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1 Introduction

Tonkin & Taylor Ltd (T&T) were engaged by Watercare Services Ltd (Watercare) to carry out a
geotechnical investigation to support the proposed rebuild of the Huia Water Treatment Plant in
Waima, West Auckland.

We understand that Watercare are planning a significant upgrade of the Huia Water Treatment
Plant, with the majority of the infrastructure replacement to take place over the next five years
(upgrade options presented in Appendix A). Given that this plant provides a significant
percentage of the Auckland Regions water supply, the risk of ground deformation due to
settlement or slope instability needs to be assessed.

T&T have previously presented a preliminary assessment of the expected ground conditions and
geotechnical design considerations in a previous report titled Huia Water Treatment Plant Rebuild
- Preliminary Geotechnical Assessment [Ref 2]. This assessment was based on an archive search by
Tower Foundations Ltd [Ref 1], which collects all the pre-existing geotechnical investigation data
since it’s the sites construction beginning in the 1920’s. Our preliminary assessment highlighted
the need for further investigation to better understand potential for ground movements and to
detail the groundwater model. '

Our present scope of work, as outlined in our proposal dated 26 March 2010, addresses these
needs and includes:
o Ground investigation comprising

- Engineering geological mapping focussing on geomorphic evidence of slope
instability of the site and near surrounds.

— 4 machine drilled boreholes to a maximum depth of 25 m positioned within the
perimeter of the existing plant.

- 3-4 machine drilled boreholes to a maximum depth of 25 m located in the bushland
north of Woodlands Park Road.

- One day of CPT probing with pore pressure dissipation testing.
— Standpipe piezometer installation in each borehole.

— Installation of 3-4 groundwater pressure transducers (divers) to automate daily
ground water monitoring.

- Sampling for laboratory testing.
L Laboratory testing comprising

- 6 soil triaxial tests for strength data on colluvium and weathered Cornwallis
Formation

- 6 consolidation tests to assess settlement parameters for design

. Update the existing geological model

o Assess the geotechnical material strengths and parameters for design

] Re-assess slope stability utilising update models and design parameters

] Provide options for suitable foundations systems and foundation design parameters
. Provide a geotechnical report addressing all of the above
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2 T&T April - May 2010 Site Investigation
2.1 General

The Huia Water Treatment Plant has been subject to a range of different sub-surface site
investigation with the oldest available data stretching back to the mid 1980'’s.

Tower Foundations Ltd collected all available site investigation historical data and presented them
in their report titled Huia Water Treatment Plant — Review of Historical Geotechnical Information
[Ref 1].

T&T reviewed this information in our previous preliminary report [Ref 2] and highlighted the need
for further site investigation in order to address uncertainties regarding the local groundwater
regime, potential for the presence of a continuous low angle shear surface and consolidation
settlements.

2.2 Site Investigation Details

On 14 April 2010 T&T began the site investigation works at the Huia Water Treatment Plant and
completed it on 7 May 2010.

The site investigation consisted of

° 8 machine drilled boreholes with core sampling and push tubes for laboratory testing

° Installation of standpipe piezometers and borehole groundwater pressure transducers
(Divers) which automate recording of groundwater pressures

° Laboratory testing (completed on 31 May 2010)

° 4 hand augured boreholes with hand Shear Vane testing along the south-western bank of
the lagoons. The Client requested these boreholes outside the scope of the this report

L Walk over survey to map exposed geology

o Aerial photo interpretation of historical aerial photos

CPT testing was not carried out because we perceived that the risk of damaging underground
services was too high and access was limited.

