified scarp features and within gully systems. Such materials may
be loose, heterogeneous, and moisture sensitive, and may therefore be unsuitable for founding or fill

support without specific treatment.

Accordingly, a comprehensive subsurface investigation should be undertaken across the site to
assess the nature, extent, thickness, and engineering properties of these materials. This investigation
should include an appropriate combination of machine boreholes, test pits, cone penetration testing,
and targeted laboratory testing to enable detailed assessment of problematic soils, groundwater
conditions, earthworks constraints, and suitable foundation and ground improvement options for the

proposed development.
7.4 Qualitative Site Instability Assessment

Based on the site walkover observations, review of available topographic and LIiDAR information, and
interpretation of geomorphological features identified across the site, several areas of potential slope
instability have been identified. These include locations where relict landslide scarps, hummocky
ground, and incised gully systems are present, particularly within the sloping areas underlain by
Northland Allochthon materials.

Evidence of creep-related ground deformation, including leaning trees and minor scarp features, was
observed in some areas, indicating that portions of the site are subject to ongoing or historic slow
ground movement. In addition, localised shallow failures were observed along steeply incised gully

banks within the lowland areas where drainage channels have eroded into the surrounding soils.

Given the scale of the proposed subdivision and the presence of these geomorphological features, a
site-specific slope stability assessment will be required as part of future geotechnical investigations
and detailed design. This assessment should include targeted subsurface investigations and slope
stability modelling to better define the stability of the slopes and the suitability of proposed building

platform locations.
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This assessment will provide a better understanding of whether additional slope stabilisation or
retaining measures are required to ensure the formation of safe and stable building platforms. Where

required, mitigation measures may comprise one or a combination of the following:

e Bulk undercut and replacement with competent engineered fill material.
e Shear keys.
e In-ground retaining walls.

e Subsoil drainage to reduce groundwater pressures.

8. DEVELOPMENT FEASIBILITY

Based on the appraisal completed to date, the proposed subdivision is considered feasible from a
geotechnical perspective, provided the geotechnical constraints identified in this report are

appropriately addressed during future stages of investigation, design, and construction.

The main constraints requiring further assessment include slope instability, variable alluvial ground
conditions, shallow groundwater/seepage, potential acid sulphate soils, uncontrolled or disturbed fill,

expansive soils, and potential liquefaction-related effects.

Appropriate mitigation measures are expected to be available for these constraints and may include
targeted earthworks treatment, removal or replacement of unsuitable soils, engineered fill
construction, groundwater and surface water drainage control, acid sulphate soil management, slope
stabilisation, retaining, erosion protection, specific foundation design, setbacks, and localised layout

refinement where required.

In our professional opinion, and based on our experience with large-scale land development projects
involving similar geotechnical constraints, appropriate mitigation measures should be able to be
implemented to provide safe and stable building platforms within the currently proposed development

layout, subject to confirmation by future site-specific geotechnical investigation and detailed design.
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9. LIMITATIONS

This report was prepared in the context defined in Section 1 above and must not be relied upon by
any other party other than our Client, for whom it was prepared, and the relevant Territorial Authority.
It has been compiled with respect to the brief given to us, and must not be relied upon in any other
context, recreated for any other purpose, or used by any person who is not our Client without first

obtaining our written permission.

This report has been prepared exclusively for the development outlined in the accompanying
drawings. The conclusions are based on publicly available information and interpretations of third-
party investigational data. Should any modifications be made to the development proposal, we must
be afforded the opportunity to review the updated plans to confirm the continued validity of this report's

conclusions and recommendations.
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NZGD ID: 87976

NZGD |

Produced With GEROC Core-GS

Groundwater was encountered at 1.9m bgl during drilling

DRILLED: 26/05/2016  FILE: 46201 HAND AUGER NO.:
= HA2
T CONSULTANTS SHEET 1 OF 1
PROJECT: Proposed Subdivision CLIENT: Chris Shields LOGGED | PROCESSED | CHECKED
ADDRESS: 63 Turley Road, Dairy Flat DM DM CMcP
BH LOCATION: COORDS: 1744672mE, 5943204mN RL GROUND: 108m SHEAR VANE ID#: 266
. SHEAR >
Strength/density, colour, n |8 x =
DE::-)I—H structure, minor, MAJOR, & % L STTEL\;?TH d E SCALA BLOWS
SOIL DESCRIPTION plasticity, moisture content, [0) 8 < OResicuol @Pek 8 %] (PER 50 mm)
| esidua eal zZ
oL other comments Y16 = s s 8 8 @ . . o
TOPSOIL L TE
I Very stiff, brownish orange, SILT, trace sand, slightly moist, = 5
l slightly friable " A
(OTAMATEA CLAYSTONE) Yo c °
5 7 4.0
moist, low plasticity e "
I ] streaks of pale creamy brown L
o -
— . SR Y
| streaks and pockets of red fine to medium gravel and sand, £
moist to very moist = 5
L friable, occasional streaks of white, white streaks contain -
minor pumice, occasional trace fine gravels . E ] ] 59
I Very stiff, pale whitish grey, SILT, minor clay, minor to trace L= =
B pumice, wet, low plasticity w e
9 (OTAMATEA CLAYSTONE) o <
— streaks of fine sand and gravel, some clay, moderately plastic Y IN S e 45
i Slightiy friable T '
}r -'|
| stiff, pale creamy orange brown .
Ed
i 3 e e 4.0
o b
— P e 26
| very stiff e
}r -'|
i - - ¢l 37
streaked pale creamy grey "
I Very stiff, darkish bluish grey, SILT, minor clay, trace pumice, u, v
| 4 moist, low to moderate plasticity = 5
(OTAMATEA CLAYSTONE) [, Pgak Exceeded -
i no pumice, trace sand :_’
| L Peak Exceeded -
o b
L ] -.-} -
I End of Hand Auger (Target depth achieved) Unable To - t.’;f
| Pehetrate ‘\
*iia
b {
EOH@5.40 m
NOTES:

ENGINEERING DESIGN CONSULTANTS LTD

CIVIL, STRUCTURAL,
ENVIRONMENTAL, GEOTECHNICAL AND
FIRE ENGINEERS

1st FLOOR, UNIT 1, 100 BUSH ROAD,
ALBANY, AUCKLAND
PO BOX 118 ALBANY, AUCKLAND 0755

www.edc.co.nz
team@edc.co.nz

PH (09) 451 9044
FAX (09) 415 1280

1st FLOOR, UNIT 1, 100 BUSH ROAD,
ALBANY, AUCKLAND

PH (09) 451 9044

: 87976

Printed: 15/12/2016 10:25:50 a.m.




