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The Lakes Stage 2UV - Geotechnical Completion Report

1. INTRODUCTION AND SCOPE

This Geotechnical Completion Report (GCR) has been prepared by Coffey Services (NZ) Ltd (Coffey)
for The Lakes (2012) Limited following completion of earthworks for Stages 2U and 2V (collectively
known as 2UV) of the Lakes Subdivision and in general accordance with the conditions of Council
resource consent number RC25104.

This GCR contains the results of site investigations together with as-built plans derived from Harrison
Grierson Consultants Ltd (HGCL) topographical data. It describes bulk earthworks completed during
two main phases of work from 2007-2008 and 2015-2017.

The extent of earthworks observed by Coffey is shown on the appended plans (Figures 1 to 5,
Appendix A). A Statement of Professional Opinion (Form G2) and Summary of Technical Data (Form
G3) for the works described herein are also appended.

2. DESCRIPTION OF SUBDIVISION

Stages 2U and 2V of The Lakes subdivision (collectively known as Stages 2UV) are located between
Takitimu Drive (State Highway SH26) and the Kopurererua Stream in Tauriko, Tauranga. Stage 2U is
located at the northern end of the site and to the north of Kennedy Road. Stage 2V extends to the
south of the Kennedy Road/Takitimu Drive intersection.

The site location and original ground contours are shown on Figure 1 in Appendix A. Before work
began the site consisted of farmland and included a steep sided hill that sloped from the southern part
of the property. This hillside grading out onto a lower-lying terrace at approximately RL 12m (Moturiki
Datum, 1953). The terrace extended northwards through the central and eastern parts of the site and
was elevated some 3 to 4 metres above the low-lying floodplain of the Kopurererua Stream to the
west.

The original topography was modified by earthworks in 2007-2008 which included excavation of the

lower level of the main terrace within Stage 2V and the placement of engineered fill in the vicinity of

Kennedy Road. Fill was also placed to the north of Kennedy Road to form a new level terrace within
Stage 2U. Although records from this period are incomplete, settlement monitoring data indicate that
the fill within Stage 2U was placed in stages between 2008 and June 2012. It is understood that the

majority of the fill material came from excavations and the removal of pre-load embankments for the
Takitimu Road project.

In 2012 ownership of the Lakes subdivision passed from Grasshopper Farms Ltd to The Lakes (2012)
Ltd who have since undertaken additional earthworks on site. These works included the construction
and surcharging of a new road embankment leading from the Kennedy Road extension to Stage 2V,
the lowering (excavation) of earlier filling within Stage 2U and the placement of structural and non-
structural filling along the western margin of the Stage 2V lot area.

A minor amount of structural fill was also placed at the south-eastern corner of Stage 2V where the
development abuts Takitumu Drive. This filling is supported by a specifically designed retaining wall.
An approximately 2.5m high earth-fill debris bund was also constructed at the foot of the steep slope
at the southern end of Stage 2V

Civil infrastructure for these stages of the subdivision was installed in 2016 and 2017.
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3. RELATED REPORTS

The following documents were prepared prior to or during the design and development of Stages 2U
and 2V:

1. ‘Pyes Pa West Urbanisation Development, Tauranga — Geotechnical Assessment Report’,
report prepared by S&L Consultants Ltd (Ref: 16944, dated October 2003);

2. ‘Geotechnical Investigation Report on Proposed High Density Residential Development
Grasshopper Farms Area N, Tauriko, Tauranga’, report prepared by Coffey (Ref: 13447,
dated 4 July 2007);

3. ‘Geotechnical Investigation Report on Proposed Residential Development Kennedy Road
Extension, Grasshopper Farms, Tauranga’, report prepared by Coffey (Ref:
GEOTTAUC13717, dated 14 February 2008);

4. ‘Geotechnical Investigation Report for Proposed Subdivision at Kennedy Road, Pyes Pa,
Tauranga’, report prepared by Coffey (Ref: GENZTAUC13086AL, dated 20 December 2013);