2.2.1 Machine Drilled Boreholes

Five boreholes were drilled within the treatment plant and three in the bush area north of
Woodlands Park Road. The following Table 1 provides details of the boreholes and their locations
are shown in Drawing 27064.001-01. Borehole logs and core photos are attached in Appendix B.
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Table 1 - Summary of machine drilled boreholes

Borehole | Location Final Installation Sampling
Depth
BH1 Garden shed 2475 m Nested piezometers 2 push tubes
BH 2 Sludge thickener tank 21.00 m Nested piezometers 1 push tube
BH3 Washwater thickener 24.85m Nested piezometers No sampling1
BH 4 Lagoon 24.00 m Single piezometer 3 push tubes
1 core sample
BH 4A In front of BH 4 opposite service 09m Hole abandoned because underground
road services were encountered
BHS5 Water tank - 18.85m | Nested piezometers 1 push tube
BH6 Spillway 22.50 m | Nested piezometers | 4 push tubes
1 push tube for fill

2 core samples for fill
3 core samples

BH 7 Bush —side of creek 15.00 m Nested piezometers No sampling2

BHS8 North of raw water aqueduct 22.50 m Nested piezometers 1 push tube

L Frequent and sharp variation in ground strength prevented obtaining suitable samples

2 Unexpected limited thickness of Colluvium and absence of CW-HW Cornwallis Formation prevented obtaining
suitable samples

Fill was found in the southern area of the site, overlying Colluvium deposits. The Cornwallis
Formation is present underneath the Colluvium or at surface towards the east, ranging from
completely weathered to moderately/slightly weathered at depth. Coarse sandstone interbedded
with conglomerate layers was found across the whole site. Table 2 below summarises the
geological units encountered during drilling and these are described further in Section 3.

Table 2 - Summary of geological units encountered during 2010 T&T drilling campaign

Unit Depth of top-bottom of Geological Units {m b.g.l.)
BH1 BH 2 BH3 BH 4-4A BHS BH 6 BH7 BH 8

Fill 0.0-4.5 7//////%7////////% 0.0-1.0 0.0-1.5 0.0-2.0 WW

Colluvium | 4.5-8.0 0.0-3.8 W 1.0-5.0 1.5-4.5 2.0-3.8 0.0-3.0 0.0-6.6

g\c/)\::-\:vva\‘lms 8.0-14.3 | 3.8-18.0 | 0.0-1.0 5.0-16.0 %////% 3.8-12.0 7///////% 6.6-18.5

MW 14.3-20.5 | 18.0-EoB | 1.0-19.0 16.0-18.0 | 4.5-15.8 12.0-EoB | 3.0-10.0 18.5-20.5
(softened)
Cornwallis

Ello\ll'\:]-vsv\g\:us 20.5-EoB %/////ﬂ 19.0-EoB | 18.0-EoB | 15.8-EoB %////% 10.0-EoB | 20.5-EoB
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We note that apparent asbestos containing material was identified in the fill in BH 4A. The
presence of this hazardous substance should be taken into account when planning and
undertaking earthworks in that area and the extent of this material may need to be confirmed by
a geo-environmental investigation if this area is to be disturbed during the re-build.

2.2.2 Groundwater Monitoring

Standpipe piezometers were installed in each machine drilled borehole. Three divers were also
installed for continuous hourly recording of groundwater levels and these are scheduled to
remain in place for 12 Months to give an indication of the seasonal variation in groundwater
levels. Summary of piezometers installations are presented in Appendix C.

Groundwater levels were measured during drilling and are reported in the borehole logs. Table 4
below summarises the groundwater levels measured with a dipmeter on 02 June 2010. On the
same day data from 3 divers were downloaded and the data are presented in Appendix C.

It should be noted that during drilling a thick (1.5m-2m) bed of jointed conglomerate was
encountered in boreholes BH5, BH7 and BH8. When encountered at depth (typically below 11m)
the drillers immediately reported 100% loss of their drilling fluid, which, when the drilling rig was
idling, could be observed rapidly dropping down the borehole.

