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1 Executive Summary

introduction

Fulton Hogan Land Development Limited is proposing to subdivide approximately 23ha area of rural land in
Lincoln, for Stages 19 to 24 of the Rosemerryn residential subdivision. The site is located on the eastern
side of the wider Rosemerryn Subdivision that is currently being developed and will comprise approximately
240 residential lots with reserves and roading.

Fulton Hogan Land Development Limited (FHLD) has engaged Aurecon New Zealand Ltd (Aurecon) to
undertake a geotechnical investigation and assessment for Stages 19 to 24 of the Rosemerryn Subdivision,
which is continuation of our work on the wider site since 2005. The purpose of the investigation is to assess
the suitability of the land for residential development to characterise the risk of liquefaction and lateral
spreading to the development and to provide a report to support the resource consent application.

Geotechnical Investigations

The geotechnical investigations comprised a review of Environment Canterbury (ECan) well logs and
previous geotechnical investigations undertaken across the site since 2011, Cone Penetration Tests (CPTs),
piezometer installations and Multi-channel Analysis of Surface Waves (MASW) soundings.

Based on the results of our geotechnical investigations, the ground conditions across the site can separated
into three different ground profiles based on the depth to the underlying gravel. To the north, gravel is at
relatively shallow depths of 2m or less, with the depth to gravel deepening towards the south. Atthe
southern corner of the site the gravels are approximately 7m below ground level. The gravel is overlain by
interbedded loose to medium dense Sands and Silty Sands, and firm to stiff Sandy Silts and Silts.

Piezometer readings indicate groundwater levels in the order of 1.4m to 1.5m depth, with the exception of
BH203 adjacent to the stream, which indicated water at 1m depth. It is noted that groundwater levels will
vary seasonally or following prolonged rainfall.

Liquefaction Assessment
A liquefaction assessment has been carried out at the site and the results indicate the following:

e Based on the O’'Rourke et. al. (2012) PGA model the site has been “sufficiently tested” (MBIE
Guidelines (2012)) as the median value for the PGA for the 4 September 2010 event exceeded
170% of the SLS PGA (i.e. 1.7 x 0.13g = 0.22g). Therefore, we have used the lack of ground
damage observed at the site after the 4 September 2010 earthquake event to help calibrate our
liquefaction assessment.

e The GNS Science report on liquefaction (GNS, 2012), a review of aerial photography, and site
observations made by Aurecon and Fulton Hogan staff confirms that there was no evidence of
liquefaction observed at the site after the 4 September 2010 Darfield earthquake, or any subsequent
earthquakes part of the Canterbury Earthquake Sequence.

e In the northern part of the site, liquefaction induced settliements and damage are likely to be minimal
and consistent with a TC1 classification while elsewhere the calculated liquefaction induced
settlements and assessed ground damage are consistent with TC2 and TC3 classifications.
However, when compared to actual site performance, the level of calculated damage is well
overstated, as the back analysis indicates that moderate to major ground damage should have
occurred when only limited to minor damage was observed at and around the site.
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» The liquefaction induced lateral spreading potential is considered to be minor.

e Based on our liquefaction assessment, and the limited evidence of ground damage, we infer that
only minor to moderate land damage from liquefaction is possible in future large earthquakes at
parts of the site.

Technical Category Classification

Based on our liquefaction assessment we consider that the northern part of Stage 19 to 24 is consistent with
the classifications of Technical Category 1 (TC1) and the remainder of the site is consistent with the
classification of Technical Category 2 (TC2). Across Stages 19 to 24 future land damage from liquefaction
is unlikely in the Technical Category 1 area, and possible in the Technical Category 2 area in future large
earthquakes. The locations of the Technical Category zones are shown on see Figure 11 in Appendix A.

Bearing Capacity

Based on the available investigation logs it is unlikely that shallow bearing for a typical house foundation of
300kPa ultimate bearing capacity will be achieved. Therefore “good ground” as per New Zealand Standards
Timber Framed Buildings (NZS3604:2011) and Concrete Masonry Buildings Not Requiring Specific
Engineering Design (NZS4229:1999) will not be met at this site and specifically designed foundations will be
required based on the building consent investigations.

Therefore, irrespective of any potential liquefaction risk at the site, typical light weight timber framed or
masonry houses (which would generally be designed within the guidelines of NZ§3604:2011 or
NZS4229:1999) will require specific foundation investigation and design (which are outside the scope of this
report). We believe, that TC2 enhanced slab foundations will be suitable for soils with bearing capacities of
200kPa or more. Where lower bearing capacities are encountered shallow foundations can be specifically
designed to ensure deformations are within acceptable limits. Based on our experience we believe that TC2-
type enhanced slab foundations or robust rib rafts will be suitable for the lower bearing capacity soils. These
foundation types will also mitigate the impact from shallow liqguefaction induced land damage.

Site specific testing (including hand augers and DCPs) will be required on all lots to confirm the actual
ground conditions and to determine available bearing capacities.

RMA Section 106 Assessment

A risk assessment approach has been undertaken on the significant geotechnical hazards that may affect
the site (see Appendix I). Based on this assessment we consider that there are no significant geotechnical
hazards at the site other than the potential for earthquake induced soil liquefaction. However, provided that
the geotechnical recommendations provided within this report are followed, and the appropriate engineering
measures are implemented, then we consider that the development is unlikely to be affected by significant
geotechnical hazards nor will the development worsen, accelerate or result in material damage. Therefore,
from a geotechnical perspective we consider that the residential subdivision development will
comply with the requirements of RMA Clause 106.

The geotechnical investigations were aimed at assessing the site for geotechnical suitability for subdivision
into residential lots with associated access roads and rights-of-way. Detailed design of house foundations is
not part of this report and will need to be undertaken by the individual lot owner. This report shall be read as
a whole and our limitations are provided in Section 8.
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2 Introduction

Fulton Hogan Land Development Limited is proposing to subdivide approximately 23ha area of rural land in
Lincoln, for Stages 19 to 24 of the Rosemerryn residential subdivision. The site is located on the eastern
side of the wider Rosemerryn Subdivision that is currently being devetoped and will comprise approximately
240 residential lots with reserves and roading.

Fulton Hogan Land Development Limited (FHLD) has engaged Aurecon New Zealand Ltd (Aurecon) to
undertake a geotechnical investigation and assessment for Stages 19 to 24 of the Rosemerryn Subdivision,
which is continuation of our work on the wider site since 2005. The purpose of the investigation is to assess
the suitability of the land for residential development, and to characterise the risk of liquefaction and lateral
spreading to the development. The scope of the works undertaken was as follows:

o A detailed desk study of readily available geological and geotechnical information available for this
site.

e A site walkover by a Senior Engineering Geologist.
o Review the existing geotechnical work carried out in the area by Aurecon.

e Undertake further geotechnical investigations comprising of fifteen cone penetration tests,
installation of five piezometers and MASW soundings.

o A liquefaction analysis using latest MBIE and NZGS Guidelines to identify the liquefaction potential
of the underlying natural soils and to confirm the technical categories across the site based on the
liquefaction assessment.

e Provide recommendations on potential liguefaction remediation options for the site.

e Provide recommendations for further testing (if required).

o Assess the site against Section 106 of the Resource Management Act (RMA).

e Prepare a geotechnical investigation report for Rosemerryn Subdivision Stages 19 to 24.

This geotechnical report presents the results of our geotechnical investigations and assessment, confirms
the suitability of the land for residential development, as well providing recommendations for site
development.

Our work has been carried out under the existing ACENZ/IPENZ Short Form Agreement between FHLD and
Aurecon, as per Aurecon’s fee proposals dated 24 April 2018. Approval to proceed was given by Greg Dewe
on 25 April 2018.

Our limitations are provided in as Section 8 of this report and this report shall be read as a whole.
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3

3.1

Site Conditions

Site Description

The site is located on the eastern side of the wider Rosemerryn subdivision (See Figures 1 and 2 in
Appendix A and the Davie Lovell Smith drawing in Appendix B). The main site features are:

3.2

The site has an approximate area of 23ha and has an irregular rectangular shape.
The site topography is relatively flat with less than 1.5m height change across the area.

The site is bound to the north by rural land, to the west by previous stages of the Rosemerryn
Subdivision, to the south by Edward Street and to the east by Ellesmere Road.

There is a small stream which runs through the Rosemerryn subdivision and divides the northern
section from the southern section. The stream is approximately 0.5m deep and 2m to 3m wide with
no significant bank.

The site is currently being used for pastoral and crop farming and is covered in grass with localised
shelter belts along the fence lines.

Current drainage is inferred to be via direct soakage to the ground or via runoff to the small stream.

Regional Geology

The geology of the site is shown on the Geological and Nuclear Sciences Map 16, Geology of Christchurch
area, scale 1:25,000 (compiled by Forsyth, Barrell and Jongens, 2008). The map indicates that the site is
underlain by grey river alluvium beneath plains of low-level terraces (Q1a).

3.3

Seismicity

The GNS Science Active Fault System database (GNS, 2012a and 2012b) indicates that the site is within an
area of recent seismic activity known as the Canterbury Earthquake Sequence (CES) and is approximately:

12km south-east of the eastern extension of the Greendale Fault, which was responsible for the
Magnitude Mw7.1 Darfield (Canterbury) Earthquake on 4 September 2010.

16km south-west of the epicentre of the Magnitude Mw6.2 Christchurch Earthquake on 22 February
2011 (GNS, 2011b);

21km south-west of the epicentre of the Magnitude Mw6.0 major aftershock on 13 June 2011 (GNS,
2011b); and

23km south-west of the epicentre of the Magnitude Mw5.9 major aftershock on 23 December 2011
(GNS, 2011b).

Based on the O'Rourke et. al. (2012), as shown on the New Zealand Geotechnical Database, peak ground
accelerations of approximately 0.33g were experienced at the site during the 4 September 2010 Darfield
Earthquake.
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3.4 Recorded Earthquake Damage

Based on the GNS report “Review of liquefaction hazard information in eastern Canterbury, including
Christchurch City and parts of Selwyn, Waimakariri and Hurunui” (GNS, 2012), there was no observed
liquefaction induced ground damage after the 4 September 2010 or 22 February 2011 earthquakes. Minor
surface expression of liquefaction was observed in areas 500m southeast of the site. The locations of
observed damage are shown in Figures 3 and 4 in Appendix A.

Based on reviews of aerial photography, discussions with Fulton Hogan staff who are familiar with the site,
and Aurecon site walk overs in 2011, 2012, 2013, 2015 and 2018, no surface expression, of liquefaction or
land cracking occurred within the proposed subdivision. The lack of observations of liquefaction induced
ground damage is consistent with the GNS report.

3.5 MBIE Land Classification

The current land classification for the site, according to the Ministry of Business Innovation and Employment
(MBIE) Technical Categories map, is “"N/A — Rural & Unmapped”. To the east of the site on the eastern side
of Ellesmere Road it is classified as “Technical Category 2" and to the west of the site it is classified as
“Technical Category 1”.

“N/A — Rural & Unmapped” means that normal consenting procedures apply in these areas. “Technical
Category 1" means that future land damage from liquefaction is unlikely, and ground settlements are
expected to be within normally accepted tolerances. Standard foundations (NZS 3604) are acceptable in
TC 1 areas subject to shallow geotechnical investigation. “Technical Category 2° means that minor to
moderate land damage from liquefaction is possible in future large earthquakes. Lightweight construction or
enhanced foundations are likely to be required such as enhanced concrete raft foundations (i.e. stiffer floor
slabs that tie the structure together).
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4 Geotechnical Investigations

4.1 General

The objective of the geotechnical review and site investigation was to determine the ground and groundwater
conditions across the site in order to assess the suitability of the site for subdividing into residential sections.

Geotechnical investigations have been carried out across the site at various stages since August 2011 with
more recent investigations in Stages 19 to 24 carried out in May 2018. As part of our assessment for the site
we have reviewed previous investigations on and around Stages 19 to 24, as well as the results from the
recent investigations.

The geotechnical review and investigation included the following information:

¢ Readily available Environment Canterbury well logs from Canterbury Maps.

¢ Previous geotechnical investigations, which comprised geotechnical boreholes, test pits, cone
penetration tests (CPT) and Multi-channel Analysis of Surface Waves (MASW).

e Additional investigations which comprised
o Fifteen CPTs to target depths of 10m or refusal.
o Four piezometers installed to depths ranging from 3m to 5m.

o One geotechnical borehole to 12m with standard penetration tests (SPT) at 1.5m centres
and piezometer installation.

o 1,125m of MASW lines.

Details of the geotechnical investigations is presented in the following sections.

4.2 Environment Canterbury Well Logs

A review of the Canterbury Maps and Environment Canterbury GIS Database (ECan, 2015) indicates five
Environment Canterbury boreholes with logs on the site. The borehole logs, locations, and depths are
summarised in Table 1 below.

Table 1: Summary of ECan borehole logs

M36/8674 South western  6.0m

0 to 0.2m — Topsoil

comer of the ¢ 0.2t06.0m - Silty Clay
site

M36/8675 On the eastern 5.8m 1.5m o (to 0.2m— Topsoil
side of the site e 0.2to 3.6m - Silty Clay

e 3.6 to 5.8m — Silty Sandy Gravel

M36/8676 On the west 5.2m 1.6m e 0to0.2m - Topsail
side of the e 0.21to0 3.6m — Sandy Silt, Silt and Silty Clay
site, north of
the stream e 3.6105.2m - Gravel
M36/8679  On the 5.8m 1.1m e 0to0.2m - Topsoil
western side e 0.2 to 4.2m — Sandy Silt and Silty Clay

of the northern

part of the site e 4.21t05.8m— Gravel
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M36/8680 North western ~ 6.7m 1.4m e 0to0.2m - Topsail
szmer of the e 0.2to3.2m — Silty Sand and Silty Clay
site

e 3.2t06.7m — Gravel

The locations of the ECan borehole logs are presented in Figure 5 in Appendix A and the borehole logs are
presented in Appendix C.

4.3 Previous Geotechnical Investigations

Previous investigations carried on and around Stages 19 to 24 have comprised of geotechnical boreholes,
test pits, cone penetration tests (CPT) and Multi-channel Analysis of Surface Waves (MASW). A summary of
the previous investigations is presented in Table 2.

Table 2: Summary of relevant previous investigations

2011 Boreholes BH3 and BH4

2011 : CPTs CPT18 to CPT27

2011 Test Pits TP33 to TP47

2012 CPTs CPT1, CPT2, CPT4 and CPT27
2012 Test Pits TP1

2013 CPTs CPT19, CPT, 21 and CPT22

2015 Boreholes BH102 and BH103

2015 MASW 3.1km of MASW line carried out of

. which approximately 1.1km is in
. Stage 19 to 24.

The location of these investigations is presented in Figures 6 and 7 in Appendix A and the logs are
presented in Appendix D.

4.4 Recent (2018) Investigations

4.4.1 Cone Penetration Testing

An additional 15 Cone Penetration Tests (CPT) were undertaken within Stages 19 to 24 between 18 and 22
May 2018. The CPTs were undertaken by McMillan Drilling using a track mounted CPT rig and the tests
were undertaken to effective refusal (tip pressure reaching 40MPa) of the rig at 2m to 7m depth. The CPT
locations are shown in Figure 6 in Appendix A and the logs are presented in Appendix E.

4.4.2 Boreholes and Piezometers

Five machine boreholes were drilled to install piezometers between 17 and 18 May 2018 to allow the
ongoing measurement of groundwater levels. The piezometers were drilled and installed by McMillan Drilling
using a track mounted dual tube rig. As the purpose of the boreholes was to install the piezometers,
Boreholes BH201 to BH204 in Stages 19 to 24 were blind driven to the required depths (3m to 5m) with no
soil recovered for logging. Borehole BH205, located to the west in a previous stage, was carried out at a
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new sewer proposed pump station location. This borehole was drilled to a target depth of 12m with Standard
Penetration Tests (SPT) at 1.5m centres and a piezometer installed with the response zone at 7m depth.
Soil recovered from the borehole was logged by a Geotechnical Engineer from Aurecon, in accordance with
NZ Geotechnical Society’'s Guideline for the Field Classification and Description of Soil and Rock for
Engineering Purposes (NZGS, 2005).

Although Borehole BH205 is not located in Stages 19 to 24, it has been included in this report to provided
information on groundwater levels. The piezometer installations comprised of 32mm pipe with 1m slotted
section at the base of the hole. The locations of the boreholes are shown in Figure 6 in Appendix A and the
driller’s logs are presented in Appendix F.

Previous work at Rosemerryn has found relatively complex groundwater conditions across the site with a
phreatic surface at shallow depths and sub-artesian pressures within the underlying gravels. The depth to
groundwater has been critical in the determining the likely site performance and hence piezometers were
installed at varying depths across the site. The depth of the piezometers installation is presented in Table 3.

Table 3: Piezometer installation summary

Commi

BH201 5m Installed in the underlying gravel to monitor sub-artesian

pressures

BH202 3m i Installgd in the overlying silts and sands to measure the

. phreatic surface.

BH203 3m Installgd in the overlying silts and sands to measure the
phreatic surface.

BH204 i Installgd in the overlying silts and sands to measure the
phreatic surface.

BH205 7m Installed in the underlying gravel to monitor to sub-

artesian pressures

In addition to the piezometers, groundwater level observations were taken in tests holes carried out at the
various investigation stages. These groundwater levels are likely to be less accurate than those measured in
the piezometers but they can provide indicative values to correlate between piezometers.

4.4.3 MASW Soundings

Five Multi-channel Analysis of Surface Waves (MASW) profile lines were undertaken by Southern
Geophysical Limited in May 2018. These profile lines had a total length of 1,125m and comprised individual
MASW soundings at approximately 10m centres.

From the MASW soundings, shear wave velocity profile sections have been produced for the upper 25m of
the soil profile. The MASW soundings were undertaken to obtain information between the physical control
points (CPT, borehole and test pits). MASW provided information on the depths of the gravel layer as well as
the presence of sand lenses within the gravel layer. The locations of the profile lines are shown in Figure 7
in Appendix A and the velocity profiles are presented in Appendix G.

The shear wave velocity (Vs) profiles when calibrated to the CPT, test pit and borehole logs indicate:
e Upper Sands and Silts — Vs < 180m/s
s Gravels (Upper 10m) —180m/s < Vs < 350 m/s
s Sand Lenses — 180m/s < Vs < 220 m/s (only apparent in northern part of site)

. Gravels (Deeper) — 350m/s < Vs
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5 Engineering Considerations

5.1 General

Fulton Hogan Land Development Limited is proposing to subdivide 23ha of rural land in Lincoln into
Rosemerryn Stages 19 to 24. The subdivision will comprise approximately 240 residential iots as well as
reserve areas and road. The Ministry of Business, Innovation and Employment (MBIE, 2012) guidelines on
residential development, requires that ground conditions and geotechnical hazards, including liquefaction,
are assessed and, based on the result of this assessment, mitigation measures (if required) can be
developed.

This section of the report presents the:
o Geotechnical ground model for the site.
¢ Potential for seismically induced liquefaction.
o Impilications for building foundations.

e Assessment against the Resource Management Act (RMA) Section 106.

5.2 Geotechnical Ground Model

5.21 Ground Conditions

Based on the results of our geotechnical site investigation results, including calibration on the MASW
soundings with intrusive investigations, the ground conditions across the site can be separated into three
ground profiles. These ground profile areas are presented in Figure 8 in Appendix A and are summarised in
Tables 4, 5 and 6.

1 Surface 0.2to 0.3m Topsoil

Table 4: Inferred Ground Profile 1 (Northern section of site)

2 0.21t0 0.3m 0.6to2.1m Loose to medium dense Sands and Silty Sands interbedded with
layers of stiff Sandy Silts and Silts

3 0.6t02.17m 10m onwards Predominately medium dense to very dense Sandy Gravels and
Gravel with occasional sand lenses up to 1.5m thick

Table 5: Inferred Ground Profile 2 (Middle section of site)

1 Surface 0.2t0 0.7m Topsoil

2 0.21t0 0.7m 2.5t04.2m Loose to medium dense Sands and Silty Sands interbedded with
layers of firm to stiff Sandy Silts, Silts and Clayey Silts

3 25t04.2m 15m onwards Medium dense to very dense Sandy Gravels and Gravels
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Table 6: Inferred Ground Profile 3 (Southern section of site)

1 Surface 0.2 10 0.4m Topsail

2 " 0.2t0 0.4m 51mto7.1m ' Loose to medium dense Sands and Silty Sands interbedded with
layers of soft to firm to stiff Sandy Silts, Silts and Clayey Silts

3 51imto7.1m 15m onwards Medium dense to very dense Sandy Gravels and Gravels

The main difference between the above soil profiles lies in the depth to the gravel layer. The gravel is at
relatively shallow depths in the north part of the site and deepens to the south. Aspects of note are as
follows:

e Sand lenses are present within the gravel in the northern section of the site (Ground Profile 1), as
noted in Borehole BH102 at 4.56m depth, MASW Line 4 Chainage 20m, and MASW Line 10
Chainage 217m. The sand lenses appear to be limited in extent, with one lens logged as
approximately 1.5m thick.

¢ The top of the gravel in the middle section of the site (Ground Profile 2) is not a consistent surface
but appears to be undulating, which likely reflects the deposition environment where the undulation
represents old eroded channels that are now infilled.

¢ Similar to Ground Profile 2, the top of the gravel in the southern section of the site (Ground Profile 3)
varies, with areas of deeper gravel such as on the western side next to Stage 18. As above the
variable depth to gravel is likely to reflect the deposition environment of old eroded channels within
the gravel that are now infilled.

s In the upper soil profile in the southern section of the site there are soft silt layers interbedded with
firm and stiff silt layers. Generally, these soft layers are limited in thickness ranging from 0.2m to
0.5m thick and are typically below 2.5m depth.

The ground conditions encountered in Stage 19 to 24 are consistent with those of the previous subdivision
stages to the west,

5.2.2 Groundwater

The depth to groundwater is considered critical in the determining the likely site performance and therefore
our assessment of the groundwater level has been carried out based on the ECan groundwater model,
piezometer readings and groundwater levels encountered during the investigations.

ECan groundwater models available on Canterbury Maps, provide a depth to groundwater for wells installed
at depth, presumably measuring piezometric pressures in the underlying gravel formations. A review of
shallow wells located nearby monitored by ECan since 1980’s indicates variable groundwater levels over the
year with deeper groundwater levels from late November to early May and higher levels from late May to
early November. The groundwater variability over the course of the year ranges from 0.8m to 1.2m. So,
groundwater levels are expected to vary seasonally or with period of high or low precipitation.

Shallow piezometer readings indicate groundwater levels in the order of 1.4m to 1.5m depth, with the
exception of BH203 adjacent to the stream, which indicates groundwater at 1m depth. The relative levels
(RL) based on these depths are presented in Table 7.
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Table 7: Groundwater levels and relative levels

BH201 14 8.6

BH202 1.5 7.8
BH203 1.0 3

BH204 1.5 6.6
BH205 1.5 8.7

Boreholes BH201 and BH205, installed in the underlying gravels, have consistent groundwater levels and
RL, which is likely to represent the sub-artesian groundwater levels within the gravel. It is anticipated that
this groundwater level will vary depending on the time ot year and the recharge of the gravel layer. Given
that this artesian pressure is within the gravel layer, it is not anticipated to govern the shallow groundwater
level in the overlying soils, or influence the site liquefication potential.

Boreholes BH202 to BH204, installed at shallower depths, are likely to represent the phreatic groundwater
surface across the site. Based on a review of the groundwater depth, the depth to groundwater appears to
be consistent across the site at 1.5m depth but is a 1m depth near the stream running through the centre of
the site. The shallower depth may be influence by the presence of ponded water in the stream channel, or
possibly there is a zone of elevated groundwater levels due to the interaction of the stream and groundwater
levels in the underlying soil profile. Reviewing the groundwater level RLs indicates a general fall in water
level towards the south, with an elevated RL around the stream.

The levels in Table 7 above were taken in late May, and based on water levels in the ECan wells are likely to
be above median groundwater levels and hence, are considered to be suitable for assessing the site future
land performance. The groundwater levels across the site are presented in Figure 9 in Appendix A.