5. ‘Summary of Prevailing Ground Conditions and Geotechnical Design for Proposed
Accessway Embankment at Stage 2UV The Lakes, Pyes Pa’, report prepared by Coffey (Ref:
GENZTAUC13086AL, dated 31 October 2014);

6. ‘Geotechnical Investigation and Plan Review Report - The Lakes Subdivision - Stage 2UV’,
report prepared by Coffey (Ref: GENZTAUC13086AL-AC, dated 24 July 2015);

7. The Lakes Stage 2U — Additional Geotechnical Assessment’, report prepared by Coffey (Ref:
GENZTAUC13086AR-AB, dated 20 August 2015);

8. ‘The Lakes Stage 2UV — Retaining Wall Design & Noise Wall Foundations’, report prepared
by Coffey (Ref: GENZTAUC13086AR-AC, dated 23 December 2015).

3.1. Report Summary

The original geotechnical assessment for the Lakes subdivision was completed by S&L Consultants
Ltd and contained an overview of geotechnical conditions for the entire Lakes project. The report
concluded that the site was generally adequate for subdivision and residential development, subject
to appropriate design and construction.

That report provided broad recommendations relating to general earthworks requirements and earthfill
procedures over the low-lying Kopurererua Valley floor throughout the project site but did not go into
specific detail for the current study area due to the scale of the previous studies.

Subsequent geotechnical investigation reports by Coffey summarised additional investigations that
were completed to specifically assess the Stage 2UV area. These investigations generally confirmed
the S&L conclusion that the site was adequate for subdivision. The Coffey reports also highlighted the
potential for significant load-induced settlements below any filling on the Kopurererua Stream
floodplain and seismic liquefaction below parts of Stage 2U. The subdivision scheme plan was
therefore revised to place all the proposed residential lots on the terrace and better ground to the east
of the site. The flood plain on the site’s western boundary was developed as a reserve area.

4. INVESTIGATIONS COMPLETED

The geotechnical investigations on the site have been conducted three main stages during 2003,
2007-2008 and 2014-2015. The investigations completed are summarised below. Logs of each
investigation are included in Appendix C.

2003

Coffey Services (NZ) Ltd
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e Machine Boreholes MB25 to MB27 drilled by S&L Ltd in April 2003 to up to 12m depth.
2007-2008

e CPT-01to CPT-14 completed on 31 May 2007 on the southern hill and low-lying flood plain to
depths of up to 20 metres.

e Machine auger borehole MH2 drilled in June 2007 over the elevated hill topography within the
southern part of the site to 20m depth.

e Trial pits TP1 to TP11 excavated in June 2007 across the main terrace and flood plain areas
to depths of up to 6 metres.

e Logging of exposed excavation faces within and surrounding the general development area
(FLO1 & FLO2).

e CPT-01to CPT-13 completed on 7 December 2007 and located at the northern end of the
site in the vicinity of the Kennedy Road extension.

e Trial pits TP1 to TP6 excavated at the northern end of the site in February 2008.

2014-2015

e TP18to TP29 excavated in May 2014 and located on the main terrace and at the foot of the
escarpment to the low flood plain.

e Machine boreholes MH28 - MH30 drilled on the flood plain in July 2014.

e CPT-15 and CPT-16 located at the south-eastern corner of the site adjacent to Takitimu Drive
in June 2015.

e Borehole MH31 also located adjacent to Takitimu Drive in June 2015.
e Hand augers HAO1 to HAO3 drilled on the steep southern slope in July 2015.
e CPT-17 to CPT-20 located within Stage 2U in August 2015.

e Hand augers HA04 to HAO8 drilled near the retaining wall alignments in November 2015.

On completion of the bulk earthworks in 2016 and 2017, Coffey drilled a total of 50 hand-auger
boreholes to target depths of 2m to 2.5m to confirm finished subgrade conditions within the site. The
location of each borehole is shown on Figure 5. Logs of these boreholes are included in Appendix D.
Although labels are not shown on the plan, the boreholes are numbered according to the relevant lot
number. For example, the hand auger borehole on Lot 100 is referred to as HAL100.