NZGD ID: 87978

DRILLED: 26/05/2016  FILE: 46201 HAND AUGER NO.:
= Haa
N CONSULTANTS SHEET 1 OF 1
PROJECT: Proposed Subdivision CLIENT: Chris Shields LOGGED | PROCESSED | CHECKED
ADDRESS: 63 Turley Road, Dairy Flat DM DM CMcP
BH LOCATION: COORDS: 1745063mE, 5943103mN RL GROUND: 75m SHEAR VANE ID#: 266
. SHEAR >
Strength/density, colour, o By =
D?:)I—H structure, minor, MAJOR, E % E STTE:;?TH = E SCALA BLOWS
SOIL DESCRIPTION plasticity, moisture content, [0) 8 < OResicuol @Pek 8 %] (PER 50 mm)
| esidua eal zZ
oL other comments Y16 = s s 8 8 @ . . o
Firm to stiff, dark brown, trace white streaks, SILT, minor v
l pumice, minor sand, minor clay, wet, low plasticity P
(ALLUVIUM) T
I wet, highly plastic il Ry
L Very stiff, pale creamy brown, mottied orange, SILT, some L Peak Exceeded | -
sand, dry, friable T
- (ALLUVIUM) "'} e
1 moist, dark purple grey brown, mottled orange, streaked L o8t
— white, low plasticity, no sand, minor clay DR SR 4 23
| Very stiff, dark purple grey brown, mottled orange, clayey b
SILT, wet, moderately plastic E—
L (ALLUVIUM) .
pale creamy grey, streaked orange, minor to trace pumice bt
I R .. 22
| saturated Ll
W
|2 == .
i 1.5
| streaks of black A
pale grey E—
L e &y
W 3
i firm to stiff on auger (very stiff in situ) L e 2.2
L very stiff, trace rootlet (1-2mm diameter) v e
W
3 - .
— e e 2.1
| Very stiff, dark brownish grey, streaked black, streaked white, .",____
clayey SILT/silty CLAY, saturated, highly to moderately plastic =~ == "
L (ALLUVIUM)
Very stiff, dark bluish greenish grey, sandy SILT, very moist,
L slightly friable (difficult to auger) Paak Exceeded | - -
(ALLUVIUM)
| 4
Stiff, bluish grey, SILT, some clay, trace to minor sand, wet, .
L moderately plastic L8 4 e
(ALLUVIUM) . 3.0
- decaying wood (2 - 5mm diameter) L
=t 9 @ 2.8
i = L] -'|
I 5 End of Hand Auger (hole collapsing) F
h..
b
N s
i
K 4
$
i B
e
L L
» o, J
1YY
?.J EOH@6.55m
3|NOTES:
8 Groundwater was encountered at 1.9m bgl during drilling
i
p CIVIL, STRUCTURAL
< ’ )
£ ENGINEERING DESIGN CONSULTANTS LTD  cwiomea: ceorecrica o
el
Q
o
3 www.edc.co.nz IstPLOOR, UNIT 1, 100 BUSH ROAD, PH (09) 4519044 | 1st FLOOR, UNIT 1, 100 BUSH ROAD,
E team@edc.co.nz /;'(‘)BQ(’;‘;'{?L;%';:NB’ AUCKLAND 0755 FAX (09) 415 1280 | ALBANY, AUCKLAND PH (09) 451 9044

NZGD I . 87978 Printed: 15/12/2016 10:29:51 a.m.



NZGD ID: 120541
Engineering Geology Ltd BOREHOLENo. 1
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
= =
0 o = CORRECTED VANE
o a & SHEAR STRENGTH
o oE 3 glE | (kPa)
5' = DESCRIPTION OF SOIL @ £ = - I
W o< S = lu| S |2 ereevene@siem
= » £ || W || oRemoudedFiedvane
5 g = |k B|E |5
g 5 3| B [E|S |E]| s0 100 150
| TOPSOIL; sand, silty, moist, loose, dark brown :—ia_ 0 "]
e =} |
i SILT, tr. clay, moist, sl. friable, v. stiff, dark grey T S = vl
brown ¥ > o
clayey, sl. plastic, light grey, orange brown 11 - N
[ specks (Sl E o {22
v. moist, orange brown streaks 2N S N
CLAY; silty, v. moist, plastic, v. stiff, light grey, 1A =2 /N
orange brown j 2 v L
- |52 | S T
_ -1
E tr. organics 1 104
-2 Tt ;
=2 i
< i
i SILT; clayey, sl. organics, wet, plastic, stiff, light 1~ | | = 1s
[ grey, orange brown | 7l -
CLAY; silty, tr. organics, wet, v. plastic, stiff, -/ H
light grey '/i/;'_ @62
sl. silt %—_ 5
[ no silt, v. wet, groundwater encountered at = -
[ 2.1m é T
SILT; sandy, tr. organics, saturated, v. plastic, S
hard, white grey 207
i SAND; (v.f.), silty, saturated, dense, grey white UTP
E.O.B. @ 2.7m (foo hard fo auger) i Mutp
L L 3
L. L. &
_ |5 -
_ L —
NOTES LOGGEDBY: DM
_ DATE DRILLED: 18-Nov-03
NZQD ID: 120541 DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541
Engineering Geology Ltd BOREHOLENo. 2
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
= S
oo = CORRECTED VANE
oo & |, | SHEARSTRENGTH
o o o &l E | (kPa)
2 & DESCRIPTION OF SOIL @ g lel8 o
1y < E E |y 2 n_c' @ Field vane (BS 1377)
=) = w |:|—: i w 1] © Remoulded Field vane
3 E BERHERE
z b b4 a ISz |2 50 100 150
TOPSOIL,; silt, woodchips, moist, sl. friable, i
dark brown i A
v. stiff e A in
SILT; clayey, moist, sl. plastic, v. stiff, brown SKiE )
I grey, orange brown specks 4P
. L/ A o169
Al L T
. oA T
o S 0 — / /'_ 1 - E
v. moist, plastic, grey, orange brown C el 1 |
1AL S .
E VAL 03
3 | | A = I T
b tr. organics |- g ol
) LA £
i CLAY; silty, wet, plastic, stiff, brown grey, orange ' N e,
1 brown
i tr. silt o / [,
tr. organics, v. wet, v. plastic, v. stiff, LA o2
groundwater encountered 2.1m / - r
i g3 |
[ SILT, clayey, sl.sand (f), saturated, v.plastic, stiff | | ]  lel [
sandy (v.f.), no clay, yellow brown A
hard i 1 s
E.O.B. @ 2.7m (foo hard fo auger) i UTP
= L 3
L 4
5 5 ]
NOTES LOGGEDBY: DM
_ DATE DRILLED: 18-Nov-03
NZQD ID: 120541 DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541

Engineering Geology Ltd

BOREHOLE No.

SITE:

17 Kahikitea Flat Road, DAIRY FLAT

REF: 5238 Sheet 1 of 1

3

REDUCED LEVEL
STRATA INTERPRET.

DESCRIPTION OF SOIL

SOIL SYMBOL

DEPTH (m)

SAMPLE TYPE

CORRECTED VANE
SHEAR STRENGTH
(kPa)

@ Field vane (BS 1377)
© Remoulded Field vane

50 100 150

WATER CONTENT (%)
WATER LEVEL

]
Alluvium

TOPSOIL; silt, tr. sand, moist, sl. friable, dark
brown

&
T &

3
s
1
Ay

SILT,; sl.topsoll, tr.organics, moist, sl.friable, v.stiff,
sl. clay, sl. plastic, grey brown, orange brown
clayey -
v. moist, stiff

CLAY; silty, v. moist, plastic, grey brown, orange
brown
v. stiff

SILT,; clayey, wet, plastic, v.stiff, grey brown

tr. sand, v. moist, sl. friable
sandy

wet
dark grey, orange brown

TEN AR RN
v\\\‘\‘\\\\‘\\\ >
T 17 1

SAND; (v.f) silty, wet, dense, yellow brown

saturated, mod. dense, groundwater
encountered at 2.1m

gravelly (med)

CLAY; silty, mod. organics, v. wet, v. plastic,
v. stiff, dark grey
stiff

tr. organics, grey

E.O.B.@3.0m

J
+
et
4

L
L
B

1.9m 18/11/2003

=207

mllll“
|
|
|

NZG

NOTES
D ID:

120541

LOGGED BY: DM
DATE DRILLED: 18-Nov-03
DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541
Engineering Geology Ltd BOREHOLENo. 4
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF:; 5238 Sheet 1 of 1
— 3
TR il CORRECTED VANE
ug & SHEAR STRENGTH
o w = gl e (@ kP
dJ = O el z (5 (kPa)
oz DESCRIPTION OF SOIL @ = 218 |@
[T 2 E |ul © [2]| eFedvene@siar)
o g = T [0 ¢ [x .
2 ~ o w w © Remoulded Field vane
a - o |S| & |%
5 | & |5]5 [g] s0 100 150
[ Topsoil, silt, wood fragments, moist, sl. friable, F |
dark brown |
SILT; mod. topsaoil, tr, gravel (f.-c.), moist, L
slightly friable stiff, dark brown, yellow brown F
- dark brown, orange brown and grey nodules B .
| B =
i gravelly (f.-c.), v. stiff, dark/orange brown, grey i )
I tr. clay, dark brown, grey r C
i sl. clay, v. moist [ e |10l ]
clayey, sl. plastic, dark/yellow brown, grey C
tr. clay ;
[ sl. clay, tr. gravel (f.) B i r e
tr. clay, dark brown, grey, orange brown 4 5 _ '
SILT; clayey, v. moist, sl. plastic, v. sfiff, grey T A o | el
brown, grey, orange brown oA §
AL -
- A - £3 ®156-
£ sl. clay, wet, plastic i -
B s ,/ — E
(o]
- -__.:_ // C\i ——— —
< | A o108
clayey, green grey, orange brown |
. L| M-
Y
CLAY; silty, wel, plasfic, v. sfilf, green grey A A 3 T _ e
i EOB. @ 3.0m B B
B L 4 ]
B 5
NOTES LOGGEDBY: DM
_ DATE DRILLED: 18-Nov-03
NZQ@D ID: 120541 DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541

Engineering Geology Ltd

BOREHOLE No.