The groundwater levels in Table 7 have been compared to groundwater levels encountered during the
course of the various investigation, from observations within test pits and boreholes, and from dipping CPT
holes. Although observations during investigations may not be accurate as measured groundwater levels,
there does appear to be a reasonable level of correlation between groundwater levels in the test holes and
the piezometric information on Table 7 discussed above.

It is noted that the groundwater levels in the northern part of the site are higher than those measured in the
adjacent previous stages (Stage 10 to 18), but the site topography in Stage 19 to 24 is slightly lower, which
will account for the relatively higher groundwater level. Further to the south a higher groundwater level of 1m
has been used in the past on the previous stages, but given that the above groundwater levels have been
measured from piezometers we consider the levels in Table 7 to be more accurate.

5.3 Site Flexibility

We have assessed the site flexibility based on the following:

e Site stratigraphy comprises approximately sands and silts underlain by gravels to at least 15m depth
{maximum depth investigated at the site).

e Clause 3.1.3 and Table 3.2 of NZS 1170.5:2004.

We consider that the site subsoil category in terms of NZS 1170.5:2004 Clause 3.1.3 is Class D (Deep soil
site).
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54 Liquefaction Assessment

5.4.1 General

Under cyclic loading (i.e. during an earthquake) loose, non-cohesive materials such as gravels, sands, silty-
sands, tend to decrease in volume. This tendency to decrease in volume is much greater in loose than in
dense soils. When loose non-cohesive soils are saturated and rapid loading occurs under undrained
conditions, the soils densification causes pore water pressure to increase. The increase in pore water
pressure results in a loss of soil strength due to a decrease in effective stress and eventually liquefaction
occurs when the effective stress drops to zero. Liquefaction can lead to large displacements of foundations,
flow failures of slopes and ground surface settlement, sand boils, and post-earthquake stability failures.

In determining the liquefaction potential at the site, the main factors to be considered are:

* How has the site performed during the major seismic events of the Canterbury earthquake
sequence?

¢  Which layers have liquefied?
e Whatis the likelihood of further liquefaction in the future?
» How the potential liquefaction affects the development?

Each of these is considered below.

Observations after Previous Major Earthquake Events

As outlined in Section 3.4 there is no evidence of liquefaction observed at the site after the 4 September
2010 Darfield Earthquake or any subsequent earthquakes during the Canterbury Earthquake Sequence.
This suggests limited potential for soil liquefaction at the site for shaking levels close to a ULS design event.

Potential for Liquefaction

Three primary factors contribute to liquefaction potential:
s Soil grading and density.
s Groundwater.
s Earthquake intensity and level of ground shaking.

Each of these is discussed below.

Soil Grading and Density

The CPT logs show layers of loose to medium dense sands, silty sands and sandy silts. These layers are
considered to be potentially susceptible to liquefaction from a soil grading and density perspective.

Groundwater

We have adopted a groundwater level of 1.5m below ground level for most of the site with an elevated
groundwater level at 1m around the stream. Therefore, soils are potentially liquefiable from a depth of 1m to
1.5m from a saturation criterion. It should be noted that groundwater levels are subject to seasonal changes.
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Earthquake Intensity and Level of Shaking

The level of ground shaking is one of the key factors in determining whether liquefaction will or will not occur.
For this analysis, we have assessed three design levels of shaking. The residential structures to be
constructed on site will likely be classified as Importance Level 2 (IL2) structures in accordance with Table
3.2 of the New Zealand structural loadings standard (NZS 1170.0.2004) and the building will have a nominal
50 year design life. To determine the design level for earthquake shaking we have adopted the MBIE/NZGS
(2016) recommendations, which correspond to design level earthquake events as follows:

e ULS shaking a Mw7.5 earthquake with 0.35g peak ground acceleration (PGA)
e SLS-a shaking a Mw7.5 earthquake with 0.13g PGA

e SLS-b shaking a Mw6.0 earthquake with 0.19g PGA

For an Ultimate Limit State (ULS) earthquake, buildings are expected to retain their structural integrity and
form and not endanger life. Some plastic deformation of structural elements within the structure is expected
to occur but ideally the damage can be repaired and the structure can be returned to service after the event,
although repair may be uneconomical.

For a Serviceability Limit State (SLS) earthquake, buildings are expected to perform well for the SLS event
and be returned to service after limited repair.

In addition, we have assessed two peak ground acceleration cases of the 4 September 2010 earthquake
event as a back analysis of past event to calibrate the liquefaction assessment. We have considered the

4 September 2010 Darfield earthquake as there is PGA data available from the O'Rourke et al (2012) model
that extended into Lincoln area. The model indicates PGAs of 0.33g.

Based on this PGA model and the MBIE Guidelines (2012) the site has been ‘sufficiently tested’ as the PGA
for the 4 September 2010 event exceeded 170% of the SLS PGA (i.e. 1.7 x 0.13g = 0.22g). For the
assessment we have used a PGA of 0.33g as well as a lower bound PGA of 0.19g (i.e. 0.33g/1.7) to account
for any uncertainty in the model. The levels of shaking used for our analysis are presented in Table 8.

The 4 September 2010 event shaking parameters are similar to ULS design event, while the lower bound 4
September 2010 event shaking parameters are similar to SLS-b design event. Given these comparable
ground shaking parameters and that the site has been sufficiently tested, we consider the ground damage
observations at the site after the 4 September 2010 earthquake event can be used to calibrate our
liquefaction assessment.

Table 8: Earthquake design level events for liquefaction analysis

4 September 2010-a Mw7.1() 0.33g™

4 September 2010-b Muw7.1 0.19g®@
uLS Mw7.5 0.35g
SLS-a Mw7.5 0.13g
SLS-b Mu6.0 0.19g

(1) Magnitude and peak ground acceleration from O'Rourke et. al. (2012) (as shown on the NZGD 2018)
(2) Approximately 60% (1/170%) of the peak ground acceleration of the O'Rourke et. al. (2012) to account for
uncertainty of PGA model
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54.2 Liguefaction Potential Assessment

The ground investigations show that the site is directly underlain by sandy and silty soils which in turn is
underlain by predominately gravels with some sand lenses. Based on the geotechnical investigations the
gravels have been assessed to be non-liquefiable in design level events due to the recorded relative
densities and grain size distribution. Therefore, to define the liquefaction hazard at the site we need to
assess the liquefaction potential of the upper soils as well as the sand lenses within the gravel layers.

To assess the liquefaction potential of the sand lenses we have considered the relative density of the sandy
layers from the SPT and shear wave velocity data, and to assess the liqguefaction potential of the upper soils
we have used a cone penetration test (CPT) results.

Liquefaction in the Deeper Soil Layers

Sand lenses within the underlying gravels were encountered in Borehole BH102 (2015) and are inferred from
the MASW soundings, where there are shear wave velocities between 180m/s and 220m/s. The sand
lenses appear to be localised in the northern part of the site.

To assess liquefaction of these sand lenses we have considered:
s  SPT testing undertaken in this layer
e Shear wave velocity profiles obtained from the MASW soundings

o Consideration of past land performance including the mechanism of liquefaction triggering and the
likely damage from it occurring and the previous observed lack of damage.

Using the single SPT (BH102 at 4.56m depth) from a sand lenses we have assessed the liquefaction
potential of this layer based on the Boulanger and Idriss (2014) SPT based liquefaction assessment method
assuming a clean sand. The calculated factors of safety are shown in Table 9.

Table 9: Summary of SPT based liquefaction analysis for sand lenses

4 September 2010-a 0.4

4 September 2010-b 0.7
SLS-a 1.0
SLS-b 0.8
uLs 0.4

From this SPT based liquefaction assessment, the sand lenses are assessed as being liquefiable even at
relatively low levels of shaking. The calculated factor of safety against liguefaction for 4 September 2010
event lies between the factors of safety for a SLS and ULS design event.

To supplement this SPT result we have also considered the shear wave velocity obtained from the MASW
soundings. The sand lenses have a shear wave velocity of less than 215m/s which, based on Idriss and
Boulanger (2008), is the maximum shear wave velocity for liquefiable soils. The liquefaction analysis
considered shear wave velocity from the MASW investigation using the method of Kayen et al (2013). We
have taken the shear wave velocity profiles of MASW Line 4 Chainage 20m and MASW Line 10 Chainage
217m, which both had a low velocity pocket at depth inferred to be sand lenses in the gravel. This analysis
indicates that the sand layers have a factor of safety as summarised in Table 10.
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Table 10: Summary of Vs based liquefaction analysis for sand lenses

4 September 2010-a 051006
4 September 2010-b 091t01.0
SLS-a >1.0
SLS-b >1.0
UuLs 0.4100.5

The shear wave velocity method indicates that there is the potential for liqguefaction of the sand lenses.
However, in MASW Line 4 Chainage 20m the liquefiable layer is at 6.5m depth and in MASW Line 10
Chainage 217m the liquefiable layer is at 7m depth. In both case these are overlain by medium dense to
dense gravel from ground level.

In addition, we have considered the mechanism of the liquefaction process. When loose non-cohesive soils
are saturated and rapid loading occurs under undrained conditions, the soils densification causes pore water
pressure to increase. The increase in pore water pressure results in a loss of soil strength due to a decrease
in effective stress and eventually liquefaction occurs when the effective stress drops to zero. However, as
these sand lenses as surrounded by gravel, drainage is likely to occur, limiting and reducing the build-up of
excess pore water pressure, and thus reducing the liquefaction potential of these sand lenses.

The effects of these sand lenses liquefying also required needs to be considered. The log of

Borehole BH102 indicates 4.5m of medium to very dense gravels overlying the potentially liquefiable sand
lenses, while the MASW profiles indicate 6.5m to 7m of medium to very dense gravels overlying the
potentially liquefiable sand lenses. This depth of gravel will form a thick non-liquefiable crust, which based
onh observations in Christchurch during the CES is likely to supress liquefaction induced ground damage on
shallow founded structures, even if these sand layers were to liquefy.

Lastly, no significant ground damage, including settlement or land cracking, was observed across areas with
and without sand lenses, which suggests that either theses layers did not liquefy, or the upper gravel layer
has supressed the surface expression of liquefaction induced damage in these areas.

Based on this assessment we consider the that liquefaction effects occurring in these deeper localised sand
lenses will have minimal effect on shallow founded domestic structures and therefore we have not
considered it further in our assessment. Instead we have focussed on liquefaction in the upper soils as the
main mechanism that could drive land damage in Stages 19 to 24.
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Liquefaction in the Upper Soil Layers

Methodology

The ability for the subsoils to resist the effect of ground shaking associated with the design level events has
been assessed from the upper subsail information obtained from the CPTs. The liquefaction assessment
was carried out using the methods outlined in MBIE Guidelines (2014) and are summarised in Table 11.

Table 11: Liquefaction Assessment Methodology Summary

CPT : Boulanger and Idriss . Based on a soil Character * Based ona2.6l.cut - Zhang et al (2002)
(2014) Index (Ic) with a Co-efficient  off
for Fines Content (Cr) =0

(1) A 15% probability of liquefaction {(PL) has been considered with all methods.

(2) We note that there is an inherent uncertainty when identifying liquefiable layers in CPT analysis, due to this inherent
uncertainty, calcuiated settlements will likely differ from actual settlements experienced on site.

The fines content fitting parameter has been set as 0 as no laboratory testing has been undertaken on the
soils at the site. Layers within the upper soils were inferred to be clayey silts to organic silts (lc greater than
2.6). As limited laboratory testing has been carried out to aid in determining a liquefaction cut off on the soils
underlying the site, soils have been assumed to be non-liquefiable where the CPT Soil Character Index, I, is
greater than 2.6.

Liquefaction Effects

Liquefaction can have a number of effects on buildings and land. In this assessment we have considered the
following effects:

e Liquefiable layers.
e Liquefaction induced reconsolidation settlement.
e Liquefaction induced ground damage.

These are discussed in the following sections:

Liquefiable Layers

The layers which may liquefy in a design level event are critical in regards to the foundation performance.
The Boulanger and Idriss (2014) method has been used in this assessment and it has been assumed that
soils are liquefiable when the factor of safety is below one.

Liquefaction Induced Settlement

The method of Zhang et. al. (2004) was used for calculating the potential liquefaction induced
reconsolidation settlements in the CPT analysis. Due to the presence of dense gravel from the CPT refusal
depth to at least 10m below ground level, index settiements have been calculated from the CPT data.
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Liquefaction Induced Ground Damage

We have used two methods to assess the potential for liquefaction induced ground damage as outlined

below:

a)

Published information (after Ishihara, 1985) can be used to assess the potential for surface
expression of liquefaction and hence the likelihood of inducing damage. Ishihara’s method is for a
single non-liquefiable layer overlying a single liquefiable layer only. The liquefaction analysis
indicates multiple liquefiable layers within the CPT profiles and to account for this we have taken the
thickness of the non-liquefied crust as the thickness from the ground surface to the top of the
uppermost critical liquefiable layer, and the thickness of the critical liquefied layer as the sum of the
thicknesses of all critical liquefiable layers.

Ishihara’s plots do not explicitly indicate ground damage curves for specific PGAs such as 0.13g
which is the SLS level PGA. To simplify the analysis, we have used following curves to assess the
ground damage:

e The 0.20g curve when assessing damage under SLS design levels of ground shaking and
the lower bound 4 September 2010 Darfield Earthquake.

e The 0.40g curve when assessing damage under ULS design level of ground shaking and the
4 September 2010 Darfield Earthquake.

Tonkin & Taylor (T&T) developed the Liquefaction Severity Number (LSN) (Tonkin & Taylor 2013)
based on investigation data and observations made following major earthquake events in
Christchurch. The LSN uses the settlements calculated from the Idriss and Boulanger (2008) method
with the Robertson and Wride (1998) fines content method and the Zhang et. al. (2004) settlement
method to assess the expected ground damage that could be caused by liquefaction in future
earthquakes. The level of ground damage associated with LSN numbers is summarised in Table 12.

Table 12: LSN descriptions

Little to no expression of liquefaction, minor effects

10-20 Minor expression of liquefaction, some sand boils

20-30 Moderate expression of liquefaction, with sand boils and some structural
damage

30-40 Moderate to severe expression of liquefaction, settlement can cause structural
damage

40-50 Major expression of liquefaction, undulations and damage to ground surface,

severe total and differential settlement of structures

>50 Severe damage, extensive evidence of liquefaction at surface, severe total and
differential settlement affecting structures, damage to services
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Upper Liquefaction Results

The result of the liquefaction assessment for the 4 September 2010 event are summarised in Table 13 and
the results of the design level events are summarised in Table 14. The liquefaction outputs are presented in

Appendix H.

Table 13: Summary of liquefaction analysis for the 4 September 2010 Darfield Earthquake

4 September : Liquefiable Limited layers in Unit Unit 2 below the Unit 2 below the
2010 Darfield Layers" 2 below the water water level water level
Earthquake level
(Mw7.1,
0.33g) Settlement® 0 to 10mm 10 to 55mm 40 to 135mm
Ground No Yes Yes
Damage®
LSN Oto7 6 to 26 12to 35
Comments Little to minor Minor to Moderate Moderate to major
damage damage damage
4 September  Liquefiable . Limited layers in Unit Some of the sandy Some of the sandy
2010 Darfield @ Layers(" 2 below the water layers of Unit 2 below layers of Unit 2 below
Earthquake level the water table the water table
(Mw7.1,
0.19g) Settlement® <10mm 0 to 45mm 35 to 105mm
Ground No Yes in parts of the Yes over half of the
* Damage® site site
LSN Oto4 1to 20 10to 25
| Comments Little to minor Minor damage Moderate damage

damage

(1) Due to the inherent uncertainty in calculating liquefiable layers, the calculated layers are indicative only. Actual
positions and thickness of liquefiable layers could vary from those above.

(2) Settlements are calculated over the full CPT profile. Settiements are presented to the nearest 5mm. Due to the
inherent uncertainty in calculating liquefaction induced settlements, the calculated settiements are indicative
only and actual settlements will vary from those above.

(3) Ground damage based upon published information after Ishihara (1985).

Tabhle 14: Summary of liquefaction analysis for the design level events

ULS Liquefiable Limited layers in Unit Unit 2 below the Unit 2 below the

(1 in 500 year Layers(" 2 below the water water level water level

event) level

{(Mw7.5,

0.35g) Settlement? 0 to 10mm 15 to 60mm 40 to 135mm
Ground No Yes Yes
Damage®
LSN Oto7 7 to 26 1210 35
Comments Little to minor Minor to Moderate Moderate to major

damage

damage.

damage
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SLS-a Liquefiable Limited layers Limited layers Limited layers
(1in 25 year  Layers("
event)
(Mw7.5, Settlement(® <5mm 0 to 15mm 10 to 60mm
0.13g) %
Ground No No No
Damage®
LSN 0 Oto® 3to12
Comments No damage Little to no damage Little to minor
damage
SLS-b Liguefiable Limited layers Some of the sandy Some of the sandy
(1in25year  Layers( layers of Unit 2 below  layers of Unit 2 below
event) the water table the water table
(Mw6.0,
0.19g) Settiement® <bmm 0 to 40mm 30 to 90mm
Ground No No Yes in parts of the
Damage® site
LSN Oto3 0to 17 81to 23
Comments Little to no damage Little to minor Minor to Moderate

damage damage.

(1) Due to the inherent uncertainty in calculating liquefiable layers, the calculated layers are indicative only. Actual
positions and thickness of liquefiable layers could vary from those above.

(2) Settlements are calculated over the full CPT profile. Settlements are presented to the nearest 5mm. Due to the
inherent uncertainty in calculating liquefaction induced settlements, the calculated settlements are indicative
only and actual settlements will vary from those above.

(3) Ground damage based upon published information after Ishihara (1885).

Lateral Spreading

Lateral spreading is a co-seismic effect where surface soils move on a layer, or layers, of liquefied solil
downslope or towards a free edge, such as a river or basin. Lateral spreading can occur during an
earthquake under seismic loading and following the earthquake until the excess pore water pressure caused
by ground shaking dissipate and the soil regains strength.

When assessing liquefaction induced lateral spreading we considered the following:

e There is a small stream which runs through the site which is approximately 0.5m deep and 2m to 3m
wide with no significant bank.

« In the south east corner of the site is a stormwater basin that has been installed as part of the overall
Rosemerryn Subdivision development, which is in the order of 0.5m deep.

e No other significant rivers or significant changes in height are in close proximity to the site.

e The site is relatively level and we understand that there will be no significant change in the site levels
once the development is undertaken.

e We understand that no additional stormwater basins or open channels will be built as part of this
development.

Based on the site topography, the depth of the stream and stormwater basin, and the depth to groundwater
across the site we consider that the global lateral movement and lateral stretch potentials across the site is
considered to be minor or less and will not govern the MBIE Technical Category assessment. It is noted that
TC2 type foundations have the ability to sustain minor levels of lateral movement and lateral stretch. As
such no further assessment of lateral spreading has been undertaken.
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Technical Classification

We have assessed the risk of future liquefaction in terms of the technical category classification system as
per the MBIE Guidelines (2012 and 2014). This classification system is divided into three technical
categories that reflect both the liquefaction experience to date and future performance expectations. The
categories and corresponding criteria are summarised as follows:

¢ Technical Category 1 (TC1) — Future land damage from liquefaction is unlikely, and ground
settlements are expected to be within normally accepted tolerances.

s Technical Category 2 (TC2) — Minor to moderate land damage form liquefaction is possible in
future large earthquakes.

» Technical Category 3 (TC3) — Moderate to significant land damage from liquefaction is possible in
future large earthquakes.

MBIE has indicated the following liquefaction and lateral spreading deformation limits for house foundations
as summarised in Table 15,

Table 15: Liquefaction deformation limits and house foundation implications

Vertical Lateral Spread
SLS SLS uLs
TCA i 15mm 25mm Nil Nil Standard NZS3604 type foundations
with tied slabs
TC2 50mm 100mm  : 50mm - 100mm MBIE enhanced foundation solutions
TC3 >50mm >100mm >50mm >100mm Site specific foundation solution
Discussion

As the Bradley and Hughes (2012a, b) does not extend into Lincoln so we have considered the O’Rourke et.
al. (2012) PGA model which indicates a PGA of 0.33g for the 4 September 2010 Darfield Earthquake event.
Based on the MBIE Guidelines (2012) the site has been 'sufficiently tested’ as the median value for the PGA
for the 4 September 2010 earthquake event exceeded 170% of the SLS PGA (i.e. 1.7 x 0.13g = 0.22g).

No damage was observed on the site due to liquefaction after the 4 September 2010 earthquake event.
Based upon this actual site response we infer that the liquefaction assessment method over estimates likely
settlement and damage under future large earthquakes. Therefore, we have calibrated the liquefaction
assessment based on observations from the previous 4 September 2010 earthquake event.

It is not possible to compare the calculated and actual settlements for the 4 September 2010 Darfield
earthquake event at the site because there is no quality information on actual ground settlements. We can
however make the following comments based on observations of ground performance, and calculated
settlements and ground damage for the three design earthquakes:

* Based onthe GNS (2012) report on liquefaction in eastern Canterbury, discussions with Fulton
Hogan staff and the original farm owner who are familiar with the site, review of aerial photography,
and Aurecon site walkovers in 2011, 2012, 2013 and 2015, no liquefaction induced damage was
noted on the site and its direct surroundings.

e The back analysis of the 4 September 2010 earthquake indicates that moderate to major ground
damage should have occurred when assessing against the measured and lower bound PGA.
However, this calculated level of damage is not supported by field observations
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» For the northern part of the site (Ground Profile 1) where gravel is at shallow depths, the calculated
ULS settlements are less than 10mm and the caiculated SLS-b settlements are less than 5mm which
is consistent with a MBIE TC1 classification.

e To the north of the stream (Ground Profile 2), where the gravel layer is deeper, the calculated ULS
settlements are between 15mm and 60mm and the calculated SLS-b settlements are between Omm
and 40mm which is consistent with a MBIE TC2 classification.

e South of the stream (Ground Profile 3), the calculated ULS settlements are between 40mm and
135mm and the calculated SLS-b settlements are between 30mm and 90mm which is consistent
with MBIE TC2 and TC3 classifications respectively. These calculated settlements are similar to the
4 September 2010 earthquake back analysis.

The back analysis also indicates that in a ULS event moderate to major damage is likely which is
similar those calculated in the 4 September 2010 earthquake event, and in a SLS-b event minor to
moderate damage is likely, which is less than that calculated for the 4 September 2010 earthquake
event lower bound PGA.

The assessment also calculated that lower levels of vertical settlement and ground damage will
occur in a SLS-a earthquake event than the 4 September 2010 Darfield Earthquake.

In summary, south of the stream, the liquefaction assessment overstates the liquefaction potential when
compared to actual site performance as only limited to minor damage was observed at and around the site
after the 4 September 2010 earthquake event but the back analysis indicates that moderate to major ground
damage should have occurred.

Hence, based on our liquefaction assessment, and the observed ground damage we infer that minor to
moderate land damage from liquefaction is possible in future large earthquakes at parts of the site.
Therefore, we conclude:

e The northern part of the site underlain by shallow gravel is consistent with a Technical Category 1
(TC1) classification.

e The remainder of Stage 19 to 24 is consistent with a Technical Category 2 (TC2) classification.

The areas of TC1 and TC2 classified land are shown in Figure 11 in Appendix A.