5. OVERVIEW OF GEOLOGICAL CONDITIONS

The elevated topography across the Tauriko region is reported to be underlain by Pleistocene-age Te
Ranga Ignimbrite comprising light grey, non-welded, silty sands. However, boreholes located on the
southern hill encountered ancient alluvial deposits more consistent with the Matua Subgroup. These
variable soils were also encountered in investigations on the main terrace.

The Matua Subgroup deposits on the southern hill and terrace are mantled by a sequence of volcanic
ashes including the Hamilton Ash (very stiff clayey silt), Rotoehu Ash (silty sand to sandy silt) and
post-Rotoehu Ashes (stiff to very stiff silts). This layer of ashes is approximately 4m thick but has
been reduced across most of the site by excavation.

Investigations on the low-lying parts of the site encountered variable alluvial soils including clays, silts,
sands and organic or peat horizons. These soils are present below the flood plain in the west of Stage
2V and much of 2U. Alluvial soils were also encountered in borehole MH31 (Lot 39), below
approximately 3m to 4m of fill placed during construction of Takitimu Drive.

Coffey Services (NZ) Ltd
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5.1. Groundwater

Groundwater is observed at shallow depth on the low-lying flood plain and is encountered at
approximately RL7m in investigations in this area. Below the main terrace, groundwater was
measured in MB27 at 11.5m depth or approximately RL 8m. These groundwater levels appear to be
relatively consistent across the site.

6. EARTHWORKS OPERATIONS
6.1. Plant

Earthworks during the 2007-2008 season were completed by Bob Hicks Earthmovers Ltd and A&R
Ltd Earthmoving Contractors. The earthworks contractor for the 2014-2017 period was JMC Civil
Construction Ltd (JMC) and civil infrastructure was installed by Higgins Group Holdings Ltd (Higgins).

The main items of plant used during each of the bulk earthworks phase comprised Terex motor-
scrapers and bulldozer or tractor towed 'scoops’, hydraulic excavators, bulldozers, articulated all-
terrain dump trucks (ADT’s) and sheep’s-foot rollers.

6.2. Construction Programme

As mentioned in Section 2 above, earthworks on this site have been carried out in two main phases in
2007-2013 and 2014-2017. Cut and fill contour plans of these stages of work are shown on Figures 2
and 3 in Appendix A. A more detailed description of the main works carried out in each earthworks
season is provided below.

In 2010, work on the Lakes subdivision site ceased under the original developer, Grasshopper Farms
Ltd, when that company went into receivership. Records from this time are incomplete until work
started again on site under The Lakes (2012) Ltd in 2013.

6.2.1. 2007 -2012

From photographs and settlement monitoring data provided to Coffey it is understood that work began
on the site during the 2007-2008 earthworks season. Excavations were carried out at this time at the
southern end of Stage 2V and a fill embankment was constructed along the Kennedy Road extension
that passes through the site. From December 2008, filling was also placed within the Stage 2U area.
This fill was placed in stages from 2008 to 2012 and it is understood that much of the material came
from excavations and the removal of pre-load embankments along Takitimu Drive.

6.2.2. 2014 - 2015 Earthworks Season

During 2014-2015, spoil from excavation on other stages of The Lakes subdivision was temporarily
stockpiled within Stage 2U. Structural filling was also placed to construct a new road embankment to
provide access to Stage 2V from Kennedy Road. This filling included approximately 2m of surcharge
fill to accelerate the settlement of the embankment. The approximate extent of the surcharged area is
shown on Figures 2 and 3 in Appendix A.

Work in 2015 also included cleaning out and patrtial filling of a gully to the south of the access road
embankment (in the vicinity of SM20 shown on Figure 4).