5

SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
~ 8
ln & g CORRECTED VANE
U g & SHEAR STRENGTH
L w = ol = I kP
o T (@] el z |5 (kPa)
- DESCRIPTION OF SOIL @ £ 2|8 |m@
W< B S Jul| © |2 | eFiedvane@siarm
2 = o Lt w © Remoulded Field vane
A = a S| g |&
5 218 (S5 |2 50 100 150
i TOPSOIL; silt, moist, sl. plastic, dark brown i
_ 2
_, |SILT: tr. gravel (med), v. moist, sl. plastic, v. stiff, r ‘s
E tr. clay, dark brown, sl. friable I
sl. plastic, stiff N = |
SILT; clayey, v. moist, sl. plastic, v. stiff, grey 1
. brown, orange brown B &5
light grey, orange brown 1] 1
. | -1
i sl. clay / s w01
| e L _
= L[ 4 e |33
i clayey |
i hard white clay nodules 11 o
- | R= ®
0, r
i é CLAY, silty, wet, plasfic, v. stiff, light grey, % N By
< |orange brown 2! ol
i SILT; clayey, tr. organics, wet, plastic, v. stiff, AEl
hard white clay nodules, orange brown, light grey | | - »
Sl 154
| Al
- | A
< | - @156
= L | AL P
A
- Al -
i - 3 4 o134
yn
i CLAY; silty, wet, plastic, v. stiff, hard white clay ,/’/,_ ol
i nodules, grey, orange brown = -
SILT, clayey, wet, v. plastic, v. stiff, hard white - Al
clay nodules, grey [ s
B L | H- °
b |+ > S— —
e | 11— (@] o+
tr. gravel (f.) | of = U
B o4 4 -
~ / /' &340
E.OB @4.2m N e
n 5 | !
1 |

NZG

NOTES Hole collapse below 2m

D ID:

120541

LOGGED BY: DM

DATE DRILLED: 18-Nov-03
DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541
Engineering Geology Ltd BOREHOLENo. 6
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
e S
L = CORRECTED VANE
TN 5 SHEAR STRENGTH
@ & 3 gl e | (kPa)
e DESCRIPTION OF SOIL & = 18 |a
o = e E O |2 | eField vane (85 1377)
o g > 1 |4 ¢ |x
3k - = a Ll L 0 Remoulded Fietd vane
Al = I = A
g 5 g1 B8 IS |5 50 100 150
SILT; topsoil, gravelly (f.-c.), v. moist, dark brown il | ~
) dark brown, orange brown nodules
firm to stiff 3 N =y I
[ stiff | I (% .i.gs
L — =
[ 2 tr. clay, gravelly (v.c.) - -
e tr. sand (med.) [ “lutp
sl. gravel (f.-med.), v. stiff | B
i sl. clay, sl. plastic, dark brown, yellow brown il
] clayey, yellow brown, dark brown 3 r g
i gravelly (v.c.), wet, plastic, green grey, grey, - o
dark brown B ~|UTP
s L 2 ]
gravelly (f.-c.) 8 o 1081
v. wet, seepage at 2.2m L § i
o
Old TOPSOIL, silt, tr. gravel, v. moist, plastic, vl = | Lo |
) v. stiff, dark brown L © |
S SILT; clayey, v. moist, plastic, v. stiff, grey, dEl £
~ '3 [orange brown - - AL S.,' lo-156
Z wet L |
v. wet, groundwater encountered at 3.0m s 3 il S
EOB. @3.0m B T ) i
| 4
L 5 —
NOTES LOGGEDBY: DM
) DATE DRILLED: 18-Nov-03
NZQD ID: 120541 DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541

Engineering Geology Ltd

SITE: 17 Kahikitea Flat Road, DAIRY FLAT

REF: 5238

BOREHOLE No.

Sheet 1 of 1

7

DESCRIPTION OF SOIL

REDUCED LEVEL
STRATA INTERPRET.

SOIL SYMBOL
DEPTH (m)

SAMPLE TYPE

(kPa)

WATER CONTENT (%)
WATER LEVEL

CORRECTED VANE
SHEAR STRENGTH

@ Field vane (BS 1377)
0 Remoulded Field vane

50 100 150

TOPSOIL,; silt, wet, sl. plastic, dark brown

[4.3
JELY
Ay
e

SILT; wet, plastic, grey, orange brown
v.stif _7 -
tr. sand (v.f.), v. moist

tr. organics, sl. plastic

no sand

clayey

Alluvium

CLAY; silty, tr. sand (c.), wet, plastic, v. stiff,
grey

v. plastic, stiff

v. stiff
tr. organics

SILT, clayey, fr.sand (c.), wet, v.plastic, stiff, grey

T LY
|
|

CLAY; silty, tr. sand (c.) v. wet, v. plastic, stiff,
grey brown, grey, groundwater at 2.6m
saturated

U

SILT; clayey, saturated, v. plastic, v. stiff, grey
tr. sand

stiff

sl. ciay, v. stiff

clayey, hard, white clay nodules

T
w
|

oy
|

NS S SIS AT SN

S BN
|

NONTACR
TR N

N

=
-

CLAY; wet, hard, grey

X

E.O.B. @ 4.Tm (too hard fo auger)

@160

e £ |@-158-]

SRR
L

2.3m 18/11/2003

||

a 113
L

207

207

UTP

NZG

NOTES
D ID: 120541

LOGGED BY: DM
DATE DRILLED: 18-Nov-03

DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541

Engineering Geology Ltd BOREHOLENo. 8
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
i <
n g CORRECTED VANE
g g & SHEAR STRENGTH
U w = Wl e (@ kP
o T o] Ll z |5 (kPa)
- DESCRIPTION OF SOIL st T || 3 |m
T = E |yl © [2]| erieldvane@s 1377
S = o w w 0 Remoulded Field vane
o @ = a =S|k |g
& 5 218 |S15 |2 50 100 150
TOPSOIL; silt, v. moist, sl. plastic, dark grey CT
I brown Lot ]
L SILT; tr. sand, moist, sl. friable, v. stiff, light grey, I ——
orange brown [
v. moist, grey, orange brown streaks i e
[ £ L
2
- s s 188 o
=2 414
[ < tr. clay, no sand ya
| sl. clay, grey _ 4 9l s e
| tr. clay, sl. plastic, occ. black streaks + = -
T no clay, wet, plastic j F S o
clayey L 4 N
CLAY; silty, wet, plastic, v. stiff, grey = CE,_
i SILT; clayey, v. wet, v. plastic, v. stiff, grey cl Al | o
i groundwater encountered at 2.0m Ak ks v o
EOB @Z.1m “luTP
L L 3 ]
» L 4
- — 5 L
NOTES LOGGEDBY: DM
DATE DRILLED: 25-Nov-03
NZGD ID: 120541 DRILL METHOD: 50 mm Hand Auger