5.4.3 Summary of MBIE Technical Category Liquefaction Assessment

The liquefaction analysis indicates the following:

e Based on the O’Rourke et. al. (2012) PGA model the site has been “sufficiently tested” (MBIE
Guidelines (2012)) as the median value for the PGA for the 4 September 2010 event exceeded
170% of the SLS PGA (i.e. 1.7 x 0.13g = 0.22g). Therefore, we have used the lack of ground
damage observed at the site after the 4 September 2010 earthquake event to calibrate our
liquefaction assessment.

e The GNS report on liquefaction (GNS, 2012), a review of aerial photography, and site observations
made by Aurecon and Fulton Hogan staff confirms there was no evidence of liquefaction observed at
the site after the 4 September 2010 Darfield earthquake, or any subsequent earthquakes in the
Canterbury Earthquake Sequence.

e In the northern part of the site liquefaction induced settlements and damage are likely to be minimal
and are consistent with a TC1 classification while elsewhere the calculated liquefaction induced
settlements and assessed ground damage are consistent with a TC2 or TC3 classification.
However, when compared to actual site performance, the level of calculated damage is overstated,
as the back analysis indicates that moderate to major ground damage should have occurred, when
only limited to minor damage was observed at and around the site.

e The liquefaction induced lateral spreading potential is considered to be minor.

e Based on our liquefaction assessment and observed ground damage we infer that minor to
moderate land damage from liquefaction is possible in future large earthquakes at parts of the site.
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e Therefore, based on our liquefaction assessment, we consider that the northern part of Stage 19 to
24 is consistent with a Technical Category 1 (TC1) classification and the remainder of the site is
consistent a Technical Category 2 (TC2) classification, see Figure 11 in Appendix A.

5.5 Liquefaction Mitigation

5.5.1 General

We consider that parts of the site in its current assessed state are susceptible to varying degrees of
seismically induced liquefaction in a future major seismic event. In terms of liquefaction hazard mitigation at
this site, and considering the proposed site layout and development, there are two basic approaches
available as follows:

Building Strengthening

Structurally design the building to accommodate the effects of liquefaction. Examples of this include using
raft or piled foundations. These methods do not remove the liquefaction hazard but reinforce the structure in
such a way that it maintains stability during a liquefaction event. This approach is recommended in the TC2
equivalent area.

Ground Improvement

Improve the soil at the site so that it is less susceptible to seismically induced liquefaction. This general
approach can be divided into three categories:
1. Densify the soil so that soil grain skeleton will not collapse under earthquake loading. Examples of
this include compaction and replacement (refilling with material which wilt not liquefy).
2. Soail reinforcement. Examples include stone columns, driven piles to densify and stiffen the soil, deep
soil mixing, soil cement columns etc.
3. Allow dissipation of excess pore water pressure so that liquefaction is reduced. Examples of this
include installation of drains, drainage blankets, and or stone columns.

The recommended approach for liquefaction mitigation in each Technical Category classification zone is
discussed below.

5.5.2 Technical Category 1

As per the MBIE (2012) Guidelines with TC1 sites “Future land damage from liquefaction is unlikely, and
ground settlements from liquefaction effects are expected to be within normal accepted tolerances”. For
Technical Category 1 areas the MBIE Guidelines has recommended Standard NZS3604:2011 type
foundations with tied slabs provided there is suitable bearing.

MBIE Guidelines recommend that a site specific geotechnical assessment be carried out by suitability
qualified chartered engineer with experience in residential house development at the detailed house design
stage.

5.5.3 Technical Category 2

This section provides generic foundation advice for the wider subdivision development. It does not constitute
a detailed design of house foundations. Additional investigations will be required at the building consent
stage for each house to determine the appropriate foundations and to support a building consent application.

It is considered that parts of the site in its current assessed state is consistent with a MBIE TC2
classification. Land with the deformation characteristics of TC2 does not meet the definition of “good ground”
as per the New Zealand Standards (NZS3604 ‘Timber Framed Buildings’ and NZS4229 'Concrete Masonry
Buildings not requiring Specific Engineering Design’) without modification to the standard foundation system
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as described below. The generic foundation types in these documents are not appropriate due to their
potential for damage in liquefaction events.

The risk of building damage due to liquefaction in TC2 land can be mitigated by providing strengthened
foundations, which reduce the differential settlement of the building and are designed to be readily re-
levellable following a major earthquake. There are a range of standard foundation types available for TC2
land which are presented in the MBIE Guidelines and include enhanced raft or rib raft foundations.

Although it is not an explicit consent requirement, we recommend that lightweight cladding and roofing
materials are used on all dwellings in TC2 areas, as reducing the dwelling mass will lead to reduced
foundation movements and less building damage in future large earthquakes.

As part of the detailed foundation design, particular attention should be paid to detailing the connection joints
of buried services (water and sewer pipes, power conduits, etc.) between the house foundation and the insitu
ground. The design should aliow sufficient movement and ductility to account for seismic shaking and
liquefaction induced movement, and to allow for easy reinstatement if they were to be damaged during a
future seismic event.

Other foundation solutions are available (i.e. ground improvement to achieve TC1 site characteristics etc.).
However, these options are unlikely to be economic relative to the options below.

It should be noted that this report provides guidance only on residential foundation desigh and
should not be taken as detailed design. MBIE Guidelines require that for detailed house design, a site
specific geotechnical assessment shall be carried out by suitability qualified chartered engineer with
experience in residential house development.

5.6 Bearing Capacity

The criteria for determining whether suitable founding is available follows that outlined in Section 3 of NZS
3604: 2011 ‘Timber-framed Buildings’. NZS 3604 requires:

Clause 3.4.1

All foundations shall bear on a solid bottom in undisturbed good ground material or upon firm fill where a
certificate of suitability has been issued under NZS 4431.

Where good ground is at a depth greater than 0.6m, the excavation between the good ground and the
foundation base may be filled with mass concrete having a minimum strength of 10MPa at 28 days.

Clause 3.3.7.1

The soil below the underside of the foundations shall be assumed to have a bearing pressure of not less
than 300kPa when:

a) None of the following is encountered below the depth of the underside of the proposed footing
at any test site:

i) Organic Topsoil;

ii) Soft or very soft peat;

iii) Soft or very soft clay;

iv) Fill material except where a certificate of suitability has been issued in terms of NZS
4431;

b) Scala Penetrometer tests conducted in accordance with 3.3.2(a) where the number of blows
per 100mm depth of penetration below the underside of the proposed footing at each test sites

exceeds:
i) Five down to a depth equal to the width of the widest footing below the underside of the
proposed fooling;
ii) Three at greater depths; and
iii) Providing the set blow is relatively uniform, the number of blows per 100mm may be

obtained by averaging the number of blows for depths not exceeding 300mm; and
c) Comparison of results at all test sites show that soil conditions are closely similar at each test
site.
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We interpret Clause 3.4.1 as meaning that if “good ground” is found at less than 600mm depth, the
foundations will comply with the requirements of NZS 3604. Otherwise, specific engineering design is
required.

Based on the available investigation logs it is unlikely that shallow bearing for a typical house foundation of
300kPa ultimate bearing capacity could be achieved in these areas. Therefore “good ground” as per New
Zealand Standards Timber Framed Buildings (NZS3604:2011) and Concrete Masonry Buildings Not
Requiring Specific Engineering Design (NZ2S4229:1999) will not be met and specific ground investigations
and foundation design will be required based at the building consent stage.

Therefore, irrespective of any potential liquefaction risk at the site, typical light weight timber framed or
masonry houses (which would generally be designed within the guidelines of NZS3604:2011 or
NZS4229:1999) will require specific foundation investigation and design. TC2 enhanced slab foundations
are suitable for bearing capacities of 200kPa and can be modified for lower bearing capacities, so it is likely
that TC2 enhanced slab foundations will be suitable for the lower bearing soil as well as mitigation against
liquefaction induced land damage.

It is noted that earthworks across Stages 19 to 24 is likely to include placement of fill. Depending on the
depth of the fill, and provided it is placed to a suitable level of compaction, the earthworks may render the
site compliant with the definition of “good ground”, however this will need to be assessed on a lot by lot basis
as part of the building consent investigations.

Itis noted that soft layers are present south of the stream ranging from 0.2m to 0.5m thick and typically
below 2.5m depth. At these depths, settlement of the soft layer is anticipated to be negligible under
additional surcharge. TC2 enhanced foundation systems are suitable solutions as raft foundations can
distribute the loads and induced deformations to acceptable limits.

In any case, site specific testing (including hand augers and DCPs) will be required on the individual lots to
determine ground conditions and provide bearing capacities of residential building design.
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6 Assessment Against the RMA

Section 106 of the Resource Management Act (RMA) (2017) states infer alia

Consent authority may refuse subdivision consent in certain circumstances

1) A consent authority may refuse to grant a subdivision consent, or may grant a subdivision consent subject
to conditions, if it considers that—

a) there is a significant risk from natural hazards; or
b) Repealed

c) sufficient provision has not been made for legal and physical access to each allotment to be
created by the subdivision.

1A) For the purpose of subsection (1) (a), an assessment of the risk from natural hazards requires a
combined assessment of—

a) the likelihood of natural hazards occurring (whether individually or in combination),; and

b) the material damage to land in respect of which the consent is sought, other land, or structures
that would result from natural hazards; and

c) any likely subsequent use of the land in respect of which the consent is sought that would
accelerate, worsen, or result in material damage of the kind referred to in paragraph (b).

2) Conditions under subsection (1) must be—

a) for the purposes of avoiding, remedying, or mitigating the effects referred to in subsection (1);
and

b) of a type that could be imposed under section 108.

A risk assessment approach has been undertaken on the significant geotechnical hazards that may affect
the site, which is presented in Appendix I.

Based on this assessment we consider that at the site there are no significant geotechnical hazards other
than the potential for earthquake induced soil liquefaction of varying degrees. However, provided that the
geotechnical recommendations provided within this report are followed, and the appropriate engineering
measures are implemented, then we consider that the development is unlikely to be significant affected by
geotechnical hazards nor will the development worsen, accelerate or result in material damage. Therefore,
from a geotechnical perspective we consider that Stage 19 to 24 of the Rosemerryn residential subdivision
development can proceed.
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8 Limitations

We have prepared this report in accordance with the brief as provided. The contents of the report are for the
sole use of the Client and no responsibility or liability will be accepted to any third party. Data or opinions
contained within the report may not be used in other contexts or for any other purposes without our prior
review and agreement.

The recommendations in this report are based on data collected at specific locations and by using
appropriate investigation methods with limited site coverage. Only a finite amount of information has been
collected to meet the specific financial and technical requirements of the Client's brief and this report does
not purport to completely describe all the site characteristics and properties. The nature and continuity of the
ground between test locations has been inferred using experience and judgment and it must be appreciated
that actual conditions could vary from the assumed model.

Subsurface conditions relevant to construction works should be assessed by contractors who can make their
own interpretation of the factual data provided. They should perform any additional tests as necessary for
their own purposes.

Subsurface conditions, such as groundwater levels, can change over time. This should be borne in mind,
particularly if the report is used after a protracted delay.

This report is not to be reproduced either wholly or in part without our prior written permission.
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Borelog for well M36/8674

Grid Reference (NZTM). 1559985 mE, 5167473 mN

Location Accuracy: 2-15m

Ground Level Aftitude; 8.5 m +MSD Accuracy:=25m

Driller: notknown

Drill Method: Rotary/Percussion

Borelog Depth: 6.0 m  Drill Date; 09-Gct-2008

Environment

Canterbury
Regional Council

Hounihiera Talao ki Waitaha

Water Formation
Scaia(m) Leve! Depth{m) Fuil Drillers Description Code
\_ Dark grey joamy topsoil

| 0.20m i
- Very soft light grey, mottled with
=% amnge, sity clay, minarpatches of

= % rusty brown send
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e ==
—g § o=
2 200m [Cet——e. e —=
= = Very soft biue grey sitty clsy (pug)

= %-

| 2.40m f;—__
E= Very soft nlue grey silty ciay with
,_&_-—— patches of rusty brown silty clay and

5.00m
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Borelog for well M36/8675 y Environment
Grid Reference (NZTM). 1560265 mE, 5167627 mN @ canterbury

Location Accuracy: 2-15m R - |. C .L
Ground Level Alfitude: 8.0 m +MSD Accuracy: <2.5m iegionat Lounci
Driller not known Kounihera Talao kil Waltaha
Drill Method: Rotary/Percussion

Borelog Depth: 5.6 m  Drill Date; 09-Oct-2008

Water Farmation
Scake(m) Leva! Depth{m) Full Drillers Description Code
N Dark grey ioamy topsoi
= 0.20m
Soft grey intermixed with brown sitty
clsy. Speckled with patches of orange
H and some timber
1
1.20m
Soft biue grey sitty clay with pieces of
= timber
E=
=
e
2 'E_‘
Es
I =
i E==
=
| %
| =
3 -
3.20m _E=
- '.'_"'_"__ Grey brown sand mixed with soft grey
St == brown sitty clay
.‘.==:.'¢::
==ty ===
3.60m =T Yy —=—
(3 ¢ ¥ -
O‘ . . D N Gray sitty sandy gravel
-.- L 1
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Borelog for well M36/8676 Environment

Grid Reference (NZTM). 1560062 mE, 5167719 mN

Location Accuracy: 2 - 15m gaﬂtE{'EUfy i
Ground Level Altitude: 9.3 m +MSD Accuracy: <2.5m egionat Lounci
Driller: not known Kaunihers Talas ki Waltaha

Drill Method: Rotary/Percussion
Borelog Depth: 5.2m  Drill Date: 09-Cct-2008

Water Farmation
Scalke(m) Leva! Depth{m) Full Drillers Description Code
™7 Dasrk grey loamy topsoil
] 0.20m
Firm grey silty clsy specided with
arange
1 1.00m
Grey sity clay speckled with omnge
sandy sit
1.20m
Soft blue grey sitt with pieces of timber
2
| 2.80m
Blue grey siit with patches of grey
sandy sit
3
3.20m
Grey sandy sitt
3.60m
Grey grave!
4
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] 1000000 0OC
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; 508088a0¢
5 QOO0
EEG DOOOOOOOC
.20m LYYV Y




Borelog for well M36/8679

Grid Reference (NZTM). 1560150 mE, 5167922 mN

Location Accuracy. 2-15m

Ground Level Altitude: 10.1 m +MSD Accuracy: <25 m

Driller: not known

Drill Methad: Rotary/FPercussion

Borelog Depth: 5.8 m  Drill Date; 09-Oct-2008

Environment

Canterbury
Regional Council

Haunihera Talao ki Waltaha

Water Fomnstion
Scsir(m) Leve! Depth{m) Full Drillers Descnption Code
o Dark grey losmy togsoil
| 0.20m i
== Soft light grey & yeliow sitty clay with
- °. minor paiches of usty orange sandy
- io sitt
=2 E 53
o *
1 o?
1.40m _|==
-~ Soft grey sitty clay
ES
2 200m _Fo=s=—=-==
e Soft biue grey sandy sit with pieces of
'_-__— timber
| 2.60m
Soft biue grey silty cley with psiches
of brown sand
3
4 4.00m Sty ==—=",
Firm brown yellow silty clay
| 4.20m
Gray grave!
5

5.80m

00000000 L
Jelelelelelelale]d
00000000C
00000000

e e




Borelog for well M36/8680

Grid Reference (NZTM): 1560211 mE, 5168084 mN

Location Atcuracy. 2 -15m

Ground Level Altitude: 10.1 m +M5D Accuracy: <2.5m

Drller: not known

Drill Method: Rotary/Percussion

Borelog Depth; 6.7 m  Drill Date; 09-Oct-2608

Water
Scale(m) Leve! Depth{m)

Environment

Canterbury
Regional Council

Kouniera Talan ki Waitaha

Full Dritlers Description

Formation
Code

0.20m

Dark grey ioamy topsoi

0.80m

2 2.00m

Firm light grey silty clay mixed with
yellow orange silty clay

Soft biue grey sty clay with minor
patches of ight yellow.

3.20m

6.70m

Gray & light yeilow sitty sand. Sand
facton increasing with depth

POOOOQ000
DOOD00000
BO0O00O00
@Jejslelolelelele
DOOQOQO00
DO0O0OQ00
100 000000C
HOODOD000(
83080858¢
b

DO0000000
DO0000000
500000000
HOOOROQ00
POOOOOO0O
DOOOC000

e

o

Grey gravel. 2-20mm diameter in size.

Stane size increasing with depth
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Lasi Generaled: 1910/2011 12:50:53 p.m.
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aurecon Client:  FULTON HOGAN LAND DEVELOPMENT = H 03
g 4psrrd b Project Name: ROSEMERRYN FARM SUBDIVISION
i Location: SEE PLAN
maneesre T wimamw Project Reference: 224464 Sheet 1 of 1
BOREHOLE INFORMATION CO-ORDINATES N/A L 182011 Lopgedby:  JSM
Driling Mothod:  CAT 312 Track Rig Esstng:  N/A Date Completed: 181082011 pulby,  JSM
Diameter Core:  100mm Norhing:  N/A H Checked by: JSM
Contracior:  McM#@ian Drifing Ground Level: NA Verfiied by JK
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Last Ganerated: 191042011 12:50:53 p.m,

aurecori Client: FULTON HOGAN LAND DEVELOPMENT BH04

e i i Project Name: ROSEMERRYN FARM SUBDIMMISION
v 8140 Location: SEE PLAN
a’;‘."‘.;,.,.. T wiaimon  PrOject Reference: 224464 Sheet1 of 2
BOREHOLE INFORMATION CO-ORDINATES NA Dale Slarted; 15/08/2011 Logped by:  JSM
Dgilhn Mathod: CAT 312 Track Rl Easting: NA Daie Complated: 1500/2011 gt by: JSM
Dinmeter ¢ 100mm Narthing: NFA Inclination; 0 Checked by: JSM
Contractor: Mchilian Driling Ground Level: NA Ovlertation: Verified by JK
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J§/2 Meterial Description HE I § |3
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3 i
1 TOPSOIL SILT with trace sand and occaisional
o .. roollets; Dark brown. Firm. Molst, Low plasticity. .
Sand fine grained, M
X SILT with minor sand; Yellow brown. Low plasticily.
xt  Firm. Moist. Sand fine to medium grained. 0
- x|
! - x -
| <] Sity SAND; Dark biue grey. Loose fo medium dense. 7
<:f  Molstto wet. Sand fine fo medium grained. =
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CPT ANALYSIS NOTES

Soil Type

Interpretation using chart of Robertson & Campanella (1983). This is a simple but
well proven interpretation using cone tip resistance (gc) and friction ratio (fz) only. No
normalisation for overburden stress is applied. Cone tip resistance measured with
the piezocone is corrected with measured pore pressure (ug).

sand (and gravel)
silt-sand

silt

clay-silt

clay

peat

Liquefaction Screening

The purpose of the screening is to highlight susceptible soils, that is sand and silt-
sand in a relatively loose condition. This is not a full liquefaction risk assessment
which requires knowledge of the particular earthquake risk at a site and additional
analysis. The screening is based on the chart of Shibata and Teparaksa (1988).

I high susceptibility
medium susceptibility

!

low susceptibility

High susceptibility is here defined as requiring a shear stress ratio of 0.2 to cause
liquefaction with Ds, for sands assumed to be 0.25 mm and for silty sands to be 0.05
mm.

Medium susceptibility is here defined as requiring a shear stress ratio of 0.4 to cause
liguefaction with Dsp for sands assumed to be 0.25 mm and for silty sands to be 0.05
mm.

Low susceptibility is all other cases.

Relative Density (Dg)
Based on the method of Baldi et. al. (1986) from data on normally consolidated sand.

Undrained Shear Strength (Sy)
Derived from the bearing capacity equation using Sy = (gc —ovo)/15.

McMILLAN

DRILLING SERVICES
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

q. (MPa)
20 30

Type

Job No:
CPT No:

Project:

Location:

10 5
Friction Ratio (%)

9402
CPTu018
FH C/o Aurecon

Rosemerryn, Edward St, Lincoln

Date:

Operator:

Remark:

Liq

Dr (%) Su (KPa)
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27/08/11
J. Kendrick
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

. (MPa) Type Liq
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Job No: 9402 Date:
CPT No: CPTu019 Operator:
Project: FH C/o Aurecon Remark:
Location: Rosemerryn, Edward St, Lincoln

1] (i f
=

Dr (%)
0 20 40 60 80

Su (KPa)
0 40 80 1201602

27/08/1
J. Kendrick

Effective Refusal
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

qc(MPa) Type Liqg Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu020 Operator: J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal
Location:; Rosemerryn, Edward St, Lincoln
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

d. (MPa) Type Lig Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu021 Operator: J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal
Location: Rosemerryn, Edward St, Lincoln
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

d. (MPa) Type Lig Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu022 Operator:  J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal

Location: Rosemerryn, Edward St, Lincoln MCM I l lAN

DRILLING SERVICES



PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

q. (MPa) Type Liq Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu023 Operator: J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal

Location:

Rosemerryn, Edward St, Lincoln
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

d. (MPa) Type Liq Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu024 Operator: J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal

Location: Rosemerryn, Edward St, Lincoln MCMI l lAN
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

9. (MPa) Type Liq Dr (%) Su (KPa)
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Job No: 9402 Date: 27/08/11
CPT No: CPTu025 Operator:  J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal

Location: Rosemerryn, Edward St, Lincoln M(M I l lAN
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PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

9 (MPa) Type Liq Dr (%) Su (KPa)
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|
8
10
10 5
Friction Ratio (%)
Job No: 9402 Date: 27/08/11
CPT No: CPTu026 Operator: J. Kendrick
Project: FH C/o Aurecon Remark: Effective Refusal
Location

: Rosemerryn, Edward St, Lincoin M cM I l lAN

DRILLING SERVICES



PIEZOCONE PENETROMETER TEST (CPTU) INTERPRETIVE REPORT

. (MPa) Type Liqg
0 0 10 20 30 40 50
o I —1
2 =
4 ! il ml
6 —
8
10
10 5
Friction Ratio (%)
Job No: 9402 Date:
CPT No: CPTu027 Operator:
Project: FH C/o Aurecon Remark:
Location: Rosemerryn, Edward St, Lincoln

Dr (%)
0 20 40 60 80 0 40

Su (KPa)

80 120 160 2

27/08/11
J. Kendrick

Effective Refusal

McMILLAN

DRILLING SERVICES



Last Generated: 29/09/2011 10:02:29 a.m.

aurecon

Aixecon (New Zeslaxd) Lmitsd
Untt 1, 150 Cavendish Rd

Client: FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN

TP33

Cremrnetao Location: SEE PLAN
aran e aame  Project Reference: 224464 Sheet 1 0f 1
Exll ez ch o samongrong am
TEST PIT INFORMATION CO-ORDINATES N/A Date Started:  9/09/2011 Logged by: LFS
Excavalor Type: 30t Excavator Easting: 1560049 m Date Completed: 9/09/2011 !nput by: LFS
Test Pit Dimensions: Nerthing: 5168133 m Checked by: JSM
Contractor: Fulton Hogan Ground Leval: N/A Verifiedby: JK
E S ©» 2 —_
E o | B 3 8 & E
- a > © ) i3] . . g
£ £ ] £ 8 ge Soil Description 2
=% [} (oY > & S ©
[ 7] Fi) ® 5 = >
[m] - o [ o
g O & b i
NLINLAR TOPSOIL SILT with trace sand and occaisional rootlets; Dark brown. Firm,
ERTRRYE = Moist. Low plasticity. Sand fine grained.
: SAND: Grey with orange brown mottling. Loose. Moist. Sand fine grained.
0.5 —
1.0 —
1.5 —
O 180
a7 ) e Sandy GRAVEL; Grey with brown sand. Dense. Wet to saturated. Gravel fine
1 ol “qi; 1o medium grained, rounded to sub-rounded. Sand fine grained.
20 — o BN
b Qo
Q-B" o
D)
b6
D e
25 - N
RS
pQ T
! 3'B°ﬁ3..° 16
- End of Tes! Pit at 2.8m (GW Reached)
3.0 —
35 -+
4.0 —
45
) Logged by: LFS
Remarks: Input by: LFS
Groundwater @ 2.8 Checked by: JSM
roundwater @ 28m Verified by:  JK
Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: COPY OF CHCH LIBRARY MARCH 2011.GLB, Data femplate: CHCH BATA



Last Generated: 5/04/2018 10:28 45 AM

aurecon

Aurecon (New Zealand) Limied
122 Gloucesler Streel

PO BOX 1081

Chnutshnreh #1480

New Zealand Telohone +64 3 366 0821

WWWLBLPSESngroup com Fazsemia  +54 3 2706955

Emal @ap

Client:

FULTON HOGAN LAND DEVELOPMENT

Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

Project Reference: 224464

TP34

Sheet1 of 1

TEST PIT INFORMATION
Excavator Type: 30t Excavator
Test Pit Dimensions:

Contractor: Fulton Hogan

CO-ORDINATES NZTM Date Started: 9/09/2011
Easting: 1559946 m Date Completed: 9/09/2011
Northing: 5167634 m

Ground Level: N/A

Input by:

Logged by: LFS

LFS

Checked by: JSM
Verified by:  JK

E o ) 2 —_
— ~ n =
£ o I 3 = ,.€ g
| g g 2 g £ Soil Description -5
3|l s lz| @8 2 g5 of mesenp E
= I (T 3 g o
; [ ks T8
[N/ TOPSOIL SILT with trace sand and rootlets; Dark brown, Firm. Moist. Low
RPN Y plasticity. Sand fine grained.
R 030
e SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity.
X X
0.5 7] X x X x Shear vane at Packel
x x | 0.5m Penelrometer
44124kPa al D.5m
Ke X kPa kN/m? 070
CRTEM Rks Sandy SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity. Sand
Xt K fine grained.
® o
10 - * x w x- Shear vane at Pockel
% x| 1m Penetrometer
& —_ s 107/18kPa al im
X, X ol kPa KN/m?
R X kP
S 8
*®- -
t .
XL
1.5 = i ) i 3 ;shsear vane at Pockel .
s s i m Per
A R 2T 2Rs 2 digm Sandy SILT; Blue grey. Soft. Saturated. Low plasticity. Sand fine grained.
5 o tPa
i k4 x *
] L
- ' x' x'
K - X
20 — K%
- B
.. A
w 3
L X £
E
e ®
X X
e
25 — it
XXy
X . X
= B4
® ® !
X X
- L
] g
WE LR
3.0 — W T
i
K ¥ 320
End of Test Pit at 3.2m (Pit Collapse)
35 —
4.0 —j
45
. Logged by: LFS
AL Input by: LFS
Groundwater seepage @ 1.6m Checked by: JSM
Tree roots @ 1.8m Verified by:  JK
Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018



Last Generated: 5/04/2018 10:28:47 AM

aurecon

Aurecon {New Zealand) Limiled
122 Gloucester Sireel

PO BOX 1061

Chnstchurch B140

Client:

FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION

Location: SEE PLAN

TP35

sy e aesveiee  Project Reference: 224464 Sheet 1 of 1
Email ehasithurchBee sreccngtu.com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: ~ 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560024 m Date Completed: 9/09/2011 Input by: LFs
Test Pit Dimensions: Northing: 5167818 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
€ o ® 2 —_
E o | B 3 & = E
e a 2 %) o 3k . - 5
S g 3 = s g e Soil Description 2
3 © . =% = ag ©
@ (%5} ) © @ = >
e = o 2 e o
; ) 2 L
AEAEREAS TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist, Low
KTARY) plasticity. Sand fine grained.
NEVRAN VRN &30
e SILT with miner sand. Grey with orange brown mottling. Firm. Moist, Low
x  x% o plasticity. Sand fine grained.
0.5 = ey SAND with minor silt. Grey with orange brown mottling. Loose. Moist. Sand
fine grained.
100
10 = SILT with minor sand and tree roots. Grey with orange brown mottling. Firm.
x % - Wet. Low plasticity. Sand fine grained.
: SAND. Grey. Loose to medium dense. Wet. Sand fine grained.
1.5
2.0 —
240
™ ™ SILT with minor sand and tree roots. Grey with orange brown mottling. Firm.
25 x X L5 Vet Low plasticity. Sand fine grained.
e SAND; Brown. Loose to medium dense. Moist. Sand fine grained.
3.0 —
Y «| 20
\ ek .., Sandy GRAVEL,; Brown. Dense. Wet. Gravel medium to coarse grained.
= \Rounded. Sand medium grained.
End of Test Pit at 3.3m (GW Reached)
35 o
4.0 —
45 -
Remarks: Logged by: LFS

Groundwater seepage @ 1.0m

input by: LFS
Checked by: JSM
Verified by:  JK

Sheet 1 of 1

Dalabase File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generaled: 5/04/2018.



Last Generated: 5/04/2018 10:28:48 AM

aurecon

Aurecon {New Zealand) Limiled
122 Gloucester Sreel

PO BOX 1061

Chnsichurch B140

Clientt FULTON HOGAN LAND DEVELOPMENT T P36
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

g:;f_‘g‘;mm T o s Project Reference: 224464 Sheet 1 of 1
mail chnsichurch@ap aureconaroun.com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560102 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5168002 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by.  JK
— ” .
- El @ § 8 E
o ) — = N
£ g' g 2 ) 3¢ Soil Description §
5 S
a © - = % &5 P ®
= » ] N § £ S
o . 15 b 2 o
; w s L
EZRNEZAR TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
[RTSRY - plasticity. Sand fine grained.
> SILT; Grey with brown mottling. Firm. Wet. Low plasticity.
X "
X
X o
0.5 7 ® x * Shear vane at Pockel
0.5m Penetrometer | 08¢ . _ = _
"""" osskba 2L Do SAND:; Dark brown. Loose. Moist. Sand fine to medium grained.
1 IkPa
1.00
1.0 SAND with some silt; Dark brown with orange brown mottling. Loose. Moist.
120 Sand fine to medium grained.
SAND with some silt; Grey. Loose. Wet. Sand fine to medium grained.
= 150
ES o SILT with some tree roots; Dark blue grey. Loose to medium dense. Wet.
| » 1 grey
« Sand fine grained.
® & w
E3
X x
X
20 — X 1 eeX 200
’ R SILT with tree roots; Dark grey. Firm. Wet. Low plasticity.
x X
X
x X
£ s x 2.40
25 G SAND; Dark brown. Medium dense. Moist. Sand fine grained.
! EE
B End of Test Pit at 2.8m (GW Reached)
3.0 —
3.5 =
40 —
45 -
. LFS
Remarks: Logged by

Groundwater seepage @ 1.2m
Tree roots @ 2m

Input by: LFS
Checked by: JSM
Verified by:  JK

Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010,GDT, Last Generated: 5/04/2018



Last Generated: 5/04/2018 10:28:48 AM

aurecon

Aurecon (New Zealand) Limited
122 Gloucester Sireet

PC BOX 1081

Chnslchureh B140

New Zealand Telephone +64 3 366 0821

WA SUBON DUl GO Facwrnte <84 TITH OS5

Email_christchurch@ap aurecongroup com

Client:

FULTON HOGAN LAND DEVELOPMENT

Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

Project Reference: 224464

TP37

Sheet 1 of 1

TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1559999 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167503 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
= ] =
2 ‘E’ e i 8 IE
)] o) — = -
= a z o ] g D .
= ] i nti =
é % - £ % § S Soil Description E
o - X0 2 8§ g ©
gl e 5 | 2 -
A2 TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
RIS plasticity. Sand fine grained.
J RN (52
T - - - - - —
- SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity,
X X
05 T % x X Shear vane at Packel
o x x | 0.5m Penelrometer
x x 98/27kPa at 0 52m:
4 1kPa KN/m' 6T _ i _
GO M Sandy SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity. Sand
1 M. e fine grained.
4 - X"
1 0 A » f % % Shear vane al Pockel
¥ N % m: Penetromeler
A = 121/21kPa al1m
X X, kpa kN/m
.- % kPa
x B
v Rt
xoox
S L
1.5 o %, x % | Shear vane at Pockel
e % | 1.5m Penetromeler
» w | 38/12kPa al 1.5m:
|| kPa kN/m*
XX | kea
® X
® X,
-% - %
x =
20 — % ® 2.00 _
’ SAND; Dark red brown. Loose. Wet. Sand medium grained.
25 A
] LN 140
R SAND with some silt and tree roots; Dark blue grey. Medium dense. Wet,
1 % Sand fine to medium grained.
4 el
& e, x %
o %
X *
3.0 — o x|
" x
» x
o x )
A e i
* X
x X
x %
4 4
35 = £ %
x .
il ® Koo
.‘. b4
AN
= x
1 *® L
4 SxK x.
* x
4.0 — D 200 : _
: End of Test Pit at 4m (Pit Collapse)
45 -
Logged by: LFS
Remarks: Input by: LFS
Groundwater seepage @ 2.0m ChPT(?ked by: JSM
Tree roots @ 3.6m Verified by:  JK
Sheet 1 of 1

Dalabase File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010,GDT, Last Generaled: 5/04/2018,



Last Generated: 5/04/2018 10:28:49 AM

aurecon

Apecon iNea Zealandi Lired
122 Gloucester Sireet

PO BOX 1081

Chnslichurch 8140

Client:

FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION

Location: SEE PLAN

TP38

e e o mess Project Reference: 224464 Sheet 1 of 1
Ems  chnuichyrch e sonesong oo tom
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560038 m Date Completed: 9/08/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167585 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
E 5 2 G o
_ - ? ki E
Eleflg| 2| 4 | 53 N
Nl @ 15} [= X o A T 9
= E - £ % ng_ % Soil Description =
8 0 2 i g g 3
= —
g ° | & | ¢ :
/NN TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
SRV o plasticity. Sand fine grained.
LA SAND; Dark grey. Loose to medium dense. Moist. Sand fine grained.
05 -+
1.0 — : — - - - - —
’ N SILT with some peat inclusions. Light blue grey. Soft. Wet. Low plasticity.
X < X «
X X
X X
X X
X X
Ll x 1.50
1ES SAND with tree roots; Light blue grey. Loose. Moist. Sand fine grained.
2.0 —
25
270
Gravelly SAND; Light brown. Medium dense. Moist. Gravel fine grained. Sub
angular. Sand fine to medium grained.
3.0 —
A 4
- End of Test Pit at 3.1m (GW Reached)
35 -
40 —
45 -
]
Remarks: Logged by: LFS

Tree roots @ 2.5m
Groundwater encountered @ 3.1m

Input by: LFS
Checked by: JSM
Verified by:  JK

Sheet 1 of 1

Dalabase File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Data template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018



(]
aurecon Client: FULTON HOGAN LAND DEVELOPMENT TP39

Last Generated: 5/04/2018 10:28:50 AM

ey i Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Crmaiur 2140 Location: SEE PLAN
imarsmencen  tann o5 sews Project Reference: 224464 Sheet 1 of 1
Emal chrislchurch@ap aurecongroup.com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 301 Excavator Easting: 1560077 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167687 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
E o 2 2 —_
— ~ 7] E
El1 g 3 5 ‘sﬁ =
g £ g B s 5y Soil Description 2
= o e oo @
3 » | g o 5 5 s
gl o] s | e g
NEZSNEZARN TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
TR plasticity. Sand fine grained.
L2y 4 L J 020
K SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity,
£ X - X
X X
05 —H x %
X X
® X
X X
b4 X
X X
X X
X X
w & - N 1.00
sl eHREE Silty SAND; Grey with orange brown mottling. Loose. Moist. Sand fine
g e o igale ] grained.
> x
X x
x x
4 b4
15 - - r - x i} 1.5
: SAND with tree roots; Blue grey. Loose. Wet. Sand medium grained.
2.0 —
25 A
3.0 — v
110
- End of Test Pit at 3.1m (GW Reached)
3.5 4
4.0 —
4.5 -~
. Logged by: LFS
Remarks: Input by: LFS
Tree roots @ 1.5m Shelgkgdbby: :JJEM
erified by:
Sheet 1 of 1

Dalabase File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Data template: CHCH DATA TEMPLATE NOV 2010,GDT, Last Generaled: 5/04/2018,




Last Generated: 5/04/2018 10:28:50 AM

aurecon

Aurecon (New Zealand) Limited
122 Gloucester Sireet

PO BOX 1061

Chnstchurch 8140

New Zealess Teleghane +64 3 366 0821
wew arecsngroupcom  Facseie +64 3379 6955

Emal_chnsichurch@ap aurecongroup com

Client: FULTON HOGAN LAND DEVELOPMENT

Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

Project Reference: 224464

TP40

Sheet 1 of 1

TEST PIT INFORMATION

CO-ORDINATES NZTM Date Started: 9/09/2011

Logged by: LFS

Excavator Type: 30t Excavator Easting: 1560116 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167779 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
E o] 2 2 =
E| o |3 3 & = ‘E’
= £ g 2 . 3¢ Soil Description 2
2 © E ol <z g5 =
8| ® | e g 5 E o
] (@] = 5 =
= N 2
NUZNEZAR TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
KT plasticity. Sand fine grained.
KEARRTA N
!, . N 1; N ’/‘
0.5 Al S
RV
X SILT; Grey with orange brown mottling. Stiff. Moist. Low plasticity.
- X X x X
X X
10 ] x & X x Shear vane at Pocket
x x m Penetrometer
92/27kPa al1m
X8 X IkPa kN/m* 130 -
e SILT with tree roots; Light blue grey. Firm. Wet. Low plasticity.
i X . X
X X
1.5 - X X
X X
X X
X X
X X
x X .80
: SAND with trace silts; Light grey. Loose. Wet. Sand fine grained.
] 2.00
20 SAND; Brown. Medium dense. Moist. Sand medium grained,
25
.0
SAND; Light grey. Medium dense. Moist. Sand fine grained.
— .00
S SAND with tree roots; Light grey. Medium dense. Moist. Sand medium
grained.
35 H T S — —
| e = SILT; Light blue grey. Soft. Wet, Low plasticity.
il X x X
X X
x X
X ks
| Y = >
4 4 0l
A : End of Test PR at 4m (GW Reached)
45 =
) Logged by: LFS
Remarks: Input by: LFS
Groundwater seepage @ 1.6m She_;;kgdbby: jEM
erified by:
Sheet 1 of 1

Database File: TEST PITS,.GPJ, Library: CHCH LIBRARY FEB 2011,GLB, Dala template: CHCH DATA TEMPLATE NOV 2010,GDT, Last Generated: 5/04/2018,



Last Generated: 5/04/2018 10:28:50 AM

aurecon

Aurecon (New Zealand) Limiled
122 Gloucesler Streel

Client: FULTON HOGAN LAND DEVELOPMENT TP41
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION

R Location: SEE PLAN
e reame ossmesss Project Reference: 224464 Sheet 1 of 1
Email chnstchurch@ap aurecongroup.com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started:  9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560155 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167871 m Checked by: JSM
Contractor: Fulion Hogan Ground Level: N/A Verified by:  JK
€ o @ B =
—_ ~ r £
£ o) D 3 2 _ % =
g a > o o R ! . 5
£ E 9 z k3 g e Soil Description 2
© — a B ] ©
S| e |z]| &g 3 5 o
= c b
gl e 5 | ¢ §
IZBNEZARN TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
[T o PlBSticity. Sand fine grained.
SAND; Brown with orange mottling. Loose to medium dense. Moist. Sand fine
grained.
0.5 -
1.0 —
s * 120
T Sandy SILT with tree roots; Dark blue grey. Soft. Wet. Low plasticity. Sand
R fine grained.
.t ®
X %
1.5 - TR ]
» b P
SR s T
4 x -
x x|
® v ®l
X o
® x .
xS X,
2.0 — X e ¥
X ey 210
% - SILT; Grey. Soft. Wet. Low plasticity.
X X
X X
! X X 240
05 il - End of Test Pit at 2.4m (GW Reached)
3.0 —
3.5
4.0 —
45 -
) Logged by: LFS
R Input by: LFS
Groundwater seepage @ 1.6m Chggked by: JSM
Grondwater encountered @ 2.4m Verified by:  JK
Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Data template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018



Last Generated: 5/04/2018 10:28:51 AM

aurecon

Aurecon {Nev/ Zealand) Limiled

122 Gloucester Streel

PO BOX 1081

Chnsichurch B140

Men Jealart Tebeghorme +64 3 366 0821

Client: FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

TP42

AN BUTBES gIOUP COM Facseple  +54 3 370 6955 PrOJ eCt Reference: 224464 Sheet 1 of 1
Email_chnsichurch@ap aurecongroup com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560184 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167963 m Checked by: JSM
Contractor: Fulion Hogan Ground Level: N/A Verified by:  JK

E - @ £ _
3 o I5] et i “E E
= oy > o g T3 ) " 5
2 E | 3 < g SE Soil Description S
Blo sl g 1 | % :
Bl © % g i
EZERNIZZR TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
CTARY, plasticity. Sand fine grained.
Ll 020
SR Sandy SILT; Brown, Firm. Moist. Low plasticity. Sand fine grained.
= . & = i
k4 X
0.5 x o¥
X i o
g SAND; Orange brown. Loose to medium dense. Moist. Sand fine grained.
1.0 — - ]
[% L SILT with tree roots; Grey. Soft. Wet. Low plasticity.
X X =
X X
15 = X X
X X 1.60
R SAND; Grey. Medium dense. Wet. Sand fine grained.
— 200
el SAND; Brown and grey. Medium dense. Wet. Sand fine grained.
25 -+
3.0 —
35 A
! B:EE
B End of Test Pit at 3.8m (GW Reached)
4.0 —
45 -
. Logged by: LFS
Remarks: Inputby:  LFS
Groundwater seepage @ 1.8m Checked by: JSM
Tree roots @ 1.8m Verified by:  JK
Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011,GLB, Data template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018,



Last Generated: 5/04/2018 10:28:52 AM

aurecon

Aurecon (New Zealand) Limited
122 Gloucester Sireet

PO BOX 1061

Chnstchureh 8140

Client:

FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION

Location: SEE PLAN

TP43

wanmgonean e csmesss Project Reference: 224464 Sheet 1 of 1
Emall chnsichurch@ap.aurecengroup.com
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/08/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560233 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5168055 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
= £ 2 3 i 2
Elg|T| ¢ 53 =
(&) =
< a o < £3 i ot S
=1 g - £ % 5 £ Soil Description =
g | o | & S 5 % o
5] O & © ]
; o
NI/ TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Maist. Low
RRUARY - plasticity. Sand fine grained.
SAND; Brown with orange mottling. Loose to medium dense. Moist. Sand fine
grained.
0.5 -+
‘s ale e 0.80
prllo Sandy GRAVEL,; Grey with brown sand. Loose to medium dense. Wet to
1 GEBO‘:S: saturated. Gravel medium to coarse grained. Rounded to sub-rounded. Sand
1.0 — VRN fine grained.
Q' Te
o 3% <29
)o B(:),a
b\ oo
a-g" Py
15 7 Neri )
o D N
ey
q-g“ =20
D B@(
Q' To
2.0 — Q.Bo iy
P E:Qt
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e
-3 G C 250
) b~ ) o Sandy GRAVEL,; Grey with brown sand. Dense. Wet to saturated. Gravel
o i3 . y y~ H
OB 29 medium to coarse grained. Rounded to sub-rounded. Sand fine grained.
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End of Test Pit at 3.8m (Pit Collapse)

40 —
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Remarks: Logged by: LFS

Groundwater seepage @ 3.8m

Input by: LFS
Checked by: JSM
Verified by:  JK
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aurecon Client: FULTON HOGAN LAND DEVELOPMENT TP44

Last Generated: 5/04/2018 10:28:52 AM

Alboon S oz Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
E el Location: SEE PLAN
Newzmn e om0 Project Reference: 224464 Sheet 1 of 1
Emai chnuichurehBar seeitngrous tam
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easting: 1560130 m Date Completed: 9/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167556 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
T - 2 i —
_ = ] E
= a 2 3 % ] ﬁ =
r= @ 2 = 2T i i o
= E - £ %u 8 g Soil Description =
s | ?Ila g g g ®
© O 5 5 i)
; [
FLANR7R TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
DEKTARY, piasticity. Sand fine grained.
P A R 0.20
[V SAND; Brown with orange mottling. Medium dense. Moist. Sand fine grained.
05 +
1.0 — 1.00
' SAND; Orange brown. Medium dense. Moist. Sand medium grained.
1,36
[< e Sandy SILT with tree roots; Light grey; Soft. Wel. Low plasticity. Sand fine
1 Moo o L grained.
1.5 Uz e X
X . "' .
X ox
X .
W x
o, s
® x
X ad
E3 X
2.0 — IO
S
X .,. » oo
e Silty SAND with tree roots; Grey. Medium dense. Wet. Sand medium grained.
% x & 4
b - N
25 -+ B s
b e x
x »
R I
x x
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= ™o
» = /|
* L
— > "
3.0 reioe
e 1
x w
X x W
* ]
r3 k.3
x 1
X ’
35 - o g 5
s R %]
¥ x 1
o X
T Ay et 340
End of Test Pit at 3.8m (Pit Collapse)
40 —
45 —
. Logged by: LFS
SIS Inputby:  LFS
Groundwater seepage @ 3.5m Chef?ked by: JSM
Tree roots @ 2.2m Verified by:  JK
Sheet 1 of 1

Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Data template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018
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aurecon

Aurecon (New Zealand) Limited
122 Gloucesler Street

PO BOX 1061

Chrisichurch 8140

Client: FULTON HOGAN LAND DEVELOPMENT TP4 5
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

wanemgoneon  Feinen weesseess  Project Reference: 224464 Sheet 1 of 1
Emal chaskthurchBan suteconstoop £
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Loggedby: LFS
Excavator Type: 30t Excavator Easting: 1560208 m Date Completed: 8/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167740 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
E 5 EJ . =
_ ~ @ E
Elelz| 2| 5 | 4% H
= [ = 5 ¥ i ioti o
= g - < % St Soil Description =
T I o ) i %
gl o 5 | 2 v
el TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
TR plasticity. Sand fine grained.
025
SAND; Brown with orange mottling. Loose. Moist. Sand fine grained.
05 -
0.75
SAND; Reddish brown. Loose. Moist. Sand medium grained.
1.0 —
1 5 _: 1.50 = - . -
’ * g SILT with tree roots; Light blue grey. Firm. Wet. Low plasticity.
§ X x X
x X 1.80
SAND; Light grey. Medium dense. Moist. Sand medium grained.
2.0 —
e 230
¥z e SILT; Light blue grey. Firm. Wet. Low plasticity.
25 | j g = o 250
' SAND,; Light grey. Medium dense. Moist. Sand medium grained.
3.0 —
3.5 o
h 4 20
- End of Test Pit at 3.8m (GW Reached)
4.0 —
45 -
Remarks: Logged by: LFS

Groundwater seepage @ 1.6m
Groundwater encountered @ 3.8m

Input by: LFS
Checked by: JSM
Verified by:  JK

Sheet 1 of 1

Dalabase File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018
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aurecon

Aurecon {New Zealand) Umited
122 Gloucesler Streel

PO BOX 1061

Chnstchurch 8140

Clientt FULTON HOGAN LAND DEVELOPMENT TP46
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION
Location: SEE PLAN

rmgonen e wasamess  Project Reference: 224464 Sheet 1 of 1
Ema. chnitouech Bun sutecony oup tam
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 30t Excavator Easling: 1560286 m Date Completed: 8/09/2011 Input by: LFS
Test Pit Dimensions: Northing: 5167924 m Checked by: JSM
Contractor: Fulton Hogan Ground Level: N/A Verified by:  JK
B - ) . =
—_ = ] E
E e | S © E E
| 2|38 g g 3t Soil Descripti 2
= E = £ B é g oil Description =
4 %] O © o = >
a 2 = 5 i 2
sl o] & | ¢ i
PUZENIZAN TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
ARV, om0 plasticity. Sand fine grained.
G BT Sandy SILT; Brown. Firm. Moist, Low plasticity. Sand fine grained.
XK -
SAND; Brown with orange mottling. Loose to medium dense. Moist. Sand fine
0.5 - || shear vane at Pocket grained.
| 0.5m Penetrometer
i| 107/30kPa at 0.5m:
kPa kN/m*
| kPa
.80
SAND; Grey with orange brown mottling. Loose to medium dense. Wet. Sand
fine grained.
1.0 —
120
B e . SILT; Grey. Soft. Wet. Low plasticity.
X X
X X
X X
15 N X x * x Shear vane at Pocket X
: 1.5m Penetrometer | 1l - —
R e 2l TeSg Sandy SILT with tree roots; Dark blue grey. Soft. Wet. Low plasticity. Sand
* . %[ kPa fine grained.
L4 x
.
X *
20 — *o % =
’ R SAND; Brown and grey. Medium dense. Wet. Sand fine grained.
Y 9
25 -
3.0 —
35 -
! 3 B
B End of Test Pit at 3.8m (GW Reached)
40 —
45 -~
} Logged by: LFS
RGeS Input by: LFS
Groundwater seepage @ 1.6m Checked by: JSM
Groundwater encountered @ 3.8m Verified by:  JK
Sheet 1 of 1