6.2.3. 2015 - 2016 Earthworks Season

Works during this period included further excavations and the construction of the earth-fill debris bund
at the southern end of Stage 2V as well as additional structural filling on the western and south-
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eastern parts of this stage. A significant volume of non-structural filling was placed over the low-lying
floodplain to the west of the 2V area. This material largely comprised excess fill and unsuitable soils
sourced from earthworks on other stages of the Lakes subdivision.

The ground surface within Stage 2U was lowered at this time with the removal of approximately 1.5m
to 2m of the previous filling within the development area.

6.2.4. 2016 — 2017 Earthworks Season

The remaining earthworks were completed to form the current ground surface during the 2016-2017
earthworks season. These included the placement of additional non-structural filling over the
floodplain area by JMC and minor amounts of structural filling by Higgins to adjust subgrade levels
within specific lots in Stage 2U and at the northern end of 2V. Non-structural filling was also placed by
Higgins around the northern and western boundaries of Stage 2U to form a more uniform batter in
these areas.

The civil infrastructure was installed by Higgins and their sub-contractors during this time and was
supervised by Harrison Grierson Consultants Ltd.

7. QUALITY CONTROL

7.1. Site Preparation Observations

The majority of earthworks on the site between 2008 and 2013 were undertaken during the
construction of Takitimu Road. Much of this work was overseen by Coffey and other geotechnical
engineers as part of the larger project. However, records and test results from this period are limited
within the Lakes site.

From 2013 Coffey undertook regular observations to ensure topsoil, vegetation or unsuitable
materials had been removed before filling.

7.2. Fill Control

It is understood the filling undertaken in 2007-2012 was placed to an engineered fill standard.
However, Coffey has not been able to locate test records from this period to confirm fill compaction.

The filling placed between 2014 and 2017 was tested using a Nuclear Density Meter (MDM) and
undrained shear strength measurements. The tests were carried out by Fulton Hogan Ltd on behalf of
JMC. The test locations are shown on Figures 2 and 4. In addition to these laboratory tests, Coffey
undertook our own observations using field shear vane measurements at random locations within the
filling.

7.3. Compaction Control Criteria

The compaction control criteria for this project were specified using the minimum allowable shear
strength and maximum allowable air voids method as defined below:

e Air voids percentage (defined in NZS 4402:1986 and as measured by NDM) targeting an
average value less than 10% over any 10 consecutive tests and maximum single value no
greater than 12%.

e Undrained shear strength measured by hand held shear vane calibrated using the NZGS
2001 method. A single undrained shear strength ‘test’ was defined as the average of four
individual shear vane readings at each NDM location. The target test values were an average
value greater than 150kPa and minimum single value no less than 140kPa.

Coffey Services (NZ) Ltd
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7.4. Test Results

Nuclear Density Reports showing the results of the laboratory fill tests are included in Appendix E and
the locations of the tests are shown on Figures 2 and 4. Al-tTests met or exceeded the compaction
control criteria given above. Al-NDM test results are IANZ (International Accreditation New Zealand)
endorsed and further details are appended. The independent tests by Coffey also indicated the filling
observed met or exceeded the required specification.

AllrResults above refer to tests taken within structural filling. No tests were conducted in the non-
structural filling placed over the low-lying flood plain, as this area has been designated as a
recreational and greenbelt reserve. The area of non-structural filling can be seen in Figures 2 and 4.

8. ENGINEERING EVALUATION AND
RECOMMENDATIONS

8.1. Fill Quality

Although test results for the filling within Stage 2U in 2007 to 2013 could not be located for this report,
subsequent observations and investigations by Coffey indicate that this fill would meet the
requirements of engineered fill as set out in the Tauranga City Council Infrastructure Development
Code (TCC IDC) and relevant New Zealand standards. That is, the observed filling is ‘clean’ (free of
organic soils or other unsuitable materials) and has an average undrained shear strength in excess of
150kPa.