Table 3 - Summary of groundwater readings

Borehole | Piezometer Material Groundwater Approx Pressure
depth from Groundwater head (m
ground level Elevation (m above
RL) piezo tip)
BH1 Piezometer 1 | CW-HW Cornwallis 7.56m 101.64 m 3.44m
Piezometer 2 | MW-SW Cornwallis 8.64 m 100.56 m 16.36m
BH 2 Piezometer 1 | CW-HW Cornwallis 585 m 109.15m 3.65m
Piezometer 2 | MW-SW Cornwallis 11.10 m 103.90 m 9.9m
BH3 Piezometer 1 Softened Cornwallis 437 m 10491 m 3.63m
Piezometer 2 MW-SW Cornwallis 512 m 104.16 m 19.73m
BH 4 Piezometer 1 | CW-HW Cornwallis 430 m 104.04 m 6.7m
BHS Piezometer 1 | CW-HW Cornwallis 6.60 m 114.40 m 1.4m
Piezometer 2 | MW-SW Cornwallis 11.10 m 109.90 m 7.75m
BH6 Piezometer 1 | CW-HW Cornwallis 8.28 m 98.47 m 4.72m
Piezometer 2 | Softened Cornwallis 9.12 m 97.63m 13.32m
BH7 Piezometer 1 | Softened Cornwallis 9.55 m 110.95m 0.95m
Piezometer 2 | MW-SW Cornwallis 9.55 m 110.95m 5.45m
BH 8 Piezometer 1 | Colluvium Dry Dry 0.0m
Piezometer 2 | Softened Cornwallis 15.10 m 108.90 m 5.4m
2.2.3 Sampling and Laboratory Testing

Undisturbed push tube samples and partly undisturbed core samples from triple tube barrel were
collected during drilling. A total of 19 samples (13 push tubes and 6 core samples) were collected.
The following Table 4 summarised the sample campaign and laboratory testing scheduling.

T&T Ref. 27064.001/Final
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Table 4 - Summary of sampling and laboratory testing

Borehole | Sample Depth Type Material Test scheduled
BH1 PT1 6.0-6.5m Push tube CW-HW Cornwallis Frm Triaxial CUP

BH 1 PT2 9.0-9.5m Push tube CW-HW Cornwallis Frm Triaxial CUP

BH 2 PT1 3.035m Push tube Colluvium Consolidation
BH4 PT1 2.0-3.0m Push tube Colluvium Triaxial CUP

BH 4 PT2 45-50m Push tube Colluvium Consolidation
BH4 DS 1 6.85-7.10 m | Core sample CW-HW Cornwallis Frm Not scheduled
BH 4 PT3 7.5-80m Push tube CW-HW Cornwallis Frm Consolidation
BHS PT1 25-3.0m Push tube Colluvium Consolidation
BH6 S1 0.75-0.85 m | Core sample Fill Not scheduled®
BH 6 PT1 0.85-1.35m | Push tube Fill Not scheduled”
BH 6 S2 1.60-1.70 m | Core sample Fill Not scheduled®
BH 6 PT2 2.25-2.75m | Push tube Colluvium Consolidation
BH6 PT3 3.0-3.5m Push tube Colluvium Triaxial CUP
BH6 PT4 45-50m Push tube CW-HW Cornwallis Frm Triaxial CUP
BH6 SS1 5.40-5.55m | Core sample Shear surface Not scheduted®
BH 6 PTS5 6.5-7.0 m Push tube CW-HW Cornwallis Frm Consolidation
BH 6 SS2 3.95-3.05m | Core sample Shear surface Triaxial CUP
BH6 SS3 8.40-8.55m | Core sample Shear surface Triaxial CUP

BH 8 PT1 20-23m Push tube Colluvium Triaxial CUP

1. Sample unsuitable for testing

2. Requested by Watercare Ltd. for possible future testing beyond the scope of this report

3. Sample damaged, unsuitable for testing

Multistage Consolidated Undrained Triaxial Compression Tests have been undertaken according
to BS1377:1990-Part 8. One-dimensional consolidation tests were carried out according to
NZS4402:1986. Laboratory test results are presented in Appendix D.