NZGD ID: 120541

NZG

Engineering Geology Ltd BOREHOLE No. 9
SITE: 17 Kahikitea Flat Road, DAIRY FLAT REF: 5238 Sheet 1 of 1
E £
- e CORRECTED VANE
U g & SHEAR STRENGTH
rr T =l Wl e | kP
o [ v (o] o 4 > (kPa)
5 2 DESCRIPTION OF SOIL @ T &8 |&
i = E |o| © |2| eriedvane@s13rn)
(:')) = ® |3—: d % Iil.:J 0 Remoulded Field vane
a2 2 |a |S|E |§
g E 218 (] | 50 100 150
i TOPSOIL,; silt, v. moist, sl. plastic, dark brown =15 .
sl. friable C 4
stiff, dark brown, brown ~ i .-
T SILT; sl. topsoil, v. maist, sl. friable, stiff, brown, |- | 4 |
dark brown streaks I
= ‘orange brown nodules | °
=
é wet, plastic, firm to stiff, orange brown, brown i} -
-3 50
- Lot
i v. stiff B - olii
[ 10% soil recovery L
[ tr. sand, v. moist, hard, grey, orange brown B —
] sl. sand o - 1
sandy, v. stiff, grey B Be.
L -
@16
i EOB @2Z2.1m -
L L B
L. L 4 -
I 6
NOTES LOGGEDBY: DM
DATE DRILLED: 25-Nov-03
D ID: 120541 DRILL METHOD: 50 mm Hand Auger
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N4GD ID: 68908 - » B
B

ity — J -
- ‘: \
: x
ASING RL =69-OBm

'~ 0
] l | g \g;
~
9) ~
J;A - 1 //\Q\ VAN S.Y’@ £a-
TR -~ /50 SED M4
fimber post
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. | § \ an 86 -11.0m limestone
\\ .
r\ \ Benfonile )oe//efs
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0 N %
N
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NZ[GD ID; 68910
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0.3 -50m clay, brown
Sand 50 -75m limestone

Benionife pe llers

32 mmféuPVc riser

. ‘~.___’ -
Cenfralizer

Screen

% It Emm = [ mm grovel

j confracfors derr\'jn

/MM S(O"Ls

PlEZOMETRI\C  STADPIPE WIO

DATE TRWLED: 12-12- 95
DRWED RYY: PRoBRILL LT
DRILLING METHotN: AUGESTZ

LocAT IO 7245SRG | M N

287S78) M E

R,




NZ{GD iD: 68911 '

NZ

Casm j

HS!% RiL= D%

T

T

[

s R
. 1
. A
" ,
0 0
\ )
oY N
-
O
-¥- fo.¢ 8
® /"
1
7
O
(o]
0
™

L
GD ID: 68911

A A A A, R

?oo :

)

gy r 272k

%

lir— -
Centralizer

-‘ LS

T G s T

L

SR R R

Concrefe

\— Sand

Benfonile re lels

Screen

PlEZOMETR\C

)

’

[mm slofs

'

(o]

Q

w o

RN I
L

/50 S£p H4
fimber ff:osi‘

- W1l Drillers log:
0.0 -0.7m topsoil
0.7 -93m limestone
"93 -94m  scoria
‘94 -117m limestone
- 1L7-13.5m mudstone

T 32 mm@ufvc riser

Emm =~ [ mm jrovel

confracfors de.rr:jn

StAaPIPE W

DATE TRWLED: 121295 avs 1312.95

DROWLED ®YY:
DRILLING METHOIN: O-3 m oPgm

PRodDRiLL wti>

BARREL, 3-6:5 M AXUGER, 65- 135 A

A
Q
o

8.

LOCATION

7245821

M N

287380

ME’,




NZ

NZGD 1D:.68912

L T T e Dl

Castn :
. “J ! "
ASING RL=74-22Zm o
_ ‘ o
l I Wwl o
NN
~N
# Ses BNGE
o] = /50 SED H4
fimber /:osf
i —J—- W2 Drillers log
00 -1.5m topsoil
Concrefe L5 -87m  limestone
N .. ;87 -88m  scoria
. \ g .Scmd - 8.8 -10.5m mudstone
§ % Benionile /ye//el"s
0 NN
0 0 N N
v of | N A
9_ V N T\ 32 mm#w"VC riser
+ § Q |
o NN
- o B
D‘ 1 Smm - | mm greve/
3 R |
. =~ < )‘_‘——— Cenfralizer | confracfors a’e:.:yn
1 ". .
I R
_ ; - Screen [mm slots
3 [~
o ™ / = PiezomMeTrRIC  STADPRIPE WIZ
M llo.2§ =
T |halee =) DATE DRrRwWLED:_1312-95
| §_{ PRWLED BY: PRedRILC LT
‘ Y | 5"1 DRILLING, METHoMN: O-5 74 AUNGE Iz,
{ l S-7-10'S» Arg
‘ l—- .
. dood LocATION: 724S82-0 MN
| ' 2876930
GD ID: 68912 E i ME‘
b - . e B Pt :




NZGD ID: 68913 - | o5

. Cc?sri'ij

|

|
— 7Tl

-ASIRG BL=77-00

/500

’72\«-—’—‘—‘

- /50 S£p H4
Ffimber /ao;—f

S
/}/\
X
/.
/7,
1
Q2400

3
@

g
g
O
™ :
i Lﬁ ._JL. " W13 Drillers log
' 00 -0.7m topsoil
; Caoncrefe 0.7 -20m limestone / clay, brown
| 20 -55m limestone
- T 5.5 -60m sandy silt, grey
I Sand 60 -85m clay, brown

85 -90m sandy silt, grey

2k

Benionife pe ferls

T 32 mm@ uflc riser

X0
Flalelm
A A A

R A LSS

\
B
g ‘ -5' ".w-.-——-——-—- émm - /mm 3(’0"&/
. _t:.‘t < ) _ Cenfralizec , contracfors de.rrjn
Jk 3 -"_E'T
.:_f'_-‘ VSC?EEH /mm slofs
o =}
9 = L
. S =
e 7| S Pezoverec crasmers WIB
%’_" DATE DRwLED: (812-95
S(1| DRWLED BY:_PRoDRLC T
! | = DRiLLING METHois: AR
|
.

(oo ¢ LocaTionNd: 224444 | M N

i 28717177. 0 ‘
NZCFDID: 68913 . L TR M =8

SCTECRITT IR N JE




B =D

DRILL HOLE No: W21
Hote Location:

TONKIN & TAYLOR LTD.
DRILL HOLE LOG

SHEET__ 1 of 3 _

NZGD ID: 71047

PROJECT: REDVALE LANDFILL LOCATION: DAIRY FLAT JOB No: 131
CO-ORDINATES  mN ORILL TYPE: HOLE STARTED:  00/08/95
mE DATUM: HOLE FINISHED:  00/08/95
DIRECTION: meeen RL.GROUND: m DRILLED 8Y:
ANGLE FROM HORIZ.: -90.00 * AL COLLAR: = LOGGEDBY: BDH  CHECKED:
DESCRIPTION OF CORE ROCK DEFECTS
WEATHERING, HARDRESS, STRENGTH, COLOUR, ‘ : ENT JOINTS, BEOOING, WATER PRESSURE
ROCK OR SOR. TYPE, DEFECT SPACING, g . 18, VEWS, SHATTER, SHEAR =1 18 Yests x
LITHOLOGICAL FEATURES tbedding, coment, g 3 g! ° 2H 20MES, FOUATION, & £ E ;E tomaser  |B
follation, mineralegy, Yextwre, Stc..; g 3 gg g STOSITY, ATHTUDE, WIDTH, B § ) gg '.....'m g M
STRATIGRAPHIC NAME g it ~ e E ACING, SMOOTHNESS 3 -1 010" mis}
LERE] . HR.e 2 !g 182a. neE 5 -2k §
] Wash drilled to 3.0m depth. g LI '-, L ‘_
d S
} I
9
4 e
’ y ] 9 .!. v : :‘
¥ .
brownish grey, slightly sandy, clayey 1o b L e
SILTSTONE, vety soft, very weak, b : : Ni“"' e g
E 1 B AN TR
. ":: ‘—{---.-i-. I'*...
40°-50° Txx j —
M) 3 % 5 ch.sol __L_.‘_'r_ g
) ® T "
- g enbe
. | greenish grey SILTSTONE - 2 [ £ § I
indent with mail. qu=1MPa ) || |
C- — o AL LICIN MM ‘ L
s...r_.., . ...ﬁ -
S — (P(-.S‘n-\ v\&v;\naouea/ R
lanar, smooth § I A N
...................... Js . : i
grades greenish grey siity Y \\»{F’T :
MUDSTONE, sheared, i
stickensided/polished surfaces MudiVeq e p— :
C £ " Q ] ,:
Lﬂo S R i
------------------------- B -~ It
o g -
E Jan
b ; ; 150° b Rl Bt EEE ' —
greenish grey silly mudstone to muddy dx % - ] —'J“' "
SILTSTONE. 1% | {7t
P e ‘
g 'lfmmpvo' i
-.l [ ] j.. E:
n-ps i T 1% .
grades to slity MUDSTONE £= {r60° 360 - 5
hard to break core by hand :t_"‘ ] d
’. — K H
¥- - 1
iy .
e 35 | ¥ liabeic dip e0° - S
i 8 [}
L oy R : UK '
= zzsl
& [ TR : !
s
1= ' :
R o
e RIS TITOS