Based on the appended earth fill quality control test data and reliance on the diligence of the bulk
earthworks contractor at times when engineering staff were not present on site, the NDM results
indicate that the structural fills placed by JMC and Higgins between 2014 and 2017 also meet or
exceed the required standards. This is supported by the hand-auger boreholes drilled by Coffey within
the filling.

Coffey observed the placement of the non-structural filling on the floodplain to the west of Stage 2V in
2014 to 2016 and around the western and northern boundaries of Stage 2U in 2017. While these
areas did not require the same level of compaction or testing as the structural filling, it is considered
that the non-structural earthworks were also carried out to an acceptable standard and in accordance
with our recommendations.

8.2. Static Settlement
8.2.1. Stage 2U

The new residential lots within Stage 2U are located on filling that was placed from 2007 to 2012 over
variable alluvial soils and a ridge of in-situ volcanic ash deposits. Settlements below this area were
monitored as part of the Takitimu Drive construction works and data provided to Coffey indicates that
the filling experienced significant total and differential settlements of between 0.04m and 1.6m. The
data show that consolidation settlements below the fill were effectively complete by 2009 to 2013,
depending on when the last stage of filling occurred at each location.

From 2012 to 2015, the only works within Stage 2U comprised the temporary stockpiling of spoils
from other stages of the Lakes and the placement and removal of the surcharge over Kennedy Road
(see Figures 2 & 3). In 2015 the entire Stage 2U development area was lowered by 1.5m to 2m to
form the current ground surface. The works in 2015 mean that the building areas within Stage 2U
were effectively surcharged by between 10kPa and 30kPa for a period of at least two years.

Based on the above, we consider that future development in the 2U area is unlikely to be affected by
significant or excessive residual settlements. We note that we are also recommending that buildings
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in this zone are supported on specifically designed ‘enhanced’ raft type foundations which will further
reduce the risk of adverse effects due to settlement.

8.2.2. Stage 2V

The large majority of filling within or adjacent to Stage 2V was non-structural and occurred outside the
lot area for this stage. Static settlements below the non-structural filling were monitored at four
locations shown as SM23 to 25 and SM28 on Figure 4. The monitoring pins consisted of steel rods
attached to plates installed at the base of the filling. Plots of the data for these points are provided in
Appendix F and show that the alluvial soils beneath this area have settled between 350mm and
900mm. The data indicate that this area may experience significant long-term creep settlements of up
to 100mm to 300mm over the next 50 years.

Static settlements have also been monitored at three locations within the Stage 2V lot areas. SM20 is
located in an infilled gully within Lot 66. SM26 and SM27 were installed in late 2016 to monitor
settlements within Lots 56 and 60 respectively. The data from these pins are presented graphically in
Appendix F and the settlement marker locations are shown on Figure 4. SM20 was seen to settle
approximately 320mm as a result of the filling placed in this area. SM26 and SM27 each settled
approximately 20mm to 40mm.

The settlement data for SM20, Sm26 and SM27 also show that consolidation settlements within the
finished lots is essentially complete at the time of writing. Long-term creep settlements below the lots
should be less than 25mm over the next 50 years.

Based on the above discussion, we consider that future ‘residual’ settlements below the lots within
both Stage 2U and 2V should be within the limits recommended by the New Zealand Building Code
(Clause B1 and B1/VM4).

8.3. Proximity to Gas Main

The non-structural filling that was placed over the low-lying flood plain is close to the gas main which
extends along the site’s western boundary. To reduce the risk of damaging this service it was initially
recommended that all earthworks be kept at least 30m from the pipe alignment. Monitoring points
(steel ‘warratahs’) were installed approximately 10m from the toe of the batter and 20m from the gas
pipe and regularly surveyed in three dimensions to measure any possible displacements due to the
filling. The monitoring data showed no discernible horizontal or vertical ground movement as a result
of the nearby filling.

Based on the above observation the non-structural filling was advanced to a line approximately 20m
from the gas main. Continued monitoring showed no significant ground deformations between the toe
of the fill embankment and gas pipe.