Database Fite: TEST PITS,GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Dala template: CHCH DATA TEMPLATE NOV 2010.GDT, Last Generated: 5/04/2018
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aurecon

Aurntan (Mes/ Tealing) Lendes
122 Gloucesler Streel

Client:

FULTON HOGAN LAND DEVELOPMENT
Project Name: ROSEMERRYN RESIDENTIAL SUBDIVISION

TP47

e, Location: SEE PLAN
o WSS Project Reference: 224464 St
Ermal chnalthoith@ee suecongroup.ten
TEST PIT INFORMATION CO-ORDINATES NZTM Date Started: 9/09/2011 Logged by: LFS
Excavator Type: 301 Excavator Easting: 1560143 m Date Completed: 9/09/2011 Input by: LFS
Tesl Pit Dimensions: Northing: 5167333 m Checked by: JSM
Contractor: Fulton Hogan Ground Level; N/A Verified by:  JK
~ El @ & i E
E o T 3 s o b=
= a 3 o 2 o2 i ioti 5
= £ S < g g e Soil Description =
=% © - a 2 Ts ©
[} 175] o © © . 5
(=] . 15} o g R
=2 B a w
A7 TOPSOIL SILT with trace sand and rootlets; Dark brown. Firm. Moist. Low
RV .2 Plasticity. Sand fine grained.
SR SILT; Grey with orange brown mottling; Stiff, Moist. Low plasticity.
X X
X X
X X
05 T % x x 2 Shear vane at Pocket
0.5m Penetromeler
X X | gg33kPa at 0.5m
X X kPa kN/m®
X X | ikPa
X X
X X
X X
X X
1.0 — i X & x | Shear vane at Pocket
X X m: Penelrometer
x x 74/18kPa al1m]
1kPa KN/m' 126
T Sandy SILT; Grey with orange brown mottling; Stiff. Moist. Low plasticity. Sand
R S fine grained.
1.5 : : 1 sh Pock =
) . e ‘ 1 t L - St ici i
Save s Shearvaneal [ Rocket Sandy SILT; Light grey; Stiff. Wet. Low plasticity. Sand fine grained.
. ¥ 7| 36M2kPa at 1.5m
X, x| kPa kN/m*
» " . kPa bt
NI Silty SAND; Grey. Loose to medium dense. Moist. Sand fine grained.
R
20 — x s
-4 ® ]
*® x|
» x §
AT
o 4 4
" x
| L I -
T
B ®
25 - . 0 x
% x®
x e -
VLN SILT; Dark grey. Firm. Wetl. Low plasticity.
X X
a X X
3 0 ! o 2 100
' = End of Test Pit at 3m (GW Reached)
3.5 =
40 —
45 -+
ogged by:
Remarks: Logg Y e

Groundwater seepage @ 1.2m
Groundwater encountered @ 3.0m

Input by: LFS
Checked by: JSM
Verified by:  JK
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Database File: TEST PITS.GPJ, Library: CHCH LIBRARY FEB 2011.GLB, Data template: CHCH DATA TEMPLATE NOV 2010,GDT, Last Generated: 5/04/2018.
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Cane No 4485
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Location;
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Classification by
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Robertson 1986
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Robertson 1088
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Classification by
Robertson 1986
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—— Total vertical stress (rov;z) in kPa —
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—— Undrained shear strength (Su)in kPa —
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—— Relative density (consolidated) in %
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—— Internal friction angle in degrees ——
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—— Dynamic pore pressure (u2)in MPa ——
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—— Corrected cone resistance (qt) in MPa ——
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—— Normalised cone resistance (gnorm) [Qff —>
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—— Undrained shear strength (Su) in kPa —
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—— Internal friction angle in degrees —
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aurecon

www.aurecongroup.com

BOREHOLE RECORD

HOLE NO. BH102

PROJECT NO. 224464

Rosemerryn Subdivision

PROJECT |
Lincoln

METHOD DP

MACHINE & NO. VTR 9700-D Truck

CO-ORDINATES (NZTM)

E 1560211
N 5168161

SHEET of

DATE from 22/01/2015 to 22/01/2015

FLUSHING MEDIUM  Water

ORIENTATION VERTICAL

GROUND-LEVEL +9.00 mRL

Water
evel (m
shift
start/
end

Tests

lling
rogress

oo

Tl

Casing
depth/size
Water
Recovery %
Total core
Recovery %
Solid core
Recovery %
R.Q.D.
Fracture
Index

Samples

Reduced
pth

Level
(m)

2 De
(=]
o

STRATA DESCRIPTION

SUBORDINATE FRACTION, MAJOR FRACTION, MINOR FRACTION, COLOUR
STRUCTURE, STRENGTH., MOISTURE CONDITION
GRADING, BEDDING, PLASTICITY, ETC
(NZ GEOTECHNICAL SOCIETY - FIELD DESCRIPTION OF SOIL AND ROCK)

|.22/01/2015

N
o

A T T T T T T S Y

Tyoe Rol Depilh)
“§ 000

T

LA 8 O O AL LI

+7.48 1.52

Sandy fine to coarse GRAVEL with some silt and trace
rootlets; greyish brown. Dry to moist, subrounded to
angular; sand, fine to coarse. (Logged from sample bag)

7

RS R R R

1.52

+5.96 .04

Sandy fine to coarse GRAVEL; brownish grey. Dry,
subrounded to angular, gap graded; sand, fine to coarse.
(Logged from sample bag)

3

(3.5,5,5,

N =22

RSN RN

[

3.04

W [0

+5.76 .24

+5.25 375

456

Gravelly fine to coarse SAND; greyish brown. Moist;
gravel, fine to medium, rounded to subangular.

3.24m becomes sandy fine to medium GRAVEL.

3.75m becomes fine to coarse GRAVEL with minor sand.

-
=

[l N
=

n
P4 Ny

L T

S

ZAR

4.56

N LR ASLINL BANLIL LY LA L L L LS LY L) L LA L

+2.92

SAND; brown. Wet. (Logged from sample bag)

8.08—=5+0

0 & 0 o 0|0
Q Q Q
00(>0

III|I|IIIIIII
0 o
0

o

+1.40

-
=N
=]
Q
0

Sandy fine to coarse GRAVEL; grey. Dry, rounded to
subangular; sand, fine to coarse.

6.20m becomes fine to coarse GRAVEL with some silt
and minor sand; reddish brown. Dry.

7.60

Lo} [o} o alo
(=Y Q(\ QC‘\ bt‘\

T
o>

T

o

+1.10

Fine to coarse GRAVEL with minor sand; grey. Dry.
rounded to subangular; sand, fine to coarse.

I

>
%

LS
&

-0.12

b
o
N

Silty fine to coarse GRAVEL with some sand; greyish
brown. Dry, subrounded to angular; sand, fine to coarse.

(5.8,8.7
12.12)
N=38

DT

T e T LT O e T T T T T e [ e e [ e T T T e T T e o e e T T T e e T e e e e

912

LA I LY LI L LB O

Fine to coarse GRAVEL with minor sand; grey and
reddish grey. Dry, rounded to angular; sand, medium to
coarse.
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Small Disturbed Sample Water Level

Large Disturbed Sample Impression Packer Test
SPT Liner Sample
Thin Wall Undisturbed Sample I Permeability Test

U100 Undisturbed Sample  § ) Piezometer / Standpipe Tip

Packer Test

l Standard Penetration Test

TE—co— -

v

Pocket Penetrometer Test

Piston Sample V' In-situ Vane Shear Test

Repott ID: AGS4 BOREHOLE RECORD || Project: 224464 ROSEMERRYN 2015 BHS.GPJ || Library: AGS 4_0.GLE || Dale: 9 February 2015

(]

LOGGED _T.PLUNKET
DATE 29/01/2015
CHECKED_B. SUCKLING

DATE 05/02/2015

REMARKS

Coorindates and ground level based on hand held GPS,
likely accurate to +/- 5m.

Groundwater level not recorded.

SPT hammer energy ratio 79%.

Aurecon New Zealand Lid, Unit 1, 150 Cavendish Road, Casebrook, Christchurch.

Tel: +64 3 366 0821 Fax: +64 3 379 6955 christchurch@aurecongroup.com
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Thin Wall Undisturbed Sample :{ Permeability Test

U100 Undisturbed Sample B &) Piezometer / Standpipe Tip
PP Pocket Penetrometer Test Packer Test
E Piston Sample v In-situ Vane Shear Test

DATE 05/02/2015

CHECKED_B. SUCKLING

Groundwater level not recorded.

aurecon | BOREHOLERECORD | "™ o
www.aurecongroup.com PROJECT NO. 224464
PROJECT R.osemenyn Subdivision
Lincoln
METHOD DP CO-ORDINATES (NZTM) SHEET 2 of 2
E 1560211
MACHINE & NO. VTR 8700-D Truck DATE from 22/01/2015 to 22/01/2015
N 5168161
FLUSHING MEDIUM  Water ORIENTATION VERTICAL GROUND-LEVEL +9.00 mRL
Water | o .o 2 ° STRATA DESCRIPTION
& 8 Ievel‘(m 2l g 215 2| o § N SUBORDINATE FRACTION, MAJOR FRACTION, MINOR FRACTION, COLOUR
g g EE Sthl:tt/ P g ; %’ ; % g g x Tests Samples 3 % §'§ E STR%%}%T&E;S;EEISFN'@. F[‘f_g'ssﬁgﬁ% 'CEQI_I\(I:DITION ’
To| gg| A T35 olce C|ee xad |l o= b4 (NZ GEOTECHNICAL SOCIETY - FIELD DESCRIPTION OF SOIL AND ROCK)
oo | OB | end [BEx|fFx|no| £ LS 5
Type Rel Depth 10.00
- { (=] (=]
L % C 00 o 06
C T C 4
[ 2012018 /é & saql -1.64 L 10.64 °0 &%
- (3,3,6.5 } r End of Dynamic probe sampling at 10.64m, on
- ?\1':)19 3 22/01/2015
I - Termination Reason: Target depth reached.
L C
5 "y
8 C
»  Small Disturbed Sample ¥ water Level REMARKS
| Large Disturbed Sample Impression Packer Test LOGGED T.PLUNKET | ¢/ indates and ground level based on hand held GPS,
SPTLiner Sample | standard Penetration Test likely aceurate to +/- 5m.
I DATE 29/01/2015

SPT hammer energy ratio 79%.

Aurecon New Zealand Ltd, Unil 1, 150 Cavendish Road, Casebrook, Christchurch. Te! +64 3 366 0821 Fax: +84 3 379 6255 chrisich

com
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Large Disturbed Sample

SPT Liner Sample l
Thin Wall Undisturbed Sample ¢
U100 Undisturbed Sample &

Pocket Penetrometer Test Packer Test

Piston Sample 04
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@ yl—c— -

Impression Packer Test
Standard Penetration Test
Permeability Test
Piezometer / Standpipe Tip

In-situ Vane Shear Test

aurecon | BOREHOLE RECORD | "™ Br1os
WWW.aUrecongroup.com PROJECT NO. 224464
PROJECT R.osemen'yn Subdivision
Lincoln
METHOD DP CO-ORDINATES (NZTM) SHEET 1 of 2
E 1560056
MACHINE & NO. VTR 9700-D Truck DATE from 28/01/2015  t 28/01/2015
rue N 5167722 ° °
FLUSHING MEDIUM  Water ORIENTATION VERTICAL GROUND-LEVEL +9.00 mRL
Water | o o - STRATA DESCRIPTION
g g e‘lll‘ﬂ-‘m 2 g gl g 2 @ § - £ SUBORDINATE FRACTION, MAJOR FRACTION, MINOR FRACTION, COLOUR
2| p2| shift |_SISSIOS 5|5 | Tests Samples | 382 | 5. | B STRUCTURE, STRENGTH. MOISTURE CONDITION
= 8, G5 start/ 2 S E 8 '__c_} 8 O 8 &’ 3 8 é g) GRADING. BEDDING, PLASTICITY. ETC
-D_ i 8 % Shid gﬂd:.i g& C?)& by u_-'g 0 S (NZ GEQTECHNICAL SOCIETY - FIELD DESCRIPTION OF SOIL AND ROCK)
) Tyge Fsl_Oecin 0.0
280172015 115 - * . *| Mixof SILT with minor sand and trace rootlets; dark
B ' C x x| brown. Dry, low plasticity; sand, fine to medium.
i f C . | (TOPSOIL) and;
B v r x SILT with some sand; light brown mottled orange. Dry,
i / o1 - ® . *| low plasticity, sand, fine to medium.
[ 7 - x = x| (Logged from sample bag)
B ; r m &
[ v C x
5 ¥ +7.4. X X o
i EF (1.1.2,2, 12 ;ﬂ:&% *——"Sandy SILT; greyish brown. Stiff, wet, low plasticity; sand,
- / ;‘5)7 - « | fine to medium.
- Yy /,4 s 222 \1.60m becomes silty fine to medium SAND; grey. Wet. 4
B % or AT X \PEAT, dark brown. Fibrous, saturated- A
B % - x x| |\Peaty SILT; greyish brown. Firm, saturated, low plasticity;
[ / wan F 270 Ix x| |peat, fibrous.
L // - SILT with some sand and trace organics; grey. Firm to
B ; 304 +598 =304 _ tiff, wet, low plasticity; organics are fibrous.
B 24-68-7- 7. 4575 L ags | © \Silty fine to medium SAND; brown. Wet. [
B % N'=)26 E %0 &% Gravelly fine to coarse SAND; greyish brown. Wet; gravel,
N / - 240 fine to coarse, subrounded to subangular.
[ //j oT r °, &°4 3.25m becomes Sandy fine to coarse GRAVEL.
9 % = op 0
- A i ] [¢]
- / - 0 =°
B 4 [ 040
i / 4564444 F 456 I = a
5 { 4,7,12, - 400 E fizo Fine to coarse SAND with minor gravel; brown. Wet;
[ % H_%OB) = '00' s n\gravel, fine to medium, subrounded to angular. /]
R f — s g o| Sandy fine to coarse GRAVEL,; greyish brown. Wet,
- é - 3 < o | subrounded to angular; sand, fine to coarse.
! % oy [ 2 = 4 4.95m - 5.15m reddish brown.
X % B 20
L é N 00 Do‘ﬁ
= Z 608|292 —6.08 0 ?
i (78.6135.)10. L 275 - 625 Fine to coarse SAND; brown. Wet. B
- 7 NSiog 260 [ 640 92 °4 Sandy fine lo medium GRAVEL; greyish brown. Wet,
. 5 245 - 68 g” .g" \subrounded lo angular; sand, fine lo coarse. [
C ﬁ C 2 = 4\Fine to coarse GRAVEL, grey. Wet, rounded (o
B / DT E 00 0
- ‘_,/,/ ] o & | subangular,
- / - -0 = 4 Sandy fine 1o coarse GRAVEL,; greyish brown. Wet,
- 5 r 50 : subrounded to angular; sand, fine to coarse.
N +1.40 [ 760 | O o U
- v (8,12, 13, 780 E Fine to coarse SAND; brown. Wet.
- ’// 12,12, 14) +1.10_[* 7.90
- % NEY w000 810 | © 7.90m becomes gravelly fine to coarse SAND. Gravel,
5 / 070 F 80 %7 .04 \fine to medium, rounded to subangular. /]
K % oT +050 I 850 \Fine to coarse GRAVEL with minor sand; grey. Wet,
L / L °, <%/ \isubrounded to subangular; sand, fine to coarse. M
i / C 0 O 0| \No sample recieved. /
- é ol °,; =% Sandy fine to coarse GRAVEL; greyish brown. Wet,
- ,,‘ @.11.13 9.12 F 0 a" 4| subrounded to angular; sand, fine to coarse.
- 13,12, 10 " .
- ' N C °0 &°4 )
- or E 0 py 0| 9.50m - 9.55m white.
R I F o o
- C 0 4
Small Disturbed Sample ¥ water Level REMARKS

LOGGED _T. PLUNKET
DATE 29/01/2015
CHECKED_B. SUCKLING

DATE

05/02/2015

Coorindates and ground level based on hand held GPS,
likely accurate to +/- 5m.

Groundwater level recorded at 2.0m.
SPT hammer energy ratio 79%.

Aurecon New Zealand Ltd, Unit 1, 150 Cavendish Road, Casebrook, Chrisichurch. Tel: +64 3 366 0821 Fax: +G64 3 379 8955 chnsichurch@aurecongroup.com
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www,aurecongroup.com PROJECT NO. 224464
Rosemerryn Subdivision
PROJECT | ooemery
Lincoln
METHOD DP CO-ORDINATES (NZTM) SHEET 2 of 2
E 1560056
MACHINE & NO. VTR 9700-D Truck N 5167722 DATE from 28/01/2015 to 28/01/2015
FLUSHING MEDIUM Water ORIENTATION VERTICAL GROUND-LEVEL +9.00 mRL
Water | o o o - STRATA DESCRIPTION
& 8 fevel m) =25 %) Zl o 8 5 SUBORDINATE FRACTION. MAJOR FRACTION, MINOR FRACTION, COLOUR,
@ o 22 | shift 5 %’§ g o g O |5, Tests Samples | 28 | B 2 STRUCTURE, STRENGTH, MOISTURE CONDITION '
So| 58| stew |E8s828 g 53 g3 | 8 g o e CRACING, BEDDING, PLASTICITY. ETC
S| 88| oa BERESE 2 |22 3 (NZ GEOTECHNICAL SOCIETY - FIELD DESCRIPTION OF SOIL AND ROCK)
- T\E_g;g_r___n_w,-_!'m 10.00
- /45 F °0 &%
- ot - T4 0
- B o [}
. ze01:2018] ‘ feql =164 L1064 2R
N (9,12, 13, ' N End of Dynamic probe sampling at 10.64m, on
= nLis e - 28/01/2015
- - Termination Reason: Target depth reached.
B N
e  Small Disturbed Sample Y Water Level REMARKS
| Large Disturbed Sample Impression Packer Test LOGGED T.PLUNKET | ., indates and ground level based on hand held GPS,
ﬂ SPT Liner Sample [ Standard Penetration Test likely accurate to +/- 5m.
| Thinwall Undisturbed Sample §  Permeability Test DATE 29/01/2015 Groundwater level recorded at 2.0m.
. U100 Undisturbed Sample & &) Piezometer / Standpipe Tip CHECKED B. SUCKLING SPT hammer energy ratio 79%.
PP Pocket Penetrometer Test Packer Test
E Piston Sample ~  In-situ Vane Shear Test DATE 05/02/2015

Aurecon New Zesland Lid, Unit 1. 150 Cavendish Road, Casaebrook, Christchurch. Tel: +64 3 366 0821 Fax: +64 3 379 6955 christchurch@aurecongroup.com
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Summary:

A series of nine MASW (Multi-channel Analysis of Surface Waves) lines were
surveyed at Rosemerryn Farm near Lincoln on January 15" and January 16",
2015. The survey was designed to image variations in shear-wave velocities to a
maximum depth of 25 m. The MASW data was of good quality. The material in
the first 5 m below ground is of low shear-velocity across much of the site (100
m/s to 150 m/s), with a jump to 200 m/s at around 5 m depth, generally increasing

to over 500 m/s between 15 m and 20 m depth.

Methodology:
MASW is a geophysical technique that uses the dispersive nature of surface
waves to determine a model of the shear wave velocity versus depth of the

subsurface.

The MASW data was collected with a 24 channel seismic array. The geophone
spacing was 1 m and the seismic source was an accelerated weight drop (AWD).
The source offset from the nearest receiver was kept constant at 10 m for the
MASW Lines. Recording parameters for the MASW survey were set with a 0.25
ms sample interval, 1.5 s record length, 24 dB gains, and an electric trigger

system. MASW points were collected at 10 m intervals along the lines.

The field records were processed using the Kansas Geological Survey software
package SurfSeis4 ©. The geometry was set according to the survey parameters
and the dispersion curves were generated and edited. The inversions were run

using a 10 layer variable depth model.

Results:

The output shear-wave velocity data is included as a series of CSV files
(supplementary to this report). The velocity data was interpolated into 2D MASW
profiles for the MASW lines

2|Page



A total of nine MASW lines were surveyed at the site (Figure 1). The MASW data
was generally of good quality, although ambient noise from wind did affect a

number of shot records.

Conclusions:

The MASW results provide a model of Vs values across the Rosemerryn Farm
site to a depth between 20 m and 25 m (Figures 2 to 7). The near surface
material, to a depth of 4 m, is of relatively low velocity (<100 m/s to 180 m/s). This
low velocity layer seems to be laterally continuous across much of the site, with
the exception of the northern part of the site. MASW Lines 03, 04, and the first 45
m of Line 05 show higher velocity material in the near surface. Correlation with
borehole information would allow changes in shear-wave velocity at gravel and

other geological interfaces to be determined.
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Disclaimer:

This document has been provided by Southern Geophysical Ltd subject to the following

Non-invasive geophysical testing has limitations and is not a complete source of testing. Often
there is a need to couple non-invasive methods with invasive testing methods, such as drilling,

especially in cases where the non-invasive testing indicates anomalies.

This document has been prepared for the particular purpose outlined in the project proposal and
no responsibility is accepted for the use of this document, in whole or in part, in other contexts
or for any other purpose. Southern Geophysical Ltd did not perform a complete assessment of all
possible conditions or circumstances that may exist at the site. Conditions may exist which were
undetectable given the limited nature of the enquiry Southern Geophysical Ltd was retained to
undertake with respect to the site. Variations in conditions often occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been
revealed by the investigation and which have not therefore been taken into account.
Accordingly, additional studies and actions may be required by the client.

We collected our data and based our report on information which was collected at a specific
point in time. The passage of time affects the informatian and assessment provided by Southern
Geophysical Ltd. It is understood that the services provided allowed Southern Geophysical Ltd to
form no more than an opinion of the actual conditions of the site at the time the site was visited
and cannot be used to assess the effect of anv subseguent changes for whatever reason. Where
data is supplied by the client or other Sources, including where previous site investigation data
have been used, it has been assumed that the information is correct. No responsibility is
accepted by Southern Geophysicz! Ltd far incomplete or inaccurate data supplied by others. This
document is provided for sole use by the client and is confidential to that client and its
professional advisers. No responsibility whatsoever for the contents of this document will be
accepted to any person other than the client. Any use which a third party makes of this
document, or any reliance on or decisions to be made based on it, is the responsibility of such
third parties. Southern Geophysical Ltd accepts no responsibility for damages, if any, suffered by

any third party as 2 result of decisions made or actions based on this document
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CONE PENETRATION
TEST (CPT) REPORT

Client: Aurecon NZ Ltd

Location: Rosemerryn

MCMILLAN Drillifig

Ellesmere Road, Lincoln
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Generated with Core-GS by Geroc

MCMILLAN Drillifig

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu201

Name: Rosemerryn
Client: Aurecon NZ Ltd

Location: Ellesmere Road, Lincoln

Hole Depth (m): 3.84
Elevation (m): 0.00

Datum: Ground

North (m): 5168164.36
East (m): 1560168.76

Grid: NZTM

SOIL BEHAVIOUR TYPE

AT ESTIMATED PARAMETERS
AW BATA (NON-NORMALISED) E
Tip Friction Pore .
— . q Inclination Dr Su
= Resistance Retlo Pressure (Degrees) K SBT SBT Description %) (kPa) Neo
K (MPa) (%) (kPa) © :
@ Q (filtered)
1]
o
2 g g8 2 g g ~aumerwe~calc 8 £ 8 §| » 2 ® e s 922 |2888888| 2xr¢s¢
T i ] ! ! ! ! TR 5 S O I T Y I S ! | NN I I T I R T
b= | |
| - 1Y
| - 2
EE \ \
- 1 Sand mixtures: silty sand
- Lo sandy silt
__ §
v Silt mixtures: clayey sill &
k- silty clay
— 2. —
L 7 Dense sand lo gravelly
1= =il sand
: ] Sands: clean sands to ~
- . silly sands (/' /
i Y— : \\\
I = Dense sand lo gravelly
i 7 sand
EQH: 3:84m B T
i
f ]
— 5 —
C =
— g —

Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15
Tip Resistance (MPa) Initial: 1.3707
Local Friction (MPa) Initial: -0.0114

Date: 22/05/2018
Predrill: 0.00
Water Level: 1.70
Collapse: 2.30

Final: 1,38
Final: -0.0128

Inclinometer:
Other:

Effective Refusal

Gauge:

Undefined

'1 Sensitive fine-
grained

Tip: v

Clay - organic soil

Clays: clay to silty
clay

Soil Behaviour Type (SBT) - Robertson et al. 1986

Sand mixtures: silty
sand to sandy silt
Sands: clean sands
to silty sands
Dense sand to
gravelly sand

Stiff sand to clayey
sand

|6
8

ol PR Target Depth: Silt mixtures: clayey . .
Pore Pressure (KPa) Initial: 0.0029 Final: -0.0051 g P Silt & silty clay E Stiff fine-grained
Notes & Limitations Remarks

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user, Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this repor.