NZGD ID: 71047
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NZGD ID: 71047

DRILL HOLE No: W21
DRILL H L . Hole Locatlen:
. SHEET__2  of _3
PROJECT: REDVALE LANDFILL LOCATION: DAIRY FLAT JOB No: 13770
CO-ORDINATES mN - DRILL TYPE: HOLE STARTED:  00/08/9S
mE DATUM: HOLE FINISHED:  0008/95
DIRECTION; e AL.GROUND: m DRILLED BY:
ANGLE FROM HORIZ.; -90.00 * R.L. COLLAR: m LOGGED 8Y: BDH CHECKED:
DESCRIPTION OF CORE ‘ ROCK DEFECTS
WEATHERING, HARDNESS, STRENGTH, COLOUR, JOINTS, BEDOING, WATER PRESSURE
®OCX OR SORL TYPE, GEFECT SPACING, g; gz 8¢ §§i VEINS, SHATTER, SHEAR E 2l 1B TEsTs N
UTHOLOGICAL FEATURES tadding, cement, <% o v e TONES, FOUATION, SlE|E1=t oo [8 F
tofistion, mineratogy, texture, etc..: g g ‘ g ‘ gg § E 241 OSITY, ATTITUDE, WIDTH, E § 5 kg e v
STRATIGRAPHIC NAME § | tE 218 E | & i SPACING, SMOOTHMESS 3 g..‘ wotem |8 2
1118 24 E 82 wse| 5. 288
grey SILTSTONE, soft, weak, ‘ e ITE i - .1
mudstone interbeds. e j i gﬁ: L--, :
e ~% It shear zone, plastic gouge, : O i--
ng I L T 1% ickensided. a— ;
gg | NI o o
o I x 760° s TR O S N
.An 4% x [ “i l..e_{-_._n.
5 1% X J60° smooth, planar I
. ] fabric dip 40° MR N
hd . o
1 ; (SR esliE
1 = & = - ! -
-P-——’_:
grey mudsiene pervasively ) iy
sheared/polished. i ke
i A
=
20— f'- — ]
grades sandy SILTSTONE. {x x
] 1
24 ]
very soft, very weak ]
"grey SILTSTONE, soft, weak : 60°
indent with thumbnail with difficulty. I
n-: ‘ | {740° trregular ot
B ol o {70
(| 3 o ol
rehealed fractures througout. i I n-d¥
°'= 4 J60° irregular i
2 L ¥ g — -
BRS¢ —
& F e 710° -]
] 720 5
25
Al q
! i ¢ 8
grey fine sandy SILTSTONE, massive | Y £l
appearance. = 3% 58
h 1 o
2 7 -
grades to : 1 o
grey silty MUDSTONB : 4
from muddy sandy SILTSTONE 9]
massive but 2 T
. ‘ d"_:':_“}
£-3
Internatly brecclated (rehealed) (abric i ke =
wf=—]
thumbnail hard. =
2 XL T37% TR
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TONKIN & TAYLOR LTD.
DRILL HOLE LOG

DRILL HOLE No:
Hole Location: S

SHEET_ 3__of 3

NZGD ID: 71047

PROJECT: REDVALE LANDFILL LOCATION: _DAIRY FLAT JOBNo: 13770
CO-ORDINATES mg DRUL TYPE: HOLE STARTED:  00/08/95
mi DATUM: HOLE FINISHED:  00/M8/9s
DIRECTION: —— R.L.GROUND: @ DRILLEOD BY:
ANGLE FROM HORIZ.: -90.00 * R.L. COLLAR: m LOGGED BY: BDH CHECKED:
DESCRIPTION OF CORE ROCK DEFECTS '
WEATHERING, HARDNESS, STRENGTH, COLOUR, : IPROMINENT JOINTS, BEODING, WATER P&
5 ssune
ADCK OR SOML TYPE, DEFECT 8PACING, Qg 7 g g g §§§ SEAMS. VERS, SHATTER, SHEAR E. Tests
LITHOLOGICAL FEATURES [bedding, cement, g g § - s SH ZONES, FOLIATION, EIEISE]  cgeomer |8 £
toliation, snineralogy, texture, etc..8; g 3E ES g § E [sorasvosiTy, ATniruoe, wot, | G181 3 . Bl rermesuy ¥
STRATIGRAPHIC NAME g g=8=]8 f_j ; i [SPACING, SMOOTHNESS 3 g.. P g¥
Ay
(113N [ ITY g '3 o wae] 55 . e 8 3
grey sitty MUDSTONE : =3 i ; —
B | il
: ;{égﬁ :::—:: "-E'“ no° ] —‘ ad -. v
B [nd=q  ji | {60 stickensided L1
) 3 PE b T
:‘;—_. g .'r..:.-. - -
. o e e e
massive = J phapla
break core by hand with difficulty - J:_T_‘ I
- IR=
T h : - I
= e
j o ot
. e
4 4
I —
ke e
J
rehealed fabric 8 RUEE A
L (S— Lo e -
grey solt, weak, sandy (fine) Ll s i
SILTSTONE/MUDSTONE. j
. 1740°(7) 360° slickensided, -4
- r i
i 1 36— ﬁ‘ L 11 |
f | (T
-t
B pror
o .
y ] 8 T
|| s
clay content Increasing T
i E & || {560, sheared
+—4 2El 1 1960°, sheared
11 § —
sheared throughout, rehealed, soft, 2
weak. —I
{ grey silty MUDSTONE, soft, weak. 40—: ) -
1 8 Herushed
sheared throughout, polished breakages, . 41— -
| 14
b bl
END OF DRILLHOLE AT 41.5m. E
J o
0-]
44 —
]
3T TIOR3
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NZGD ID: 81046 '
LANDFILL GAS MONITORING PROBE: P9 A 2% 2 S 2

S AP S A S — T — o S o — S— —.

Date Drilled: | FLBAJARY 2000 _Location: PHASE A BOUNDARY

Driling Method: ~ A1R D RIUILLIN G Northingg 728065 80 ™

Orited by: D)t ELL  Ex@ioeaTiOnd Eastng.  28B064 - 18 ™

AsBuitby SO COJRT ___ « GrowdRL 1 XWOmn .
65

GALV. CASISG
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SAMPLE PORT

e I——TOP OF RISER R.L..= 71-936m
[_ CASING R.L.=72.1|I5m

| !
675
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- &\ A8 n AT
o é
sy s
. 7 900
7
%
.
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- 700

23 PYC PROBE \
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25 PYC PROBE, 23el]
PERFORATED \&%{

25 PVC CAP 350 ]
\D.@i
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WAL TON \ 22 300
PARK 7/14 P _

125
NOTE
ALL DIMENSIONS IN MM EXCEPT WHERE INDICATED
NOT TO SCALE

NZGDE: 00AR\SER + CASING RL'S MEASURED WITH CAPS OFF®




NZGD ID: 81046

P9

. |Driltwell Exploration NZ LTD

Standard Document S0501.0

17 March 1999‘

Version:

. . xbhb'l
Drillwell Exploration NZLTD '”‘*‘“‘..[: togho 30439
9 Rawson Way, Takanini, Auckland Daily Log Sheet (General)
1client LN - N. 22 ‘ Project No.& cﬁ g3 6 Day ’Tue
X Cemp Year Dw #
2° client | Permit No.LQB 25 2 pate|d |1 110
day mth yr