8.4. Liquefaction

Initial investigations on site identified possible areas of liquefaction prone soils, these being the
alluvial soils below the flood plain in the west of Stage 2V and much of 2U, and also below the
existing fill in proposed Lots 37 to 41. Calculations indicated these soils were likely to liquefy during a
ULS earthquake. There was a low risk of localised liquefaction during a smaller serviceability limit
state or SLS event.

The earthworks design on Lots 37 to 41 was revised following the assessment of possible liquefiable
soils at this location. The wall alignment was moved to the west and the wall height was reduced to
approximately 1.5m. It is considered that with these modifications the potential for excessive ground
movement below these lots as a result of liquefaction in minor.

A specific site investigation and analyses were carried out to assess liquefaction below lots in Stage
2U in 2015. The results of this assessment were presented in the 20 August 2015 Coffey report
(reference 7 in Section 3 above). The report concluded that liquefaction is unlikely to occur at this
location during a ‘Serviceability Limit State’ (SLS) event.

Coffey Services (NZ) Ltd
GENZTAUC13086AR-AD

16 June 2017



The Lakes Stage 2UV - Geotechnical Completion Report

The analyses did identify a high likelihood of liquefaction below Stage 2U in an “Ultimate Limit State’
(ULS) earthquake. The effects of this liquefaction would be reduced by the 3m to 4m thickness of
non-liquefiable filling which underlies the finished lots in this area. We estimate that the finished lots
may experience approximately 200mm of free field vertical settlement and up to 0.5m of lateral
ground displacement in a ULS event.

Due to the potential for ground movement as a result of liquefaction below Stage 2U, we recommend
that the future buildings in this area consist of ‘enhanced’ waffle-slab foundations such as those
designed for the ‘TC2’ zones of the Christchurch rebuild. Specific foundation design
recommendations are given in Section 8.9 below.

Design Earthquakes

A SLS earthquake as defined by New Zealand Standard NZS 1170 for this development would have a
return period of 1 in 25 years. A typical dwelling designed to NZ standards may suffer minor damage
in such an event but must remain ‘serviceable’ or habitable until it can be repaired. A ULS earthquake
for this development would have a return period of 1 in 500 years. An appropriately designed dwelling
may be extensively damaged or written off by such an earthquake but must remain safe for its
occupants until they can be evacuated.

8.4.1. Reserve Area

We note that the reserve area formed on the non-structural filling to the west of the site would also be
expected to be affected by significant vertical and horizontal ground movement as a result of
earthquake induced liquefaction. This area is considered adequate for non-essential infrastructure
and playgrounds, etc. However, if more significant structures are to be located in this zone it is
recommended that a specific liquefaction risk assessment is carried out.

8.5. Slope Stability

The large majority of the new lots are located on flat or gently sloping ground with a low risk of
instability. The exceptions to this are Lot 55 which includes the steep slope at the southern end of
Stage 2V and Lots 1 to 9 which are located next to a 1V:3H batter that has been partially formed from
non-engineered filling.

Development on Lots 1 to 9 is subject to a Building Restriction Line (BRL) discussed further in Section
8.6. Provided the development on these lots is carried out in accordance with the technical
requirements of this line, we consider there is a low risk of instability on these sites.

8.5.1. Lot55

While there was no obvious evidence of large-scale instability within Lot 55, the existing slope
gradient of approximately 28° is likely to be close to the maximum stable gradient of the underlying
soils. There was also visible evidence of shallow soil creep on this slope and the topography suggests
the presence of colluvial soils at the slope toe. Analyses by Coffey and presented in our July 2015
Geotechnical Investigation and Review Report (reference 6 in Section 3 above) concluded the factors
of safety for this slope were less than the minimum values required for residential development by the
Tauranga City Council Infrastructure Development Code (TCC IDC) and New Zealand building code.

We therefore consider that the sloping portion of Lot 55 would not be adequately stable for residential
development without specific input from a TCC Category 1 Geo-Professional. There is however
adequate flat land for residential development at the northern end of the lot.