Effective Refusal

Hole Depth (m):

3.84

Sheet 1 of 1




Generated with Core-GS by Geroc

MEMILLAN Dillifg

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu202

Name: Rosemerryn Hole Depth (m): 2.04 North (m): 5168060.30
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560449.46
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore L
= A o Inclination Dr Su
= S | e | Degrees) | 2| T | soToescripton | (%) | pa) | Mo
o ° o filtered)
o
[=] S 2 < 2 S rumeneeme [0 S 8 § § w 2 v R L T &9 88 8§§§§§§ 2R 8¢
'Y | L { 1 WY N P EREE TR T AT A T
! : Sill mixtures: clayey silt & ,”I
~ silty clay
= =] Sand mixlures: silty sand / \
C 2 to sandy silt { |\
- K 3 \\\
:_ __ Sands: clean sands to
1 g v N silly sands
EQH: 2.04m r ]
C L
]
== § =3
— 5 —
— 7 —

Operator: R. Wyllie

Date: 22/05/2018

Effective Refusal

Soil Behaviour Type (SBT) - Robertson et al. 1986

Rig: Geomil Panther 100 Predrill: 0.00 Tip: v [ Undefined 5] f:n"fg":;”n?y:ﬁ{“y
Cone Reference: 151125 Water Level: 1.60 Gauge: == Sensitive fine- g Sends: clean sands
Cone Area Ratio: 0.75 Collapse: 1.70 Inclinometer: grained to silty sands
R . D d t
. Cone Type: -CFXYP20-10 _ Other: B2 ciay - organic soi 7 g;’\‘,jlyszgn ¥
Tip Resistance (MPa} Initial: 1.985 Final: 2.1001 £y Clays: clay to silty n Stiff sand to clayey
Local Friction (MPa) Initial: 0.0236 Final: 0.02 I clay sand
Pore Pressure (KPa) Initial: 0.0039 Final: -0.0043 Target Depth: 2"': g‘g:{‘;’i;;‘ayey [ 9] stiff fine-grained
Notes & Limitations Remarks

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Lid do not warranty the correctness or the applicability of
any of the geotechnical soil and design paramelers shown and does nol assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report

Effective Refusal

Hole Depth (m): 2.04

Sheet 1 of 1
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MEMILLAN Drilli i

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu203

Name: Rosemerryn
Client: Aurecon NZ Ltd
Location: Ellesmere Road, Lincoln

Hole Depth {m): 4.30
Elevation {m): 0.00

Datum: Ground

North (m): 5168046.70
East (m): 1560168.56

Grid: NZTM

SOIL BEHAVIOUR TYPE

ER
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore -
= . q Inclination Dr Su
= P BT
= Resistance Retlo ressure {Degrees) o S SBT Description %) (kPa) Nso
° (MPa) (%) (kPa) © :
o o (filtered)
0
o
=3 5] =] =} I3 4 N A § 8 g § w 2 Ll dn et S §88 Sgggggﬁ 2R 8%
v 1 1 | 1 1 ! { I I O I‘ltll Y T | NSRRI | I [ L |
l B Clays: clay to silty clay (
] by \
r Siit mixtures: clayey silt & /
_ silty clay 4 (
C / /
[ Y {
- !
i |
i J
N . L L
- A A ) )
C ] ‘ \
- 1 . Sand mixtures: silty sand 1
m = to sandy silt l
—2 — /
= jl
L ‘ ¢ {
C l ¢ a\\
C ] ? \
L -~ ks ]
— . 4 —] : ‘1) ™
(== ; L
B 7] \
= -1 Sands: clean sands to b
’_ _‘ silty sands lf
L - {
4 ]2k \‘\—-._.
EQH: 4.3m L 4
- 5 —
= -
— 5 —
— 7 —

Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 1.9945

Local Friction (MPa} Initial: 0.0235

Pore Pressure (KPa) Initial: 0.0075

Date: 22/05/2018

Predrill: 0.00
Water Level: 1.50
Collapse: 1.70

Final: 2.0254
Final: 0.0197
Final: 0.0015

Effective Refusal

Inclinometer:

Target Depth:

n Undefined

Tip: v~
Gauge:
. grained

Other:

clay

i Sensitive fine-
Clay - organic soil
Clays: clay to silty

Silt mixtures: clayey
silt & silty clay

Soil Behaviour Type (SBT) - Robertson et al. 1986 |

m Sand mixtures: silty
L~ | sand to sandy sill

6 Sands: clean sands
l to silty sands

Dense sand to
_| gravelly sand

n Stiff sand to clayey
sand

E Stiff fine-grained

Notes & Limitations

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Roberison and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review, The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Remarks
Effective Refusal

Hole Depth {m): 4.30

Sheet 1 of 1
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MEMILLAN Drillifg

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu204

Name: Rosemerryn
Client: Aurecon NZ Ltd
Location: Ellesmere Road, Lincoln

Hole Depth (m): 3.34
Elevation (m): 0.00

Datum: Ground

North (m): 5167966.63
East (m): 1560278.93

Grid: NZTM

SOIL BEHAVIOUR TYPE

RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore -
= L . Inclination Dr Su
= Resistance R::tlo Pressure (Degrees) o SBT SBT Description (%) (kPa) Nso
I (MPa) (%) (kPa) © :
o ] (filtered)
'S [72)
o
L' € 8 8 8§ B g |-~muwseso § 888 weev ~nmmaeso & 9882 |3838888| =2 =8¢
1 I I I 1 i I 0 I R P R I ARNN L1 TS Ly
1 x \) ‘
— Clays: clay to silly clay H
: ﬂ
™ s
F : : f
- 1
A A8 |
e /
n ( \
= = Sand mixtures: silty sand \
: il 1o sandy silt 1
i 2 —i “
C ] !
i ( {
E: g 4 1
= - \n
B 7 Sands: clean sands to R
© 7 silty sands —
I /
/} " 3 {H
EQH: 3.34m __ =
f— &
== & —
— 5 —
— 7 —

Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3563

Local Friction (MPa) Initial: -0.0114

Pore Pressure (KPa) Initial: 0.0072

Date: 22/05/2018

Predrill: 0.00
Water Level: 1.40
Collapse: 2.40

Final: 1.3881
Final: -0.0132
Final: -0.0017

Effective Refusal

Tip: v/ [ Undefined
Gauge: Sensilive fine-
Inclinometer: grained
Other:

- clay

Target Depth:

@ Clay - organic soil

=3 Clays: clay to silty

Silt mixtures: clayey
55 silt & silty clay

Soil Behaviour Type (SBT) - Robertson et al. 1986

5 Sand mixtures: silty
sand to sandy silt

6 Sands: clean sands
| to silty sands

Dense sand to
gravelly sand

Stiff sand to clayey

sand
lil Stiff fine-grained

Notes & Limitations

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K, Robertson and K.L. Cabal (2010), Guide to Cone Penelration

| Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user, Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Remarks
Effective Refusal

Hole Depth (m): 3.34
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MEMILLAN D lli7g

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu205

Name: Rosemerryn
Client: Aurecon NZ Ltd

Location: Ellesmere Road, Lincoln

Hole Depth (m): 6.60
Elevation (m): 0.00

Datum: Ground

North (m): 5167953.13
East (m): 1560131.80

Grid: NZTM

SOIL BEHAVIOUR TYPE

ESTIMATED PARAMETERS

RAW DATA

(NON-NORMALISED)

Pore
Pressure
(kPa)

Friction
Ratio
(%)

Tip
Resistance
(MPa)

Inclination
{Degrees)

40

NS EnS Do
T T O

- 30
- 50
— 60
—200
—400
—600
—B00
= 10
=15

SBT

Scale

—NOTOMD0
[

Dr
SBT Description (%)

(filtered)

- 20
t= 40
- B0
- 80

Su
(kPa)

I 50
-100
150
-200
250
-300
350
L 10
L 20
l- 30
- 40

— Predrill

I||l]l[1||l[]llll

i
?

]FIII|I|IllllII|IIIIIIIIT]Tl[[IllllllllllIII.|||

|

1
|
-

I|Il{l

w

3]

Sand mixiures: silty sand
lo sandy silt

Sand mixlures: silty sand
to sandy silt

Silt mixtures: clayey sill &
silty clay

Sand mixtures: silty sand
to sandy silt

Sand mixtures: silty sand

1o sandy silt L
Sands: clean sands to
silty sands

Sands: clean sands to
silly sands

Sands: clean sands to
silty sands

Sands: clean sands to K
silty sands T

Sands: clean sands to
silty sands

EOH: 6.6m

flllllll

llJI]IJl J._I_I_Lililll[|lllII|Ilil|!i|I|I|I||!i!l!ll|”l||J

Date: 22/05/2018
Predrill: 0.00
Water Level: 1.80
Collapse: 4.00

Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15
Tip Resistance (MPa) Initial: -1.4917
Local Friction (MPa) Initial: 0.0198
Pore Pressure (KPa) Initial: 0.0085

Final: -1.3956
Final: 0.011
Final: 0.003

Effective Refusal
Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v

Soil Behaviour Type (SBT) - Robertson et al. 1986

n Undefined

Sensitive fine-
grained

@ Clay - organic soil

Clays: clay to silty
clay

Silt mixtures: clayey
| silt & silty clay

| 5 Sand mixtures: silty

sand to sandy silt
s Sands: clean sands
| to silty sands

Dense sand to
gravelly sand

Stiff sand to clayey
sand
m Stiff fine-grained

Notes & Limitations

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Remarks

Effective Refusal

Hole Depth {m}:

6.60

Sheet 1 of 1
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Job: 17414

MSMILLAN Drillifg CONE PENETRATION TEST

CPT No.: CPTu206
Name: Rosemerryn Hole Depth (m): 2.95 North {m): 5167904.89
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560386.70
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore s
= A . Inclination Dr Su
T Resistance Retlo Pressure (Degrees) o SBT SBT Description (%) (kPa) Nso
k4 {MPa) (%) (kPa) m© :
[ U‘JJ (filtered)
o
L', e g 8§ 2 8 g ~smevoran|c 8 8§ 8 8| » 2 @ - R e388 |gS38888| 288 ¢
[ 1 ] ] 1 | 1 Y Y Y R | L1 1 NN 1 1 l[|||‘|||l|‘
: Clays: clay to silty clay /’ ’
- )
— 1 — {
C - Sand mixtures: silty sand &
' - to sandy silt k\
= - 1
= i Sands: clean sands lo
— 2 == silty sands 1
L i Dense sand to gravelly \L
— — sand
C ] Dense sand to gravelly
L = sand
EQH: 2.95m — 3 —
= iy o]
- 5 —|
5 —
— o —
Operator: R. Wyllie Date: 22/05/2018 Effective Refusal Soil Behaviour Type (SBT) - Robertson et al. 1986
. ! . . Sand mixtures: silty
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v n Undefined 5 sand to sandy silt
Cone Reference: 160925 Water Level: 1.40 Gauge: Sensitive fine- 6 Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 1.60 Inclinometer: grained = to silty sands
A g ) =) N i eni | Dense sand to
Cone Type: I-CFXYP20-15 Other: Clay - organic soil E S —
Tip Resistance (MPa) Initial: -1.4662 Final: -1.4953 Clays: clay to silty B Stiff sand to clayey
Local Friction (MPa) Initial: 0.0218 Final: 0.0114 clay sand
itial; inal: - Target Depth: Silt mixtures: clayey o
Pore Pressure (KPa) Initial: 0.0072 Final: -0.0002 { silt & silty clay E Stiff fine-grained
Notes & Limitations Remarks
Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various Effective Refusal
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be
carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of | Hole Depth (m): 2.95
any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report. Sheet 1 of 1
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Job: 17414
MSMILLANDrilling CONE PENETRATION TEST
CPT No.: CPTu207
Name: Rosemerryn Hole Depth (m): 4.21 North (m): 5167868.48
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560206.99
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore -
= . . Inclination Dr Su
= Resistance Ratio Pressure ] SBT . Nso
= : (Degrees) - SBT Description (%) (kPa)
K (MPa) (%) (kPa) g (fittered)
o
\ (I N G | I il I . B | I P B kbl Tl T
N : )
( - {
:_- 1 Sand mixlures: silty sand
& / - to sandy sill
v ) ()\
[, >
C .f: « {
L
C ) ] L
u / ]
- /
L == {I
L — 3 —j=m S !
o [ \ -
i = >
: : Sands: clean sands to ).?'
- = silty sands 1 T
B y Dense sand to gravelly =
[ 4] sand
EQH: 4.21m L -
N
L——
I
Operator: R. Wyllie Date: 22/05/2018 Effective Refusal Soil Behaviour Type (SBT) - Robertson et al. 1986
g . : " . 7 Sand mixt : silt
Rig: Geomil Panther 100 Predrill: 0.00 Tip: n Undefined |5 S::d t?l:aﬁ?;s?t Y
Cone Reference: 170302 Water Level: 1.80 Gauge: Sensitive fine- 5l Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 3.40 Inclinometer: v/ grained L— to silty sands
. . d
Cone Type: [-CFXYP20-15 Other: H Clay - organic soil 7 S;ﬁ; 22m§°
Tip Resistance (MPa) Initial: 1.3756 Final: 1.3779 Clays: clay to silty n Stiff sand to clayey
Local Friction (MPa) Initial: -0.009 Final: -0.0123 clay sand
L Lo Target Depth: 78 Silt mixtures: clayey e o ’
Pore Pressure (KPa) Initial: -0.0031 Final: -0.0058 9 P silt & sily cloy @ Stiff fine-grained
' Notes & Limitations Remarks

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various  |Effective Refusal

geotechnical soil and design parameters using methods published in P. K, Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of | Hole Depth (m): 4.21

any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report,

Sheet 1 of 1
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Job: 17414
MCcMILLAN Drilling CONE PENETRATION TEST
CPT No.: CPTu208
Name: Rosemerryn Hole Depth (m): 4.30 North (m): 5167796.27
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560069.52
Location: Ellesmere Road, Lincoin Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore Y
= A . Inclination Dr Su
= Re(sl:ns;aar;ce R(eAt,l)o Pr(is;au)re (Degrees) % al SBT Description (%) (kPa) Noo
[ a (filtered)
Q.
\ /A A (R S il IV (. 0 IS R R s od IRAEEN
! ' - H
: g L
[ ] )
— |
-_ 1 Clays: clay lo silty clay \
& | | J
: ] Sand mixlures: silty sand | \\
B i to sandy sill i
- 2 = Sand mixtures: silty sand \
. u to sandy silt ?
i i Sands: clean sands to ) |‘
= Al silty sands | |
B = Sand mixtures: silty sand / J
i: : to sandy silt ',{ ’|(
4 / J
, | ( (
_ N ) ¢ /
I ) N
] K.f
5 ¢ E
| - ] Sands: clean sands to
i N . silty sands .
EGQH: 4.3m 5 =
— 5 —
— 5 ]
r L

Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: -1.5601

Local Friction (MPa}) Initial: 0.0173

Pore Pressure (KPa) Initial: 0.0052

Date: 22/05/2018

Predrill: 0.00 Tip:
Water Level: 1.20 Gauge:
Collapse: 1.50 Inclinometer:
Other:
Final: -1.4439
Final: 0.0116
Final: 0.0036 Target Depth:

Effective Refusal

v

B

I

L

Soil Behaviour Type (SBT) - Robertson et al. 1986

Sand mixtures: silty

Undefined sand to sandy silt

Sensilive fine- ‘?1 Sands: clean sands
grained ! to silty sands
Clay - organic soil 7 v’

! gravelly sand

Clays: clay to silty B Stiff sand to clayey

clay sand
Silt mixtures: clayey : .
silt & silty clay ’E Stiff fine-grained

Notes & Limitations

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P, K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
| any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Remarks
Effective Refusal

Hole Depth (m): 4.30

Sheet 1 of 1
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MEMILLAN Drillifig

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu209

Name: Rosemerryn
Client: Aurecon NZ Ltd

Location: Ellesmere Road, Lincoln

Hole Depth (m): 3.63
Elevation (m): 0.00

Datum: Ground

North (m): 5167738.57
East (m): 1560318.04

Grid: NZTM

SOIL BEHAVIOUR TYPE

RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore L
= . N Inclination Dr Su
= i e Prossr® | Degrees) | 2 | 58T | sBTDescription | (%) (kPa) Neo
I ) ) 3 {filtered)
o
e 8 8 g€ 8 8 ~wm=uwmorealo 8 § 8§ 8| » 2 ® ~NOTIONDo 22838 |g8238888| 2832
T | 1 1 ] 1 O SO O O ITT(IDT 4 [ Ll | R N | |TTTTT? S
| r Silt mixtures: clayey silt & ¢ 1
" silty clay |
| o (
L \ \
) l i / /
- )
': L /
| : 4 f
! ' L Clays: clay 1o silty clay ' < ‘
| -, \
Ir 2 Sand mixtures: silty sand |
I | B lo sandy silt Fi
I r nm— J
- ( |
B i h=S ~
e ) /J
| - ( (
EGH: 3:63m B E
—
— 5 —
— 5 —
-
L

Operator: R. Wyllie

Date: 22/05/2018

Effective Refusal

Soil Behaviour Type (SBT) - Robertson et al. 1986

Sand mixtures: silty

Rig: Geomil Panther 100 Predrill: 0.00 Tip: v Undefined o andy it
Cone Reference: 151125 Water Level: 1.50 Gauge: Sensitive fine- | Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 2.70 Inclinometer: grained -—! to silty sands
Cone Type: I-CFXYP20-10 Other: [ clay - organic soi ;’;’;i‘;ys:ggf
| Tip Resistance (MPa) Initial: 1.9897 Final: 1.9199  Clays: clay to silty E Stiff sand to clayey
Local Friction (MPa) Initial: 0.0224 Final: 0.02 clay sand
. . . Silt mixt 2 ¢l e i
Pore Pressure (KPa) Initial: 0.0041 Final: 0.0025 Target Depth: Si||t émsiltl;rce:;yc ayey @ Stiff fine-grained
| Notes & Limitations Remarks

Dala shown on this reporl has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Effective Refusal

Hole Depth (m): 3.63

Sheet 1 of 1
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Job: 17414

MSMILLAN Drilliig CONE PENETRATION TEST

CPT No.: CPTu210
Name: Rosemerryn Hole Depth (m): 4.15 North (m): 5167704.95
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560131.44
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
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Operator: R. Wyllie Date: 22/05/2018 Effective Refusal Soil Behaviour Type (SBT) - Robertson et al. 1986
- A - . Sand mixtures: silty
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v Undefined B] o2 5 aamdy sit
Cone Reference: 170302 Water Level: 1.10 Gauge: Sensitive fine- T Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 2.40 Inclinometer: grained —! 1o silty sands
. . . . Dense sand to
- (-tone Type: I-CF).(YPZO-'I 5 . Other: @ Clay - organic soil _7_ Bl ==t
Tip Resistance (MPa) Initial: 1.3671 Final: 1.4049 5] Clays: clay to silty ﬂ Stiff sand to clayey
Local Friction (MPa) Initial: -0.0117 Final: -0.0165 o C‘f‘)’ . sand
Pore Pressure (KPa) Initial: 0.0214 Final: 0.0195 Target Depth: [F§ Silt mixtures: clayey (9] stiff fine-grained
R silt & silty clay =
Notes & Limitations Remarks
Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various Effective Refusal
geolechnical soil and design parameters using methods published in P. K. Roberison and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be
carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Lid do not warranty the correctness or the applicability of | Hole Depth (m): 4.15
any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report. Sheet 1 of 1
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Job: 17414
M<MILLAN Drilling CONE PENETRATION TEST
CPT No.: CPTu211
Name: Rosemerryn Hole Depth (m): 3.30 North (m): 5167607.96
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560251.75
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM
SOIL BEHAVIOUR TYPE
RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore e
= A ] Inclination Dr Su
= Resistance Ratio Pressure ) SBT .. Ngo
= a {Degrees) = SBT Description (%) (kPa)
3 (MPa) (%) (kPa) ‘%’ (filtered)
o
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Operator: R. Wyllie Date: 18/05/2018 Effective Refusal Soil Behaviour Type (SBT) - Roberts'on et al'. 1986
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v Undefined 5 f::g{:':;fg;‘sﬁ'tlty
Cone Reference: 170302 Water Level: 0.70 Gauge: Sensitive fine- -?-! Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 0.80 Inclinometer: grained ——! to silty sands
= I l
. (.:one Type: I-CFXYP20-15 . Other: Al Clay - organic soil gDr‘:':/Seleszgng
Tip Resistance (MPa) Initial: 1.3397 Final: 1.4119 Clays: clay to silty I_S__ Stiff sand to clayey
Local Friction (MPa) Initial: -0.0133 Final: -0.0148 == clay == sand
Pore Pressure (KPa) Initial: 0.0163 Final: 0.0127 Target Depth: EH ot eoie oy ™[9] stiff fine-grained
Notes & Limitations Remarks

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K, Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this reporl.

Effective Refusal

Hole Depth (m): 3.30
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MEMILLAN Drilliis

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu212

Name: Rosemerryn
Client: Aurecon NZ Ltd
Location: Ellesmere Road, Lincoln

Hole Depth (m): 3.48
Elevation (m): 0.00

Datum: Ground

North (m): 5167607.43
East (m): 1560109.60

Grid: NZTM

SOIL BEHAVIOUR TYPE

RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
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Operator: R. Wyllie

Date: 18/05/2018

Effective Refusal

Soil Behaviour Type (SBT) - Robertson et al. 1986

. . " . Sand mixt : silt
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v Undefined [55] D puiring
Cone Reference: 160925 Water Level: 1.60 Gauge: Sensitive fine- ; Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 2.20 Inclinometer: grained to silty sands
. . D d t
Cone Type: I-CFXYP20-15 Other: @ Clay - organic soil gl'?/?a?lyszgndo
Tip Resistance (MPa) Initial: 2.0645 Final: 1.814 Clays: clay to silty g | Stiff sand to clayey
| Local Friction (MPa) Initial: 0.0225 Final: 0.021 cl'ay ) sand
Pore Pressure (KPa) Initial: 0.0059 Final: 0.005 Target Depth: | ;ﬂté"'s)ﬁtl;riiydayey [9] stiff fine-grained
' Notes & Limitations Remarks

Generated with Core-GS by Geroc

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P, K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design parameters shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Effective Refusal

Hole Depth (m): 3.48

Sheet 1 of 1
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MEMILLAN D117

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu213

Name: Rosemerryn
Client: Aurecon NZ Ltd
Location: Ellesmere Road, Lincoln

Hole Depth (m): 6.96
Elevation (m): 0.00

Datum: Ground

North (m): 5167536.38
East (m): 1560020.37

Grid: NZTM

SOIL BEHAVIOUR TYPE

RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore .
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Operator: R. Wyllie
Rig: Geomil Panther 100
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 2.0674

Local Friction (MPa) Initial: 0.0212

Pore Pressure (KPa) Initial: 0.0045

Date: 18/05/2018

Predirill: 0.00
Water Level: 1.60
Collapse: 2.80

Final: 1.9701
Final: 0.0193
Final: 0.0008

Inclinometer:

Target Depth:

Effective Refusal

Soil Behaviour Type (SBT) - Robertson et al. 1986

Sand mixtures: silty

Tip: v paccingd E sand to sandy silt
Gauge: Sensitive fine- 5 Sands: clean sands
grained .| to silty sands

7] Dense sand to

Other: ~ Clay - organic soil e
rg_ Clays: clay to silty 8 Stiff sand to clayey
=4 clay sand

] Silt mixiures: clayey
L silt & silty clay

E Stiff fine-grained

Notes & Limitations

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Roberison and K.L. Cabal (2010), Guide to Cone Penetration

Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user, Both McMiflan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of

any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or

review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Remarks
Effective Refusal

Hole Depth {m}): 6.96

Sheet 1 of 1
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MCMILLAN Drilifig

CONE PENETRATION TEST

Job:

17414

CPT No.:

CPTu214

Name: Rosemerryn
Client: Aurecon NZ Ltd
Location: Ellesmere Road, Lincoln

Hole Depth (m): 6.65
Elevation (m): 0.00

Datum: Ground

North (m): 5167506.97
East (m): 1560201.51

Grid: NZTM

RAW DATA

SOIL BEHAVIOUR TYPE
(NON-NORMALISED)

ESTIMATED PARAMETERS
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Sand mixtures: silty sand
1o sandy silt

Clays: clay lo silly clay

Sands: clean sands to
silty sands

Sand mixtures: silty sand
1o sandy silt

Sands: clean sands to
silty sands ?