Location REO VUV QLe. Lhno Qol_\

l Bore Hole No.qu ) I

street address or locality

BoreSizel {” I

or Grid ref | | ] | Rig No.| @2 | Tender No.|6é‘!9.§|00mﬁressor No.| |
Map easting noRhing
Purpose of Bore (B2 uND . TAO—— | Consultant — N— —I
Work Details / | o — 12 O “Teabel |Bore Log PqG &)
o She Ske Twoudhe. | M— R-9 e Sodl-
2 Skﬁ- FTNS&ME-- 1B ey Cmvi g
e ¢ we 3 i?.a\fuamma \A‘L’Q- 2-2 - X2, MMDS‘LOW
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Ser wme e~ _PAA. /
A, OeM T F-2
Plpce Zno Q5. 2V e
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Ry T6 LG O0A 7/ A
Pul) oo  ayakx o Hole | RBls: /6 /_{f’ /.
s naed %32 Z =
tAnloAas wotee,  TAMNKe \_\_ArP Bt == = -2
TARe TR wasy  RA Z.s o lgeeenw Tn
To  £in JeAve sthe <% S NS 2!
Mk, § 3N Al I
() s pierie 29
Al Back gea |V = " _
| Wore & .2 ] e
Materials Used’ eg Casing, Bits, PVC, Screens, Other items, etc
Cement| I v\ @axlc L& 71 ] [ |
Handicrete| | [4dx Qe,.\le}s 4. ! | | |
QuickMud| | 28— Py < .51 L ]
Bentonite] | |23 £no CAps | 20 | | |
Pac-R| | |25~ cewitdizew | A ‘| | | ]
Core Boxes)| | | | | 1 |
Signed Kilometers Drill Rig| | Time ' Work hrs Total hrs
Support tender| Rig Working| 5}‘1 | Start| /J ‘Oo.__l

Client representative R H an ‘3 e .

. Light tender

Drilt crew f: P ) 42
7

NZGDML

Utility service

6x6 Crane tender|
Equip. transporterl { (v} /1-

Other| |

Stand-by] |

| Comp'ressorl [

Finish|§* 30 |
Tota!| ]

DH Hammerl l Accom]MeaIs| z |

[76 4| contract Rate| | [ |
t/ Other - Specity

Travel| \ | |

Othet - Specty




NZGD ID: 81046 . '
Pneumatic Piezometer: WL S A

.'.’-'—-’-"-'-"_“-’-'-’-'-’_--’-'-l-’.'.’.’.’-’-’-’-’.

'SP AR SV SR A7 ST AP AV .

Driling Method: A2 Q2ILING | Northingg T12W4 G722 - 00O m
Drilled by: PRWLWELL ErPLoRATion Easting A@2063:bb ™
asBuitoy.  Simonl tOUeT |« GoweRL _ _ FLRAIN
CASING R, L.z T2~ 3\%2@___ = . ===
6Lo ==
GROUND R.L.Z 717220 =
4 3 4 1 e
GyoiT=a

(2" YeOm

"'A_ —— e -
= . B == GRAVEL PALK
. HLar WAL_TDM PARK 7/“-1-

CASING RL MEASURED WITH CAP OFF ,
ALL DIMENSIONS IN MM EXCEPT WHERE INDICATED
NOTTO SCALE '
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NZGD ID: 81046 ) .

. [Drillwell Exploration NZ LTD

Standard Document SD501.0

Version: 17 March 1999

Drillwell Exploration NZ LTD

Daily Log Sheet (General)

9 Rawson Way, Takanini, Auckland

1%lient\d . 0. N2

S Q8 ) ©
Regisicred Lj|==]| == | Log No.

30436

| Project No.Dchi e ESPA Day heo

2 client

Comp Year Div #

| Permit No. LQSQ%SL Date| 2 | A [9»

Location ZepuL e Alvo€lL

WLC oA day mth yr

‘ Bore Hole No. l\} gj Bore Sizel {7 I

street agdress or locality

or Grid ref | | (

Map easting northing

Purpose of Bore ¢ 2y nmcs 00—

| Rig No.|£2 2 ] Tender No.l‘.‘),-s lCompressor No.l l

| Consultant _ |
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Work Details poiz A '7;-;:;3 - 2. &
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Site Walkover Photos (23-02-2026)
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31 May 2026

K260094-2b

Tuakiri Property Limited
PO Box 331000
Takapuna

Auckland

GEOTECHNICAL ASSESSMENT LETTER
LANDSLIDE HAZARD RISK ASSESSMENT - PLAN CHANGE PC120 - KAHIKATEA FLAT
ROAD & HORSESHOE BUSH ROAD, PINE VALLEY

1. INTRODUCTION

At the request of Tuakiri Property Limited, KGA Geotechnical Group Limited (KGA) has undertaken
a preliminary landslide hazard assessment for the proposed residential subdivision of the existing
properties located along Kahikatea Flat Road and Horseshoe Bush Road, Pine Valley. This
assessment has been carried out in accordance with Appendix 24 of Chapter E36 of the Auckland
Unitary Plan — Plan Change 120 (PC120) and complies with the requirements of E36.6.A1 and E36.9

(i.e. be prepared by a suitably qualified geotechnical professional).

This assessment is preliminary and has been undertaken prior to detailed site-specific investigation
and earthworks design. It relies primarily on desktop review of available information, including
geological mapping, LIDAR-derived terrain models, historic aerial imagery, and reconnaissance site
observations by a senior engineering geologist. The assessment considers the post-development
condition of the site, assuming that appropriate earthworks, mitigation measures, and remediation

works will be implemented during construction where required.

KGA Geotechnical Group Limited
Supporting the Construction Industry since 1990
7A William Pickering Drive | Albany | Auckland Unit 3, 201 Opawa Road | Hillsborough | Christchurch
P O Box 302 361 | North Harbour | Auckland 0751 P O Box 7630 | Sydenham | Christchurch 8240
09 478 6655 www.kga.co.nz 03 343 5302
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This assessment has been prepared solely for use in support of the Auckland Council “Fast-Track”
consenting process. It should be noted that the risk levels identified within this report may be subject
to change following detailed subsurface investigation, geotechnical analysis, and slope stability
assessment. KGA should therefore be provided the opportunity to review and update this
assessment once detailed development layouts, earthworks designs, and geotechnical investigation

data become available.

2. BACKGROUND INFORMATION

This letter should be read in conjunction with our Geotechnical Appraisal Report (GAR), Reference
No. K260094-1b, dated 29 May 2026. We recommend that the reader be familiar with the contents

of this report, as the information contained therein is pertinent to the assumptions, presented in this

letter.

3. SITE DESCRIPTION

The proposed subdivision development comprises the entirety of 10 existing properties located

within the Pine Valley area, legally described as follows:

e 61 Kahikatea Flat Road Lot 1 DP 354161 4.65Ha
e 77 Kahikatea Flat Road Lot 7 DP 65688 4.24Ha
e 24 Horseshoe Bush Road Lot 1 DP 62568 4.06Ha
e 42 Horseshoe Bush Road Lot 3 DP 466485 1.00Ha
e 46 Horseshoe Bush Road Lot 2 DP 466485 1.00Ha
e 48 Horseshoe Bush Road Lot 2 DP 623127 16.48Ha
e 82 Horseshoe Bush Road Lot 2 DP 130668 7.54Ha
e 100 Horseshoe Bush Road Lot 2 DP 105762 16.25Ha
e (unnumbered) Horseshoe Bush Road Lot 1 DP 130668 15.91Ha
e (Unnumbered) Horseshoe Bush Road Lot 3 DP 130668 6.75Ha

Together, these parcels comprise a total plan area of approximately 77.88Ha and are collectively

referred to herein as “the site.”