To protect the other lots at the south of Stage 2V from possible instability an approximately 2.5m high
debris bund has been constructed between the slope and the adjacent lots as shown on Figure 5. We
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consider this bund has been completed in accordance with our recommendations and design and that
the lots below are adequately protected from possible slope debris.

The bund must be maintained at its current height and capacity. In the event of a landslide or
significant accumulation of debris behind the bund, the bund will need to be cleared to maintain its
current height and capacity. Responsibility for this work will fall on the owner of Lot 55 in which the
bund is located. The owner of Lot 55 will also be responsible for maintaining the landscape planting
which has been carried out on the bund.

We understand that the slope and hillside within Lot 55 may be incorporated into a future
development. In the event that the slope height or gradient is reduced significantly the debris bund
may become redundant and may be removed. This should be confirmed by a Tauranga City Council
Category 1 Geo-Professional before work proceeds.

8.6. Building Restriction Lines

Five Building Restriction Lines (BRL’s) have been placed on lots within Stage 2UV. The BRL'’s are
shown on Figure 5 in Appendix A and affect the following lots:

e Lots1to 9 — These lots are located above an up to 1V:3H batter which has been formed
around the western and northern boundaries of Stage 2U. This batter partly consists of
previous engineered filling and partly of non-engineered landscape fill. The BRL on these lots
is located along the crest of the batter and is intended to restrict development on the slope
due to the potential for shallow slope movement and/or variable subgrade materials within the
batter itself.

e Lot 9 - In addition to the BRL along the slope crest mentioned above, an up to 0.7m high
retaining wall has been constructed inside the property’s boundary with Takitimu Drive. As
this wall was not engineered designed, a BRL has been placed on this lot extending 2.0m
inside the property boundary adjacent to the wall.

e lots12, 13, 15 & 18 — The boundaries of these lots with Takitimu Drive and Kennedy Road
are supported by an up to 1.3m high retaining wall. This wall was engineer designed but this
design did not allow for building loads. A BRL has therefore been located 1.5m inside the
property boundary on the affected lots. On lot 18 the setback distance tapers off to Om where
the retaining wall ends.

e Lots 20 to 42 — The boundaries of these lots with Takitimu Drive and Kennedy Road are also
supported by an engineer designed retaining wall up to 1.5m high which was not designed to
building loads. The BRL on lots 20 to 22 and 24 to35 is located 2.5m inside the property
boundary. Lots 21 and 22 also include tapering BRL setbacks along two short sections of wall
on either side of a nearby Council walkway. The BRL on lots 23 and 36 to 42 is located 2.5m
inside the toe of the retaining wall where the wall extends inside the property boundary.

This retaining wall also extends a small distance along the boundary of Lot 19. However, the
length and height of the wall at this location is such that a BRL is not required on this lot.

e Lots 55 to 70 — these sites lie along the boundary between the structural and non-structural
filling and underlying alluvial soils on the western margin of Stage 2V. The BRL on these lots
has been positioned to set future development back from the zone of possible long-term
differential settlements along this boundary.

8.6.1. Development on Lots with a BRL
It should be understood that the existence of the BRL on a lot does not explicitly preclude

development in the restricted area. Any works within the BRL would however be subject to the
following requirements:
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e The foundations of any building, and or any proposed filling or retaining walls within the BRLs
along the crest of the batter on Lots 1 to 9 and on 55 to 70 would need to be assessed by a
Tauranga City Council Category 1 Geo-Professional.

e The foundations of any dwelling or any proposed filling within the BRLs along the retaining
walls on lots 9, 12, 13, 15, 18 and 20 to 42 must be assessed by a chartered engineer
(CPENg) with consideration given to the zone of influence of the adjacent retaining walls.