Silt mixtures: clayey silt &
silty clay

Clays: clay lo silly clay

EQH: 6.65m
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Operator: R. Wyllie

Date: 18/05/2018

Effective Refusal

Soil Behaviour Type (SBT) - Robertson et al. 1986

e f _— - Sand mixtures: silty
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v n Undefined { 5 Y
Cone Reference: 151125 Water Level: 1.50 Gauge: Sensitive fine- i Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 2.60 Inclinometer: grained — to silty sands
R . =1 D d &
Cone Type: I-CFXYP20-10 Other: I@ Clay - organic soil Il!l grzr\]/SeleS:gndo
Tip Resistance (MPa) Initial: 2.0319 Final: 2.0591 Clays: clay 1o siity E Stiff sand to clayey
Local Friction (MPa) Initial: 0.0189 Final: 0.0194 clay sand
Pore Pressure (KPa) Initial: 0.0075 Final: 0.0033 Target Depth: 4 [N ggﬁl‘;’if;y°'ayey [9] stif fine-grained
| Notes & Limitations Remarks

Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various
geotechnical soil and design parameters using methods published in P. K. Robertson and K.L. Cabal (2010), Guide to Cone Penetration
Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be

carefully reviewed by the user, Both McMillan Drilling Ltd & Geroc Solutions Ltd do not warranty the correctness or the applicability of
any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the resuits in any design or
| review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report.

Effective Refusal

Hole Depth (m}):

6.65

Sheet 1 of 1




Job: 17414

MCMILLAN Drilifig CONE PENETRATION TEST

CPT No.: CPTu215
Name: Rosemerryn Hole Depth (m): 7.04 North (m): 5167361.82
Client: Aurecon NZ Ltd Elevation (m): 0.00 East (m): 1560111.23
Location: Ellesmere Road, Lincoln Datum: Ground Grid: NZTM

SOIL BEHAVIOUR TYPE

RAW DATA (NON-NORMALISED) ESTIMATED PARAMETERS
Tip Friction Pore B
= . N Inclination Dr Su
= Resist Rat P SBT - N
E e(sl:nsP:r)ice (3/0')0 r(is;au)re (Degrees) 2 SBT Description (%) (kPa) .
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- 1 L
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| C 5 |
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[ 4 — to sandy sill )
‘ C Sill mixtures: clayey silt & . [
/ — silty clay
| h A i [
C ] )
| — 2 — Sand mixlures: silty sand
| L . to sandy silt
T 3 [['
| - '
B Silt mixtures: clayey silt &
: silty clay
N Sand mixlures: silty sand H
ol to sandy silt |
I {
— 4 |
ul Silt mixtures: clayey silt & | ! s ]
C silty clay | L
= |
| Tl Sill mixtures: clayey sill & [
— § silty ctay
| u ]
{
| : Silt mixtures: clayey silt & ‘
11 silty clay \ "
| C ] ) )
] ~ y S llI \
L i \ \
s —
= = \ \
B 3] Sands: clean sands to J ]
N ] silty sands \ R
N g _ N
-~ - b <\
\g“ .
EQH: 7.04m r i
Operator: R. Wyllie Date: 18/05/2018 Effective Refusal Soil Behaviour Type (SBT) - Robertson et al. 1986
. . 0. . ) Sand mixtures: silty
Rig: Geomil Panther 100 Predrill: 0.00 Tip: v/ Undefined I5] cand to e
Cone Reference: 160925 Water Level: 1.70 Gauge: = Sensilive fine- = Sands: clean sands
Cone Area Ratio: 0.75 Collapse: 3.30 Inclinometer: grained {o silty sands
. . =Y - e =] Dense sand to
Cone Type: I-CFXYP20-15 Other: Clay -organicsoil 7] (2vo0 S
Tip Resistance (MPa) Initial: 1.3107 Final: 2.0432 Clays: clay to silty B Stiff sand to clayey
Local Friction (MPa) Initial: 0.0272 Final: 0.02 clay sand
- S Target Depth: Silt mixtures: clayey ; arai
Pore Pressure (KPa) Initial: 0.0111 Final: 0.003 9 it & sitty clay E Stiff fine-grained
Notes & Limitations Remarks
Data shown on this report has been assessed to provide a basic interpretation in terms of Soil Behaviour Type (SBT) and various Effective Refusal

geotechnical soil and design parameters using methods published in P. K. Roberlson and K.L. Cabal (2010), Guide to Cone Penetration

Testing for Geotechnical Engineering, 4th Edition. The interpretations are presented only as a guide for geotechnical use, and should be
carefully reviewed by the user. Both McMillan Drilling Ltd & Geroc Solutions Lid do not warranty the correctness or the applicability of | Hole Depth (m): 7.04

any of the geotechnical soil and design paramelers shown and does not assume any liability for any use of the results in any design or
review. The user should be fully aware of the techniques and limitations of any method used to derive data shown in this report. Sheet 1 of 1
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TEST DETAIL

PointlID:
Sounding:

PointiD:
Sounding:

PointID:
Sounding:

PointID:
Sounding:

PointID:
Sounding:

CPTu201
201

Operator: R. Wyllie
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: -CFXYP20-15

Tip Resistance (MPa) Initial: 1.3707
Local Friction (MPa) Initial: -0.0114
Pore Pressure (kPa) Initial: 0.0029

CPTu202
202

Operator: R. Wyllie
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 1.985
Local Friction (MPa) Initial: 0.0236
Pore Pressure (kPa) Initial: 0.0039

CPTu203
203

Operator: R. Wyllie
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 1.9945
Local Friction (MPa) Initial: 0.0235
Pore Pressure (kPa) Initial: 0.0075

CPTu204
204

Operator: R. Wyllie
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3563
Local Friction (MPa) Initial: -0.0114
Pore Pressure (kPa) Initial: 0.0072

CPTu205
205

Operator: R. Wyllie
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: -1.4917
Local Friction (MPa) Initial: 0.0198
Pore Pressure (kPa) Initial: 0.0085

MCMILLAN Drilli5g

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

22/05/2018
0.00
1.70
2.30

1.38
-0.0128
-0.0051

22/05/2018
0.00
1.60
1.70

12.1001

0.02
-0.0043

22/05/2018
0.00
1.50
1.70

2.0254
0.0197

:0.0015

22/05/2018
0.00
1.40
2.40

1.3881
-0.0132
-0.0017

22/05/2018
0.00
1.80
4.00

-1.3956
0.011
0.003

Effective Refusal

Tip: v

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v/

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v~

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v/

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip:
Gauge:

Inclinometer: v

Other:

Target Depth:
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TEST DETAIL

PointlD:
Sounding:

PointID:
Sounding:

PointID:
Sounding:

PointID:
Sounding:

PointID:
Sounding:

CPTu206
206

Operator: R. Wyliie
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: -1.4662
Local Friction (MPa) Initial: 0.0218
Pore Pressure (kPa) Initial: 0.0072

CPTu207
207

Operator: R. Wyllie
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3756
Local Friction (MPa) Initial: -0.009
Pore Pressure (kPa) Initial: -0.0031

CPTu208
208

Operator: R. Wyllie
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: -1.5601
Local Friction (MPa) Initial: 0.0173
Pore Pressure (kPa) Initial: 0.0052

CPTu209
209

Operator: R. Wyllie
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 1.9897
Local Friction (MPa) Initial: 0.0224
Pore Pressure (kPa) Initial: 0.0041

CPTu210
210

Operator: R. Wyllie
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3671
Local Friction (MPa) Initial: -0.0117
Pore Pressure (kPa) Initial: 0.0214

MCSMILLAN Drillif5g

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

Date:
Predrill:
Water Level:
Collapse:

Final:
Final:
Final:

22/05/2018
0.00
1.40
1.60

-1.4953
0.0114
-0.0002

22/05/2018
0.00
1.80
3.40

1.3779
-0.0123
-0.0058

22/05/2018
0.00
1.20
1.50

-1.4439
0.0116
0.0036

22/05/2018
0.00
1.50
2.70

1.8199
0.02
0.0025

22/05/2018
0.00
1.10
2.40

1.4049
-0.0165
0.0195

Effective Refusal

Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v

Effective Refusal

Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v

Effective Refusal

Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v

Effective Refusal

Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v

Effective Refusal

Tip:

Gauge:
Inclinometer:
Other:

Target Depth:

v
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TEST DETAIL

PointID:
Sounding:

PointID:
Sounding:

PointiD:
Sounding:

PointID:
Sounding:

PointlID:
Sounding:

CPTu211
21

Operator: R. Wyllie
Cone Reference: 170302
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3397
Local Friction (MPa) Initial: -0.0133
Pore Pressure (kPa) Initial: 0.0163

CPTu212
212

Operator: R. Wyllie
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 2.0645
Local Friction (MPa) Initial: 0.0225
Pore Pressure (kPa) Initial: 0.0059

CPTu213
213

Operator: R. Wyllie
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 2.0674
Local Friction (MPa) Initial: 0.0212
Pore Pressure (kPa) Initial: 0.0045

CPTu214
214

Operator: R. Wyllie
Cone Reference: 151125
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-10

Tip Resistance (MPa) Initial: 2.0319
Local Friction (MPa) Initial: 0.0189
Pore Pressure (kPa) Initial: 0.0075

CPTu215
215

Operator: R. Wyllie
Cone Reference: 160925
Cone Area Ratio: 0.75
Cone Type: I-CFXYP20-15

Tip Resistance (MPa) Initial: 1.3107
Local Friction (MPa) Initial: 0.0272
Pore Pressure (kPa) Initial: 0.0111

MCSMILLAN Drilli&g

Date
Predrill
Water Level
Collapse

Final
Final
Final

Date
Predrill
Water Level
Collapse

Final
Final
Final

Date
Predrill
Water Level
Collapse

Final
Final
Final

Date
Predrill
Water Level
Collapse

Final
Final
Final

Date
Predrill
Water Level
Collapse

Final
Final
Final

1 18/05/2018
:0.00
:0.70
1 0.80

11.4119
:-0.0148
10.0127

: 18/05/2018
:0.00
:1.60
12.20

11.814
:0.021
:0.005

1 18/05/2018
10.00
1 1.60
12.80

11.9701
:0.0193
:0.0008

: 18/05/2018
:0.00
:1.50
12.60

:2.0591
:0.0194
:0.0033

: 18/05/2018
:0.00
:1.70
:3.30

12.0432
:0.02
1 0.003

Effective Refusal

Tip: v~

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v~

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v

Gauge:
Inclinometer:
Other:

Target Depth:

Effective Refusal

Tip: v/

Gauge:
Inclinometer:
Other:

Target Depth:
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CPT CALIBRATION AND TECHNICAL NOTES

These notes describe the technical specifications and associated calibration references pertaining to the following cone types:

o I-CFXY-10 measuring cone resistance, sleeve friction and inclination (standard cone, 10cm?);

. I-CFXY-15 measuring cone resistance, sleeve friction and inclination (standard cone, 15¢cm?);

. I-CFXYP20-10 measuring cone resistance, sleeve friction, inclination and pore pressure (piezocone, 10cm?);

. I-CFXYP20-15 measuring cone resistance, sleeve friction, inclination and pore pressure (piezocone, 15cm?);

. I-C5F0p15XYP20-10 measuring sensitive cone resistance, sleeve friction, inclination and pore pressure (piezocone, 10cm?).

Dimensions

Dimensional specifications for all cone types are detailed below. Al tolerances are routinely checked prior to testing and
measurements taken are manually recorded on CPT field sheets. All field sheets are kept on file and available on request.

A.P. van den.Berg [ DEVIATION Standards:
Machinefabriek
of Stralghtness EN 1SO 22476-1
. = + ot
:ff;@;g\fa(:ggew e MINIMUM Dimensions APBStagdand
9. tip, friction jacket, cone adapter
Type of cone: Icone 10 am’ p————r— Icone 15an’ e [_1
A —— . Et [
Diameter of tip: 35,3 <d1 £36,0 43,2<d, £44,1
Diameter of centering ring CFP 35,3 < d1 < 36,0 43,2 <d, £ 44,1
Diameter of friction jacket: d, £d, <d; + 0,35 d, £d,<d, +043
Helght dimension of tip edge: 7<h 210 9<h <12
z
PRODUCTION DIMENSIONS
) | 0,2
Tip: d = 357 ° ‘ ril d = 438 °
0,2 +0,2
Jacket (C-cone): d, =357 ° ‘ | ;=437 °
=01 +1),1
Friction jacket (CF-cone): d, =359 ° d; =44,0 °
=04 0,
Tip for used cone: d =355 " | d, =435 ° & 4
MINIMUM DIMENSIONS 2
Minimum diameter jacket d, = 35,2 (APB standard) d, = 43,0 (APB standard)
(C-cone): — N
L |
Minimum diameter friction jacket d, = 35,3 [ d, =432
(CF-cone): |
o
~y
Use "used cone™tip when d, < 35,65 ‘ d, < 437 E
friction jacket diameter:
Minimum diameter of cone d=353 d=438
adaptor: d2
Maximum deviation of 1 mm on a tength of 1 mm on a length of
straghtness: 1000 nwm ) _| 1000 mm
(max. oscHlation 1,0 mm.) et {max. oscillation: 2.0 mm) = 7
— \W4
g —— A\
: ‘T"'_". \/
dl
|
1A | { |
;- by Ty - [ K
=) it
3 1 .-'::-_‘_I’ :{ - | |
1 : il
X ) Cone area ratio ) 75
L | 18, {
Bl dom ], APt b
B oM a=A/B=075 Brd T HE

MCSMILLAN Drillifig
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CPT CALIBRATION AND TECHNICAL NOTES (cont.)

Calibration

Each cone has a unique identification number that is electronically recorded and reported for each CPT
test. The identification number enables the operator to compare ‘zero-load offsets’ to manufacturer
calibrated zero-load offsets.

The recommended maximum zero-load offset for each sensor is determined as + 5% of the nominal
measuring range.

In addition to maximum zero-load offsets, McMillan Drilling also limits the difference in zero load offset
before and after the test as + 2% of the maximum measuring range. See table below:

Tip (MPa) Friction (MPa) Pore Pressure (MPa)
Maximum Measuring Range: 150 ' 1.50 3.00 ]
INominal Measuring Range: 75 .[ 1.00 2.00 ]
lMax. ‘zero-load offset’: 7.5 i 0.10 0.20
!Max ‘before and after test’: 3 0.03 0.06

Note: The zero offsets are electronically recorded and reported for each test in the same units as that of
each sensor.

MCMILLAN Drillifig



CONE CERTIFICATES
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Icone (all versions)
Supplier: A.P. v.d. Berg Machinefabriek, Heerenveen The Netherlands
Production-order: 73444
Client: McMillan
Cone-type: 1-CFXYP20-10
Cone-number: 151125
g Required Checked
To test / To check item value value
Check Quad-ring groove behind friction sleeve with check ring; Sleeve
Sample testing: 1 of every 5 Icones is tested. fixed 0/1/
Isolation-resistance. >0.5 GQ ) G
Stralghtness: Icone 5, 10 and 15 cm? S < 2.2, mm. T = ——
At Icone base: S < 0,2 mm o i
“Classic calibration” NOT present!
O.K.
Check of calibration-file: “Classic calibration” removed. /
Check alarm-settings Icone. Alarm values are set, (Kill Shutdown). O.K. cK
Software version - check at opening screen, version: | /7
Calibration date of Icone; check cone data [F1]..[F1]. 0.K. L
Initial zero-Value Tip after calibration — within 1.0 % of nominal load. Value: qeco, MPa
Initial zero-Value Local Friction after calibration — within 1.0% of value: caez/ MPa
nominal load. [
Initial zero-Value Pore Pressure after calibration — within 1.0% of i
nominal load. Valuc: a € ko
Initial zero-Value Inclination X. -1o< X <+1° Value: g3 e
Initial zero-Value Inclination Y. -1° <Y <41° Value: -0, °
Measurements Tlp resistance OK? Tested range | —7¢ y/ da
Influence Tip load on Local Friction and Pore Pressure: LF < 10 kPa 4407 gy
Max. tip load: 5 cm®: 65 MPa; 10 cm? 100 MPa; 15 cm?: 75 MPa. PP <% nom | oz /7 '
Measurements local friction OK? Tested range: |0~/ /747
Local friction at max. load. Tested value: | & /-fpﬁ’
Measurements Pore Pressure OK? Tested range: |~ - /1/’7/
Measure Pore Pressure to 150%. Tested value: Qe
Measurements Inclination OK? Tested range: |7}/ —0-,?4
Cone recognition on disconnecting and connecting Icone again? Yes CA’
Remarks: :
7N}
@ / 1Ry -0 - ]
Callbrated by: /. :{ Cr wear Date: ¢&—/c ~2€|  Slan Q T
5 o 7 3 & . |
Final check: ‘\/T 0 ey WJ&'Y Date.5 /-10 -2or Sign.: C

-

Ol g

R:\ERD\Beproevingsprotocolien\Beproevingsprotocol Icone English verston Mc Millan.doc.docx

MCMILLAN Drillifig
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CONE CERTIFICATES

TEST CERTIFICATE

Icone (all versions)

Supplier: A.P. v.d. Berg Machinefabriek, Heerenveen The Netherlands

Production-order: -9 5 /Y

Client: (e 137, Heawn

Sohe Svpe: I-CFXYP20o-15

Cone-number: ) A cg ;g

[ Required Checked

To test / To check item value value
Check Quad-ring groove behind friction sleeve with check ring; Sleeve /
Sample testing: 1 of every 5 Icones is tested. fixed
Isolation-resistance. >0.5 GQ /.1 G
Stralghtness: Icone 5, 10 and 15 am? S < 2.2. mm. _ ;
At Icone base: S < 0,2 mm S<=22mm | (.4 mm
“Classic calibration” NOT present!

K
Check of calibration-file: “Classic calibration” removed. 0 /
Check alarm-settings Icone. Alarm values are set. (Kill Shutdown). oK. O K
Software version - check at opening screen. version: 1.0
Calibration date of Icone; check cone data [F1]..[F1]. OK. O i<
Initial zero-Value Tip after calibration — within 1.0 % of nominal load. Value: -0.0C3 MPa
Initial zero-Value Local Friction after calibration — within 1.0% of .
nominal load. Valve:  fpooc| MPa
Initial zero-Value Pore Pressure after calibration — within 1.0% of ) 1
nominal load. wakie: {.4 kpa
Initial zero-Value Indination X. -1°< X <+1° Value: -o2 ©°
Initial zero-Value Indination Y. 10 <Y <+1° Value: o3 e
Measurements Tip resistance OK? Tested range |( - ] S HP,
Influence Tip load on Local Friction and Pore Pressure: LF <10kPa | « KkPx
Max. tip load: 5 cm?: 65 MPa; 10 cm?: 100 MPa; 15 cm?: 75 MPa. PP <%2%nom | o0 [Py
Measurements local friction OK? Testedrange: | 0 - | MPa
Local friction at max. load. Testedvalue: | | § HP,
Measurements Pore Pressure OK? Tested range: | = o [
Measure Pore Pressure to 150%. Tested value: | 2000 /%
Measurements Indination OK? Tested range: | 0 ij-0- +)y
Cone recognition on disconnecting and connecting Icone again? Yes \f 2>
{

Remarks:

Calibrated by: [1) , Jong

Datezzﬁ-o?- 16

Final check: "V 1/ _,.. Aer ( Mecv

R:\EBD\Beproevingsprotocoiien\Beproevingsprotacol Icone English version Mc Millan.doc.docx

MCMILLAN Drill
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CONE CERTIFICATES
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Icone (all versions)
Supplier: A.P. v.d. Berg Machinefabriek, Heerenveen The Netherlands
Production-order: 74378
Client: Mc Millan
Cone-type: 1-CFXYP20-15
Cone-number: 170302
) Required Checked
To test / To check item value value
Check Quad-ring groove behind friction sleeve with check ring; Sleeve
Sample testing: 1 of every 5 Icones is tested. fixed —
Isolation-resistance. >0.5 GQ g 6
Straightness: Icone 5, 10 and 15 ¢cm? S < 2.2. mm. s<=22mm lcae mm
At Icone base: S < 0,2 mm o 13
"Classic calibration” NOT present!
oK.
Check of callbration-file: “Classic callbration” removed. /
Check alarm-settings Icone. Alarm values are set. (Kill Shutdown). O.K. O A/
Software version - check at opening screen. version: o)
Calibration date of Icone; check cone data [F1]..[F1]. O.K. oﬁ’
Initial zero-Value Tip after calibration — within 1.0 % of nominal load. Value: QooZ MPa o.0Cc6 V[Pq
Inltial zero-Value Local Friction after calibration — within 1.0% of , .
nominal load. s -geo MPa |-0,0041p,
Initla! zero-Value Pore Pressure after calibration ~ within 1.0% of . 2 .
nominal foad. vaie o~ Kal.55 Ry
Inltial zero-Value Inclination X. -1°< X <+1° Value: o< »°
Inital zero-Value Inclination Y. -1° < Y <+1° Value: 0g °
Measurements Tip resistance OK? Tested range | (> - 7.5 e/ a
Influence Tip load on Local Friction and Pore Pressure: LF < 10 kPa CCf?
Max. tip load: 5 cm?® 65 MPa; 10 cm?: 100 MPa; 15 em?: 75 MPa. PP <% nom 2/
Measurements local friction OK? Tested range: | () —1 /79
Local friction at max. load. Tested value: | / &~ b/
Measurements Pore Pressure OK? Tested range: | - 2ccc /°
Measure Pore Pressure to 150%. Tested value: | Joae fja?
Measurements Inclination OK? Tested range: 24 .9,24
Cone recognition on disconnecting and connecting Icone again? Yes O/{
Remarks
e
_rrd
N : .J 3 " L2l : 5 ’: .: h‘—-j
Calibrated by: (" j Creg 7 Date:02/65/7c /7| Sign A/; )
Finai check: J o zen a«i{ v Py Date: <, /03/"" 7| sign.: %

R:\ERD\Beproevingsprotocollen\Beproevingsprotocol Icone English version Mc¢ Millan.doc.doox
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Bore Log

Client:

MSMILLANDDrilliEg  |orojece

Bore No.:

Aurecon NZ Lid

BH201

Job No.:

Rosemerryn 17414
Site Location: Ellesmere Road, Lincoln Date Commenced: 17/05/2018
Grid Reference: 1560343.49mE 5168107.7mN NZTM Date Completed: 17/05/2018
Rig Operator: C. Nee Elevation (m): 0.00
Rig Model & Mounting: AMS VTR9570 - track Datum: Ground
2 2 553 i
£ 3 2 §§ L5 w = Installation
h -] 2 ° = o] 29 o2 ® = &
. 2 3 o = o z5 = s L2
Description = ‘£ 3 3 = [ 25 £'aod Resources
2 a x a S NS £33 £8
= ® w2 ne 8 £
o] £2 &
Thnno | RBR 28358 1,00m stick up
No sample recovery. E AR NS Z 3
E- E = ner N £% E
= Eo5—iR N 23 -
3 ER T ] g 3
3 E_ _EN/_R N7 ';
| — 10— N/R N =]
E E R N 3
g I nR N f
E | E=15—3w/r N/ =
L E Sne M 3
= 8 F B O_Erup N 4 E
13 = 3 MR N i 32 mm E
3 E B SR N/ “Elank pipe
= L E ,5—3 NR N (4.0m) E
5 E 3 MR N E
- | e E-a0—iR N/ E B =3
3 8 F R b 5~ 3
= E PR N = ]
1 E3573 ner W =
= — —poR NS 4
E I NR N =
| A T e E
3 S = <32mm 3
= E 4 5_'—'qu N Slolted pipe _3
E B 4 wilh E
3 E E _, geotextile 3
E | _—:_5 D_E":i’ M" ! filter sock 3
E E i 4 oot 5(1,0m) E
EOH: 5.2m -
Remarks Additional Resources:
Geotechnical investigation borehole Plastic Liner / PVC Splits m ¥
Core boxes no.
Static water levels: Flush Mo_ug{:rd“;l'at:gy Box ea
1.40m bgl at casing depth of 5.00m; 18/5/2018, 4:40 pm — Environmental ea
Above Ground Protective Surround ea
No liters water added Geotextile Sock m 1.0
Hand Clear Location ea
Decontaminate Equipment ea v

Drivability

1 Easy Push - No Hammer \ Fast Penetration

2 Relatively Easy Push - Light Hammer \ Relalively Fast
3 Mediumn Push - Consisient Hammer \ Medium

4 Hard Push - Full Hammer \ Somewhal Slow

5 Very Hard Push - Full Hammer \ Very Slow

120 High Street, Southbridge 7602, Canterbury, New Zealand ph: (03) 324 2571 fax: (03) 324 2431  web: www.drilling.co.nz

Hole Depth: 5.2m

Page 1 of 1

Created: 21/05/2018 12:37:36 p.m
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Bore Log

MCMILLAN Drillifs

Client:

Project:

Aurecon NZ Ltd

Bore No.:

BH202

Job No.:

Rosemerryn 17414
Site Location: Ellesmere Road, Lincoln Date Commenced: 17/05/2018
Grid Reference: 1560239.44mE 5167880.67mN NZTM Date Completed: 17/05/2018
Rig Operator: C. Nee Elevation (m): 0.00
Rig Model & Mounting: AMS VTR9570 - track Datum: Ground
2 2 g9 .
£ g e 22 2 v = Installation
H] 2 8 | g | 4 38 Rips 2 By &
Description £ 2 g | 8| 2 Z3 g 2.%%
P 5 (S @ E B2 35 £'¢ Resources
7] o 14 a a oS =3 ES
= g G2 78 3 §
© E= o
-0 A FeN=2"1] co0oo )
AR ] RN Pk i o 0.70m slick up
No sample recovery. MR N
S NR N %
_SNCR NS 58
3 RN 23
a E
2 ~3 N/R M = & 32mm
g _;N/R i TS Blank pipe
= 3 NR N (2.0m)
o TINCR N/
£ 3 e N
=] =3
o _NR N Tz
B ERZ I 58 =2
2 N/R N/ s =4 = 32 mm g
S RN = =1 Slotted pipe _3
N/R N/ H=A 1. with
= = geolexlile =
__gNT;R N:‘ =]} filter sock
2 EI N Llg (1.0m) 3
EOH: 3.2m s
Remarks Additional Resources:
Geotechnical investigation borehole Plastic Liner / PVC Splits m -
Core boxes no.
Slatic water levels: Flush Mounted Toby Box
1.45m bgl at casing depth of 3.00m; 18/5/2018, 4:47 pm N Eﬁ,a\,?ﬁf,‘.,’%ema, 22
i Above Ground Proleclive Surround ea
No liters water added Geotextile Sack m 1.0
Hand Clear Location ea
Decontaminate Equipment ea v

Drivability

1 Easy Push - No Hammer \ Fast Penetralion

2 Relalively Easy Push - Light Hammer \ Relatively Fast

3 Medium Push - Consislenl Hammer \ Medium
4 Hard Push - Full Hammer \ Somewhat Slow
5 Very Hard Push - Full Hammer \ Very Slow

120 High Street, Southbridge 7602, Canterbury, New Zealand ph: (03) 324 2571 fax: (03) 324 2431

Hole Depth: 3.2m

web: www.drilling.co.nz

Page 1 of 1

Created: 21/05/2018 12:37:36 p.m,



Bore Log

Client:

MSMILLANDrilliEg  [orojece

Aurecon NZ Lid

Rosemerryn

Bore No.:

BH203

Job No.:

17414

Site Location: Ellesmere Road, Lincoln
Grid Reference: 1560173.8mE 5167679.57mN NZTM
Rig Operator: C. Nee
Rig Model & Mounting: AMS VTR9570 - frack

Date Commenced: 17/05/2018
Date Completed: 17/05/2018

Elevation (m): 0.00

Datum: Ground

2 2 $5 :
= o 4 Se 25 2 Installation
° a 2 = ] >8 F3c o =
L 2 (3 ) £ © zE -3 s o8
Description £ = K 3 = g ER g£'of Resources
s = = g *2 He s E=*
[ . 5 w5
Thorl quor ISDTe 0.70m stick up
t | Nosampie recovery. E PR N
3 = = NR N o® 3
' - b | == 3
| E-05—fR N7 s3 —
E £ 3 nR M 83 E
3 g 2
= £ F—10— N/R N Beom -~ —
g £ £ 3or N -4 32mm i
I S e =N ~Blank pipe <
: ~ E 3 NR N (2.0m) E
E o E-182N/R N/ :
E '% i.'_ _E MN/R N e
E o E R ONS 2% 3
1 F 20— s = =3
i a E 3 NR N 5c fi= 15 32 mm E
= = = = [l = 2> =
3 S E E ML ge B " Siolled pipe 3
— F—a5— N M = e -
E E RN = geolextile 3
3 E HnR N = fiter sock 3
= E—30—N/F N~ ] dom 3
EOH: 3.1m H
Remarks Additional Resources:
(Geotechnical investigation borehole Plaslic Liner / PVC Splits m -
Core boxes no.
Static water Ieve!s: i . st Mo_urs'nt[gﬂl;fa?gy G ea
1.40m bg! at casing depth of 3.00m; 18/5/2018, 4:50 pm — Environmental ea
Above Ground Prolective Surround ea
No liters water added Geotextile Sock m 1.0
Hand Clear Location ea
Decontaminate Equipment ea v

Drivability

1 Easy Push - No Hammer | Fast Penetralion

2 Ralatively Easy Push - Lighl Hammer \ Relatively Fast

3 Medium Push - Consistent Hammer \ Medium
4 Hard Push - Full Hammer \ Somewhat Slow
5 Very Hard Push - Full Hammer \ Very Stow

120 High Street, Southbridge 7602, Canterbury, New Zealand

Generated by GEROC Core-GS

ph: (03) 324 2571 fax: (03) 324 2431

Hole Depth: 3.1m

web: www.drilling.co.nz

Page 1 of 1

Created: 21/05/2018 12:37:36 p.m



Bore Log

Client:

MCSMILLAN Drilli

Project:

Aurecon NZ Ltd

Rosemerryn

Bore No.:

BH204

Job No.:
17414

Site Location: Ellesmere Road, Lincoln
Grid Reference: 1560065.43mE 5167384.18mN NZTM
Rig Operator: C. Nee
Rig Model & Mounting: AMS VTR9570 - track

Date Commenced: 17/05/2018
Date Completed: 17/05/2018
Elevation (m): 0.00
Datum: Ground

Generated by GEROC Core-GS

2 ol 85 .
= g 2 S 25 o £ Installation
° e 0 I = i o3 o 3 &
ibti 2 > 14 B o Zz5 =g 2 2L
Description £ £ e 5 = [y 3£ £'2d Resources
2 [ a a oS5 =8 s E&
= @ w2 (73 a =
= Lo )
-—nmew | LOWN o cogooo Ev -
il Ik 19T % _ 0.70m stick up
£ | No sample recovery. EXCI
3 = N/R H iy
E 3 =8
E —INCR N $2
E b | T
E 4 NR N g3
3 MR NS
- — NR N
E NSR NS
5 I NR N
E | £ TR W/
- £ 5 W N
E | ~ _IN/R R/
i = RN
3 g “NSR N/ -
[ = 3 nrR N 2 E
3 8 MR N/ 52
3 = ERV e
= —N/R N/ L
3 Anr N 718 32 mm
EV I 1 Slotied pipe
3 353 nr N _with
E SN/R N geolextile
3 3 I NR N filler sock
| E 0" . | .om)
EOH: 4.1m *
Remarks Additional Resources:
(Geotechnical investigation borehole Plastic Liner / PVC Splits m a
Core boxes no.
Slalic water levels: Flush M°_“g}:ggaorgy Box -
1.50m bgl at casing depth of 4.00m; 18/5/2018, 4:00 pm - Environmental ea
Above Ground Protective Surround ea
No liters water added Geotextile Sock m 1.0
Hand Clear Location ea
Decontaminaie Equipment ea v
Drivability
1 Easy Push - No Hammer \ Fasl Penelration
2 Relatively Easy Push - Light Hammer \ Relalively Fast
3 Medium Push - Consisient Hammer \ Medium
4 Hard Push - Full Hammer \ Somewhal Slow
5 Very Hard Push - Full Hammer \ Very Slow

120 High Street, Southbridge 7602, Canterbury, New Zealand ph: (03) 324 2571 fax: (03) 324 2431  web: www.drilling.co.nz

Hole Depth: 4.1m
Page 1 of 1

Created: 21/05/2018 12:37:36 p.m.
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Bore Log

Client:

MEMILLANDrliES  froject

Aurecon NZ Ltd

Bore No.:

BH205

Job No.:

Rosemerryn
v 17414
Site Location: Ellesmere Road, Lincoln Date Commenced: 18/05/2018
Grid Reference: 1559804.09mE 5167801.92mN NZTM Date Completed: 18/05/2018
Rig Operator: C. Nee Elevation (m): 0.00
Rig Model & Mounting: AMS VTR9570 - track Datum: Ground
o=
£ £ 2 23 2o 2 Installation
2 8 H = ~ 3 § oS 5 = &
L. o [ 1] = o z5 =3 =, 98
Description £ ] e | 5| = 8 35 g'ep Resources
= a a g %3 & s E=
~ N
4] £2 4
$ ? @ ‘:;’; £3 0.50m slick up

SILT with some peat; dark brown,

o
i

] et

N=4

brown. Sand. medium.

I

‘ Fine SAND with trace of silt; light brown. Ll
_ Fine to medium SAND; brown. -
[ | Fine SAND; grey. 280
Fine SAND; brown. 90
_ Fine to coarse GRAVEL with some sand; 0%

Dual tube - 70mm OD

R B R

!

N=7

N=8§

N=0

brown. Sand, fine to medium,

b i Rkl S bid |ARALLLOAT FRSEL AR Hidad

Fine to medium GRAVEL with minor sand; .50
& | brown. Sand, medium.
t— Fine SAND with trace of gravel; brown. 7 0sl
E | Gravel, fine.
E WOOD. 800
Fine to coarse GRAVEL with some sand; )

0

.

ki ) R R A4 L ALY R ) G LELAL it ALY A L b AL bl

2
g
0.0/1,1.1.1 9.00-9.04m |o
450mm §
N=4 g
2
5
s
g
2]
e SPT(C) 10,50m
o 17,16/ 20, 22, 14,4
3. o 405mm Effective Refusal
o N =60+
97y
2
o5
6%
=t al
2

SPT (S) 1.50m SPTLS
1,171,111 1.50 - 1.95m
450mm

SPT (S) 3.00m SPTLS
1,111,2,2,2 3.00 - 3.45m
450mm

SPT(C)4.50m
o)§16,13/14,13,15,12
450mm

N =54

5,3/3,2,2,1
450mm

I]SPT (C)6.00m

0.0/0,000
450mm

I]SPT[C)7.50m

JSPT (S)9.00m =\ SPTLS

SPT(C)12.00m

Bantonite
(0.2 bags)

Filler sand
(0 7 bags)

7 B

32 mm

{6.0m)

600m

" 32 mm

T

I with

(1.0m)

6,775,4,3,5
450mm

L]

JN=17

Remarks

Geotechnical investigation borehole with SPT lesting
Stalic water levels:

1.45m bgl at casing deplh of 8.00m; 18/5/2018, 1:00 pm
1.50m bgl at casing depth of 7.00m; 18/5/2018, 2:30 pm
500 liters water added

Safety auto trip hammer #396 used (energy ratio 83.3%)

Plastic Liner / PVC Splits
Core boxes
Flush Mounted Toby Box
- Standard
- Environmental
Above Ground Protective Surround
Geotextile Sock
Hand Clear Location
Decontaminate Equipment

Additional Resources:

Drivability

1 Easy Push - No Hammer \ Fast Penelration
2 Relatively Easy Push - Light Hammer \ Relatively Fast

|~ Blank pipe

i | Slotted pipe

£ geotextile
4 S filter sock

uuﬂuulnuh...h.nl..l I il iiilbbill<>ii|<lll|llil]bililIIilIlln||lllll|¢ll|ll<|lllll‘|rllll‘\»fllln|l»ll||ilIIIllIfllllIIIIIl|Jlili ullnlln«»l-lul PETIITETIITITRINuT] |||Iiuu|uull-nlu|>I|.ul|Il.nlIinlnuhullnnllln

3 Medium Push - Consistenl Hammer \ Medium
4 Hard Push - Full Hammer \ Somewhat Slow
5 Very Hard Push - Full Hammer \ Very Slow

120 High Street, Southbridge 7602, Canterbury, New Zealand  ph: (03) 324 2571 fax: (03) 324 2431

Hole Depth: 12m

web: www.drilling.co.nz

Created: 21/05/2018 12:37:36 p.m.
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Report ID: AGS4 BOREHOLE RECORD || Project: 224464 ROSEMERRYN 2018 BH.GPJ || Library; AGS 4_10.GLB || Date: 19 June 2018

WWW.3Urecongroup.com PROJECT NO. 224464
Rosemerryn Subdivision
PROJECT . o
Lincoln
METHOD Borehole CO-ORDINATES (NZTM) SHEET 1 of 1
E 1559804
MACHINE & No. AMS VTR9570 - track N 5167802 DATE from 18/05/2018 to  18/05/2018
FLUSHING MEDIUM  Water ORIENTATION VERTICAL GROUND-LEVEL m RL
Water | o o o = STRATA DESCRIPTION
2 iN’ povel (m 2] 2 2 g f= o 8 Fe SUBORDINATE FRACTION, MAJOR FRACTION, MINOR FRACTION, COLOUR
28| 22 | shit |_9[8g8¢ 5 Tests Samples | 8 2 | B B STRUCTURE, STRENGTH, MOISTURE CONDITION
=
5| £E£ 2959l @ ko] e 9 L c [ GRADING, BEDDING, PLASTICITY, ETC
= % B | start/ o o= ol g x o
T e T g T ol 0|5 @ i) ~ e 54 {NZ GEOTECHNICAL SOCIETY - FIELD DESCRIPTION OF SOIL AND ROCK)
oa | Oo | end |BExfFx|jne fragi= - e 0.00 et
- 25 : E 2 21 SILT with minor sand: dark brown, Moist, low plasticity;
- 7 = nsand, fine.
- 7 - 0.70 x SILT with minor sand; grey mottied orange and brown.
- ; BH E Moist, low plasticity; sand, fine.
2 7 = 0.50m Becomes with some sand.
- f . CORELOSS
: l(f*ﬂ)' i 2 E Fine to coarse SAND with minor silt; light brown grey.
- /// N=4 Z_ Moist.
/ BH -
% - 2.50m Becomes biuish grey. Wet.
- / : 2.60m - 3.00m Becomes with some organic silt lenses;
5 (1.1,1.2 3:00 E dark brown. Wet, siightly odorous.
: % e - 3.00m Becomes fine to coarse, orange brown.
% BH E
/ (16, 13. - ) 4.30m Becomes with some fine to coarse gravel,
o 14,13, 15 o °0 &4 \subangular to subrounded.
2 / :\,Zl 54 E 2 o 9| Fine to coarse GRAVEL with some sand and minor silt;
r é o o °y o°4 grey. Saturated, subangular to subrounded; sand, fine to
- /% - 0 p 0| coarse.
- % a o~ o
- % P
E gS_ \(25'13)' 3.2 S0 F o Gravelly fine to medium SAND; dark brown. Saturated,
o ’é N=8 £ o ‘| gravel, fine to coarse, subangular to subrounded.
. 7 £
L A =
: 74 BH F 690 | ©
— Zj o °s o°4 Fine to coarse GRAVEL with some sand; grey. Saturated,
B ? o 0p 0 subangular to subrounded; sand, fine to coarse.
- F 7.50
- ? lgo'o(;' 0.0, s = °0 °4 Fine to medium GRAVEL with some sand; dark brown.
: % N=0 F 500 |2 9| Saturated, subangular to subrounded; sang, fine to
E | E \coarse. /]
o é B E as0 Fine to medium SAND, dark brown. Saturated.,
: Z 3 °, %4 Fine to medium GRAVEL with some sand; dark brown.
/ 0o d
E /L 0,00 L 890 |4 . al Saturated, subangular to subrounded; sand, fine to /_
= 0 0,0,1, 1 = — 4 \coarse.
B ‘:\1!)4 _— bo 5 \Wood fragment /1
- E o < o] Fine to coarse GRAVEL with some sand and minor silt;
5 f & E o rey. Saturated, subangular to subrounded; sand, fine to
o 7 o] grey
- b - 00 ° 06 coarse.
- i (17,16 E rs)
E d 20,22, 14 10.50 E °, %4
z ? [3- Py
- / 60255 - 00 006
: g ™| E oo
E % E 00 Doé
8 é A 1200 170 7
3 ‘3°-5’)' o8 - - End of Borehole at 12.00m, on 18/05/2018
E N=17 | Termination Reason:Target depth reached.
e Small Disturbed Sample y Water Level REMARKS
| Large Disturbed Sample Impression Packer Test LOGGED C.WILSON Coorindates and ground level based on hand held GPS,
f  SPT Liner Sample | standard Penetration Test DATE SO0SIZ04S likely accurate to +/- 5m.
|| Thin Wall Undisturbed Sample§  Permeability Test —— - | Static water levels: 1.45m bgl at casing depth of 9.00m;
B vt00 Undisturbed Sample i & Piezometer / Standpipe TP | cHECKED J. MUIRSON 32,@%313’ ;gg pm 1.50m bgl at casing depth of 7.00m;
p
PP Pocket Penetrometer Test Packer Test 00 I dded
E Piston Sample ' In-situ Vane Shear Test DATE 18/06/2018 5 sSrswalSradde

Saf . 4396 sed | 083 2%)

Aurecon NZ Ltd, 83 Cambridge Tefrace, Christchurch 8140, Tel: Fax:
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Summary:

A series of Multi-channel Analysis of Surface Waves (MASW) surveys were
undertaken at stages 19 to 24 of the Rosemerryn subdivision, Lincoln on May 24,
2018. The geophysical testing included five MASW lines, orientated South to
North across a series of farm paddocks. The profiles show a low velocity unit in
the top 5 m of the sections, with a marked increase to 250 m/s between 4 m and
6 m depth. Velocities increase with depth to over 500 m/s at around 15 m to 20 m
depth.

Methodology:

MASW is a geophysical technique that uses the dispersive nature of surface

waves to model shear-wave velocity versus depth.

A MASW survey is undertaken as a series of lines or points across the surface of
the site. The MASW lines in this survey were collected using a 24-channel towed
seismic array, with 4.5 Hz geophones. The geophone spacing was 1 m and the
source offset was 10 m. The active source was a 12 Ib sledgehammer impacting
an aluminium plate. Recording parameters for the MASW survey were set with a
0.125 ms sample interval, 1 s record length, 24 dB gains, and an electric trigger
system. Shot records were collected at 5 m spacing along the line where

possible.

The field records were processed using the Kansas Geological Survey software
package SurfSeis5 ©. The geometry was set according to the survey parameters
and the dispersion curves were generated and edited. The inversions were run

using a 10 layer variable depth model.

The velocity data was interpolated into 2D Vs profiles for the MASW lines. The
output shear-wave velocity data is included as a series of data files (CSV format),

supplementary to this report.

The midpoint of the MASW seismic array at each shot record was recorded with a
Trimble GeoXH GPS system. The GPS points were differentially corrected and

output using the New Zealand Geodetic Datum (NZGD) 2000, with Mt Pleasant
2|Page



2000 coordinates. The site did not have significant elevation changes, and the

profiles have not been corrected for topography.

Results:

Five MASW lines with a total length of 1125 meters were surveyed at the site
(Figure 1). The site had moderate levels of ambient noise due to traffic on nearby
roads. The MASW profiles did not show any major velocity inversions, with shear-
wave velocities gradually increasing from less than 100 m/s to over 500 m/s at
between 15 m and 20 m depth (Figures 2 to 4). The velocities in the upper 5 m
are low, which is consistent with previous MASW surveys conducted at the
subdivision. It is recommended that the MASW profiles be correlated with any

intrusive investigations to add geological context to the shear-wave velocities.
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Disclaimer:

This document has been provided by Southern Geophysical Ltd subject to the
following:

Non-invasive geophysical testing has limitations and is not a complete source of
testing. Often there is a need to couple non-invasive methods with invasive
testing methods, such as drilling, especially in cases where the non-invasive
testing indicates anomalies.

This document has been prepared for the particular purpose outlined in the
project proposal and no responsibility is accepted for the use of this document, in
whole or in part, in other contexts or for any other purpose. Southern Geophysical
Ltd did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site. Conditions may exist which were
undetectable given the limited nature of the enquiry Southern Geophysical Ltd
was retained to undertake with respect to the site. Variations in conditions often
occur between investigatory locations, and there may be special conditions
pertaining to the site which have not been revealed by the investigation and which
have not therefore been taken into account. Accordingly, additional studies and
actions may be required by the client.

We collected our data and based our report on information which was collected at
a specific point in time. The passage of time affects the information and
assessment provided by Southern Geophysical Ltd. It is understood that the
services provided allowed Southern Geophysical Ltd to form no more than an
opinion of the actual conditions of the site at the time the site was visited and
cannot be used to assess the effect of any subsequent changes for whatever
reason. Where data is supplied by the client or other sources, including where
previous site investigation data have been used, it has been assumed that the
information is correct. No responsibility is accepted by Southern Geophysical Ltd
for incomplete or inaccurate data supplied by others. This document is provided
for sole use by the client and is confidential to that client and its professional
advisers. No responsibility whatsoever for the contents of this document will be
accepted to any person other than the client. Any use which a third party makes
of this document, or any reliance on or decisions to be made based on it, is the
responsibility of such third parties. Southern Geophysical Ltd accepts no
responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this document.
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NORTHING (m)

794150+

381850 381950 382000

SCALE (m)

Figure 1: MASW Survey Locations

Rosemerryn Stages 19 to 24, Lincoln

382050 382100 382.1 50 382200 382250 382300
EASTING (m)

Coordinates Mt Pleasant 2000.

NOTES- Aerial photograph sourced from LINZ, Crown Copyright ©
MASW
Line labels show the chainage along the MASW Lines.

|
|

382350 382400 382450
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Aurecon offices are located in:
Angola, Australia. Botswana, China,
Ghana, Hong Kong. Indonesia, Kenya,
Lesotho. Mozambique.

Namibia. New Zealand. Nigeria,
Philippines. Qatar, Singapore, South Africa.
Swaziland. Tanzania, Thailand, Uganda,
United Arab Emirates. Vietnam, Zambia.