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley

31 May 2026 2
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Overall, the site is irregular in plan shape and is bounded to the north, west, and east by existing
rural properties, comprising a mixture of lifestyle blocks and farmland. The site is bounded by
Kahikatea Flat Road to the northeast and Horseshoe Bush Road to the south. At present, each of
the existing Lots that comprise the Site is accessed via its legally established road frontage. In
addition, the property at 48 Horseshoe Bush Road also benefits from a panhandle accessway

connecting to Kahikatea Flat Road at the northeast corner of the site.

The regional topography of the site is controlled by two prominent ridgeline features, one terminating
in the northwest corner of the site and the other forming the southern boundary of the site, both
trending generally west to east. Ground levels generally fall from these elevated features toward the
central portion of the site, which comprises low lying, near-level to gently sloping terrain associated
with ancient flood terrace deposits, gently falling toward the east to northeast. A series of incised
gully features traverse the lowland areas, generally draining from the southwest and west toward the

northeast and east.

Figure 1: Snippet from KGA Site Plan showing proposed subdivision development extent, existing
property boundaries and site cover (not to scale).

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley

31 May 2026 3
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4., RISK ASSESSMENT

The risk assessment for this site has been carried out in general accordance with Appendix 24 of
the PC120 documentation, “Landslide Hazard Risk Assessment Methodology”, dated 3 November
2025. This process includes a four-stage approach to quantify the risk and to determine Activity
Status in accordance with Table E36.4.1B of the Auckland Unitary Plan (AUP); PC120 modifications.
The four-stage approach includes the following:

e Stage 1. Desktop study including a review of landslide susceptibility maps and mapped
landslides.

e Stage 2: Determination of risk assessment methodology and development of engineering
geological models.

e Stage 3: Determination of risk class for selected landslides by semi quantitative and qualitative
methods.

e Stage 4: Use of the risk assessment to determine activity status.

The quantitative assessment addresses the potential annual risk to loss of life. Its basis is to

determine an annual risk of low of life.

4.1 Stage 1 — Desktop Stuy - Landslide Susceptibility Maps

The Auckland Council GeoMaps (AC GeoMaps) database includes landslide susceptibility maps for
both “small-scale shallow landslide” and “large scale landslides”.  This mapping is based on
Technical Report TR2025/7 entitled “Auckland Region Landslide Susceptibility Assessment”, dated
May 2025. The basis of this document is a regional study carried out by WSP entitled “Auckland
Landslide Susceptibility Study Technical Reprot 2025”, dated February 2025.

The technical document states the following regarding the susceptibility and the use for detailed

analysis:

e “This is a susceptibility dataset and does not describe hazard or risk”.
e “Thisis aregional-level assessment and is not intended to site-specific use without further, more

detailed assessment”.

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley

31 May 2026 4
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We have assessed the AC GeoMaps portal to check for mapped susceptibility for both shallow and
deep-seated landslides. The mapping indicates that land within the Site is classified as “Very Low”
to “Low” susceptibility for large-scale landslides, and “Very Low” to “Very High” susceptibility for
shallow landslides (refer to Figures 2 and 3). Cells classified as “High” to “Very High” susceptibility
to shallow landslides are also mapped within approximately 150 m upslope of the Site to the west

and north of portions of the Site.

-

T

Very Hi tjr'..
ng.".
Moderate
Low

Very Low - A
2 3 "o _ W = -

Figures 2 and 3: Large scale (Figure 2) and small-scale shallow (Figure 3) Landslide Susceptibility Maps,
sourced from Auckland Council GeoMaps (Not to scale).

4.2 Stage 2 — Ground Model, Landslide Type and Landuse Activity

4.2.1. Ground Model

As discussed in Section 2, KGA has undertaken a preliminary geotechnical assessment comprising
a detailed desktop review and reconnaissance site walkover. Based on interpretation of the observed
site topography and geomorphology, together with available subsurface information from nearby
sites, and drawing on our experience in the area, we consider that the regional geological mapping
(Figure 4) provides a reasonable preliminary representation of the underlying ground conditions

across the Site.

We have utilised this information as part of our landslide risk assessment. However, it is noted that
this preliminary ground model will be refined following site-specific subsurface investigations and

detailed geotechnical assessment.

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley

31 May 2026 5
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Figure 4: Excerpt from the GNS New Zealand Geology Web Map (not to scale).

4.2.2. Landslide Types

Appendix 24 requires consideration of three landslide event types, representing ‘High Likelihood’,
‘Medium Likelihood’, and ‘Maximum Credible’ scenarios. Our assessment of landslide mechanisms
generally follows the guidance presented in Cruden & Varnes (1996). Based on the site observations
and available background information, the following landslide mechanisms have been considered as

part of this risk-based assessment.

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley
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e Medium Likelihood — Shallow Translational Land Movement (rapid, wet earth slide):
Shallow translational failures were observed on-site, particularly within gentle to moderately
sloping areas underlain by Northland Allochthon materials and along the incised gully slopes
within the lowland alluvial deposits. These failures are typically shallow and associated with
saturated near-surface soils and erosion of gully banks. Following development, shallow failures
may still occur locally along the remaining gully features that are intended to remain within
permanent riparian corridors.

e High Likelihood — Shallow Creep (very slow, moist soil slide):

Evidence of soil creep was observed across parts of the Site, particularly downslope of larger
relic landslip scarps and on moderately sloping terrain. Indicators included hummocky ground
surfaces, leaning vegetation, and displaced infrastructure. Following development, slow creep
movement may still occur due to the inherent slope geometry of the Site and the presence of
subsoil materials susceptible to shrink—swell behaviour.

e Maximum Credible — Deep-Seated Movement (slow, moist earth slide):

Two areas of larger scarp features were observed within the northwest (Waitemata Group) and
southwest (Northland Allochthon) portions of the Site. These features indicate that larger-scale
historical slope failures have occurred within these areas. As part of the proposed development,
it is assumed that these areas will be subject to detailed geotechnical investigation and
assessment, and that appropriate mitigation and stabilisation measures will be incorporated into

the site formation and earthworks design where required.
4.2.3. Landuse Activity & Stage 3 Method Requirements

To determine the appropriate method for the quantitative landslide risk assessment, reference has
been made to Table 1 of PC120 Appendix 24. This table specifies the required assessment
methodology based on the land use activity and the applicable landslide susceptibility class. For the
proposed land use activity of “Subdivision”, the required assessment methodology is Method 2,

reflecting the presence of areas classified as Very High Susceptibility to shallow landslides.
In accordance with PC120 Appendix 24, a Method 2 assessment is required to include the following:
¢ A semi-quantitative risk assessment covering a broad range of potential impacts. This approach

is equivalent to Method 1. Where a Method 1 assessment has already been completed, the

results of that assessment may be adopted without revision.

Geotechnical Assessment Letter K260094-2b
Landslide Hazard Risk Assessment - Plan Change PC120 - Kahikatea Flat Road & Horseshoe Bush Road, Pine
Valley
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e A guantitative risk assessment addressing individual risk to life.

Accordingly, this assessment includes both a semi-quantitative risk assessment (Method 1),
addressing a range of potential impacts including human safety, societal consequences, and building
damage, and a quantitative risk assessment (Method 2) to determine the Annual Individual Fatality
Risk (AIFR).

It is noted that this assessment is preliminary only and remains subject to revision following site-

specific subsurface investigation, geotechnical assessment, and slope stability analysis.
4.3 Semi-Quantitative Risk Assessment (Method 1)

The semi-quantitative risk assessment has been carried out in accordance with PC120 Appendix 24,
Tables 3 to 6, to evaluate the likelihood and consequence of the three relevant landslide mechanisms

identified for the site (refer to Section 4.2.1).