8.7. Erosion Protection

The batter to the west and north of Lots 1 to 5 in Stage 2U has been covered with a layer of
‘Grassroots’ (registered trademark) synthetic matting provided by Geofabrics Ltd to reduce the risk of
erosion or scour of this slope as a result of flooding along the Kopurererua Stream. The Grassroots
matting extends up to the 1 in 100 year flood level as shown on Figure 5.

The Grassroots matting extends approximately 3m to 8m inside the boundaries of Lots 1 to 5. The
owners of these lots will need to ensure that continuous grass cover is maintained within this area and
that the integrity of the erosion matting is not compromised by future development or landscaping in
this area.

8.8. Minimum Floor Levels

Also due to the potential for flooding along the Kopurererua Stream, the lots within Stage 2UV are
subject to minimum floor levels defined by the Tauranga City Council. The minimum levels are
summarised on Table 1 below. Levels are given in terms of RL (reduced level) to the Moturiki Datum,
1953 and are to be measured to the underside of the floor slab or floor joists per section DS-5.4.5 of
the TCC IDC.

Table 1: Stage 2U Minimum Floor Levels

Lot # Minimu(n:nlgtl)_c))r Level Lot # Minimu(r:\nli:\l)ol_())r Level
1 11.0m 10 10.75m
2 10.75m 11 10.75m
3 10.75m 12 11.0m
4 10.5m 13 11.0m
5 10.25m 14 10.75m
6 10.25m 15 11.0m
7 10.5m 16 10.75m
8 10.5m 17 10.75m
9 10.75m 18 11.0m

All Lots within 2V (Lots 19 to 109) 11.25m

We note that the large majority of lots within Stage 2V are already well above the minimum level and
should therefore not be significantly affected.

8.9. Foundation Design & Bearing Capacity

As discussed in Section 8.4, soils below the lots within Stage 2U (i.e. Lots 1 to 18) may at least
partially liquefy during a strong earthquake leading to possible vertical and horizontal ground
movement. The dwellings within Stage 2U should therefore be supported by specifically designed
‘enhanced’ waffle slab type foundations such as those developed for the ‘TC2’ zone of the
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Christchurch rebuild. A geotechnical ultimate bearing capacity of 300kPa may be assumed for these
lots as they are entirely underlain by engineered filling.

While some lots within Stage 2V (Lots 19 to 109) are also underlain by engineered fill and the
potential for liquefaction is lower in this area, most lots are at least partially located over Matua
Subgroup materials which may contain relatively weak soils (i.e. peak undrained shear strength
measurements as low as 50kPa). We therefore recommend that all dwellings on these lots be
supported by specifically designed waffle slab foundations. A geotechnical ultimate bearing capacity
of 200kPa should be assumed for this design.

We note that on many lots within Stage 2V the ground conditions may be better than assumed above.
It should also therefore be possible to design the future building foundations on these lots using NZS
3604. However, this would require a site specific investigation and assessment by a chartered
engineer (CPENQ) prior to building consent to confirm ground conditions and bearing capacity.

8.10. Variable Ground Conditions

It should be understood that due to the volcanic nature of the natural soils on the elevated terraces, it
is possible that local soil conditions may vary from those discussed above. It is therefore important
that any potentially soft or unsuitable soils encountered in the foundation excavations are brought to
the attention of a geotechnical professional.

9. CONCLUSION

Based on the observations and investigations presented in this report and with some reliance on the
diligence of the earthworks contractors, it is concluded that the earthworks and subdivision of Stages
2U and 2V have been completed in general accordance with our previous recommendations, NZS
4431 and the Tauranga City Council Infrastructure Development Code.

This report presents site-specific recommendations including Building Restriction Lines (BRLS),
specifically designed foundations, minimum floor levels and on-going maintenance requirements on
some lots. A lot-by-lot summary of the recommendations and development requirements is given in
Appendix B.

Provided the recommendations are followed and prudent development practices are adopted, it is
considered that the finished lots are at low risk of erosion, falling debris, subsidence, inundation or
liquefaction and these sites should therefore be adequate for residential development without the
need for Section 72 restrictions under the New Zealand Building Act.
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