The Method 1 assessment is intended to provide an initial classification of risk before proceeding to

the quantitative (Method 2) evaluation required under the PC120 framework.
4.3.1. Likelihood Assessment

The likelihood ratings have been inferred from our interpretation of desktop information, site walkover
observations, and professional experience, consistent with the likelihood definitions provided in
Table 3 of Appendix 24. Based on the site-specific evidence available, the following likelihood

classifications have been adopted:

¢ Shallow Translational Land Movement — Likely:
Shallow translational movements are considered Likely (approximately 1 in 100 years). Shallow
failures were observed during our site walkover, particularly along incised gully slopes. Following
development, shallow failures may still occur within the riparian corridors associated with the
retained drainage features. Provided appropriate slope stability and erosion control measures
are implemented during site formation works, this type of failure is unlikely to occur within the

developed areas of the site, including roads and finished residential lots.
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Shallow Creep — Likely:

Shallow soil creep is assessed as Likely (approximately 1 in 100 years). Evidence of creep was
observed across portions of the Site during the walkover, including hummocky ground and
leaning vegetation. Creep is expected to continue at a slow rate due to the existing slope
gradients and the presence of underlying materials that may be sensitive to seasonal shrink—
swell behaviour.

Deep-Seated Movement — Unlikely:

Deep-seated movement is assessed as Unlikely (approximately 1 in 10,000 years). Although
relict deep-seated landslide features were identified on the site, reactivation of these mapped
features is not anticipated within the design life of the proposed development, assuming that

appropriate stability measures are incorporated into the site formation and earthworks design.

4.3.2. Consequence Assessment

Consequences have been assessed in accordance with Table 4 of Appendix 24, considering both

Human Safety and Buildings Accommodating Sensitive Activities. For conservatism, the higher of

the two consequence categories has been adopted for each landslide mechanism.

Shallow Translational Land Movement — Minor:

Any potential movement is expected to be small-scale, affecting slope margins rather than
Roadways and Lots, with limited damage requiring reinstatement.

Shallow soil creep — Insignificant to Minor:

Post-earthworks, creep is not expected to impact structures. Any deformation, if it were to occur,
would be minor and readily repairable.

Deep-seated instability — Major (structural), Minor to Medium (human safety):

Although deep-seated instability is assessed as “Unlikely,” the worst-case structural
consequence is conservatively assigned as “Major” due to the hypothetical extent of deformation
if such an event were to occur. Human safety consequences remain lower, reflecting the unlikely

nature of rapid or catastrophic failure in this geological setting.
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4.3.3. Risk Classification

Based on the above assessed likelihood and consequence, we have utilised Table 6 from PC120,

to assess the risk.  Translational movement is circled red, creep movement circled blue and deep-

seated movement circled purple for visual purposes.

Risk classification table:
Consequence category
Insignificant Catastrophic
Almost certain Medium
— | [tolerabl
g| [Likely T_em R q
Possibl : WL _Lﬁﬂnlﬁﬂu!l__%
3 (sig t)
| [Uniikel ‘_%Lm ‘%L ' ﬁm +
g | =X o
% Rare Lﬁﬁml_ Medium
X (acceptable) | _(tolerable) _
-l [Barely credi Low Low
{acceptable) | | _{acceptable)

Figure 5: Annotated Risk Classification Table taken from PC120; Appendix 24

Based on Figure 5, the development site should be considered “tolerable”, with respect to building.
We point out that if the consequence for the “deep-seated” landslide assumes “Human Safety”
(Medium to Minor) instead of the required “Building” impact, the risk would be classified as

acceptable.

4.4 Quantitative Risk Assessment (Method 2)

44.1. General

Method 2 requires calculation of the Annual Individual Fatality Risk (AIFR) for each relevant landslide
mechanism. The assessment follows the PC120 Appendix 24 risk equation and uses probability
components informed by site-specific modelling, investigation data, and representative values from
AGS (2007c) for vulnerability and occupancy. The Method 2 analysis focuses on actual risk to future

development.
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Accordingly, the probabilities used in Method 2 reflect the likelihood of a landslide hazard resulting

in death, not the natural slope below.
The AIFR is calculated using:

Ry, = P(H) X P(S:H) x P(T:S) x V(D:T)
Where:
e P(H) = annual probability of the landslide occurring
e P(S:H) = conditional probability of the slide impacting the dwelling
e P(T:S) = probability of a person being present (Consistent with residential use), 0.7 has been
adopted

e V(D:T) = vulnerability of an exposed person given the impact.

4.4.2. AIFR Calculations

Table 1: Shallow Translational Movement AIFR Calculations

Parameter | Value Justification
P(H) 001 Shallow slips may occur on steep natural slopes during adverse conditions (consistent
' with “Likely”).
Geometry and setbacks mean only ~2% chance of affecting a building platform. Although
P(S:H) 0.02 | “Likely” in natural unmitigated slopes, such failures are not expected to reach building
platforms, which are positioned upslope on stable ground or behind retaining structures.
P(T:S) 0.7 Residential occupancy.
V(D:T) 0.01 | Slip expected to cause local ground deformation, not structural collapse.
Total R, =0.01%x0.02x0.7%x0.01=1.4X% 10
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Table 2: Shallow Soil Creep AIFR Calculations

Parameter | Value Justification
P(H) 0.01 | Low annual probability consistent with “Likely”, based on the fact that earthworks and
retaining will address creep.

P(S:H) 0.02 | Creep is “Possible” in natural slopes but unlikely to affect future dwellings, especially
where platforms are level or designed to account for shallow surface movement (lateral
creep)

P(T:S) 0.7 Residential occupancy.

V(D:T) 0.001 | Creep causes distortion, not collapse; occupants can exit safely.

Total Rior =0.01%x0.02x0.7x0.01=1.4x10"7

Table 3: Deep-Seated Instability AIFR Calculations

Parameter | Value Justification

P(H) 0.0001 | “Deep-seated failure is assessed as Unlikely.

Deep movement, if it occurred, would be broad and slow, with very low likelihood of

P(SH) 0.25 impacting ridge-crest lots, given proposed setbacks.

P(T:S) 0.7 Residential occupancy.

If a deep failure occurred, structural damage possible, but rapid catastrophic collapse

V(O:T) 0.2 unlikely in this geology.

Total Ryor = 0.0001 % 0.25 X 0.7 X 0.2 = 3.5 x 1076

4.4.3. Total Annual Individual Fatality Risk (AIFR)

Rrotqr = 1.4%x107¢+1.4%x 1077 +3.5x 107°
Rrotar =~ 5.04 x 107

Using Figure 5, contained in PC120; Appendix 24, this results in an overall “Medium” risk and a

resultant “Tolerable” classification (development land yet to be urbanised).
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5. ACTIVITY STATUS

We consider that the quantitative (Method 2) analysis is the most appropriate for use in determining
the activity status for the development. This is compliant with PC120; Appendix 24 “Stage 4”, which
states, “Where multiple risk assessment methods are applied, results from Method 2 shall take

precedence over those from Method 1”.

We have made reference to relevant activity type in Tables E36.4.1B and E36.4.1C of Unitary Plan
E36 as detailed below. The assessment carried out within this letter complies with E36.6.A1

Standard (risk assessment carried out by a geotechnical professional).

It is also important to note that the following Activity Status is for the assumed ‘post-development’ of

the site.

Table 4: Relevant Activities from Tables E36.4.1B and E36.4.1C of Unitary Plan E36

E36.4.1B Activity Table Activity Status*

New structures and buildings and external additions and alterations to existing

structures and buildings (as existing at 03/11/25) with a gross floor area more than
A122  20m? associated with activities potential sensitive to natural hazards in medium Controlled

(tolerable) and high (significant) landslide hazard risk areas that comply with

Standard E36.6.A1.

New structures and buildings and external additions and alterations to existing

A124 structures and buildings (as existing at 03/11/25) with a gross floor area more than Restricted
20m2 associated with activities sensitive to natural hazards in landslide hazard Discretionary
risk areas that comply with Standard E36.6.A1.

A133 All other infrastructure in landslide susceptibility assessment areas not otherwise Restricted
provided for. Discretionary

* = The landslide risk assessment in respect to AFIR is considered to be ‘Tolerable’

6. LIMITATIONS

This letter was prepared in the context defined in Section 1 must not be relied upon by any other
party other than that for whom it was prepared and the relevant Territorial Authority. It has been
compiled with respect to the brief given to us and must not be relied upon in any other context or
recreated for any other purpose. Conclusions and risk assessments contained in this letter report
are based on our knowledge of the local geology and our experience in landslide failure types and

should not be construed as a guarantee. The result of this assessment is for use in planning only.
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