2.2.4

Walk Over Survey

On 6 May 2010 a T&T engineering geologist carried out a walk over survey at two locations in the
area surrounding the treatment plant

. Along the creek at Armstrong Gully where the Cornwallis Formation outcrops.

o Along Exhibition Drive (an unsealed Watercare access road) to the north of Woodlands Park

Road where the Nihotupu Formation outcrops.

The walk over survey focused on identifying and measuring the bedding and defects within the
rock mass and evidence of slope instability.

Hula Water Treatment Plant Rebuild Geotechnical Investigation and Assessment
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2.24.1 Rock Outcrop in Armstrong Gulley

Highly weathered Cornwallis Formation outcrops along the bed of creek. This comprises grey silty
fine grained SANDSTONE extremely weak, bedded, weathering to orange brown.

The bedding is variable from 182/280¢ (dip/dip direction) close to the road to 102/3002 towards
the waterfall. This unit appears to be locally thinly bedded, with layer thickness varying from 20-
50 mm to 300 mm.

Two sets of sub-vertical defects were identified dipping towards 2002 and 1202. These appear to
be stress relief defects and were observed to terminate on bedding partings.

2.24.2 Rock Outcrop on Exhibition Drive

Exposures of Nihotupu Formation are clearly visible along the up-slope cuttings. The Nihotupu
Formation consists of reddish to dark brown, medium grained, very weak, volcaniclastic
SANDSTONE.

The bedding appears to be relatively constant dipping at 102/0102, which accounts for the overall
performance of this material in the near vertical cut slopes on the North side of Exhibition Drive.
The thickness of the layers is variable from a few centimetres to more than 1 m.

Two main sets of defects are present dipping approximately 882/2002 and 702/270%, the former
being highly persistent and controlling the localised toppling instability observed in places along
the road cuttings.

2.2.5 Hand Augured Boreholes

In order to assess the shear strength of the fill at the south-western side of the lagoon, 4 hand-
augured boreholes with hand held Shear Vanes were undertaken on 5 May 2010. The hand
augured were push to either refusal or to a maximum depth of 2 m bgl, which is the typical
thickness of the fill identified in BH 6. Shear Vane testing was carried as the auger holes were
advanced at 0.5 m intervals.

The following Table 6 summarises the data of the hand augured boreholes and their location is
shown in Drawing 27064-001.01.

Table 5 - Summary of hand augured boreholes

Borehole Depth Hand Held Shear Vane Strength (kPa, peak/residual)

0.5 m bgl 1.0 m bgl 1.5 m bgl 2.0 m bgl
HA1 20m 108/46 77/18 65/28 83/55
HA 2 20m 123/31 77/28 62/31 83/62
HA 3* 10m uTp UTP
HA4 20m uTp 114/40 123/65 95/28

* Ended at 0.4 m bgl on gravel layer. Further attempts aborted on same gravel layer

2.2.6

Aerial Photo Interpretation

As part of our assessment of geotechnical slope stability of the site an aerial photo interpretation
was carried out on a pair of stereo photographs dated November 1961 at an average scale of

1:16,000.
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From the aerial photo interpretation it appears that the treatment plant is located in the northern
part of a wider depression defined by ridges and a large escarpment. Secondary ridges are
present within the depression with a sub-parallel trend, defining the catchment into four main
steeply incised gullies (one of these is Armstrong Gulley). These gullies are sub-parallel each other
and show sharp changes of direction which we consider is likely to be indicative of structural
control (faulting). The geomorphology of the area suggests that the depression is probably
tectonic generated.

The aerial photographic interpretation indicates no evidence of deep seated or shallow instability
in the area, beyond the escarpment that encompasses the entirety of the Waima catchment. This
is discussed further in Section 3.4 below.

Hula Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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3 Ground Conditions
3.1 Geotechnical Units

Our previous geological model [Ref 2] has been updated to include a zone of softened (or
moderately weathered) Cornwallis Formation sandstone as well as incorporating new strength
testing data and revised unit thicknesses. In summary the site is underlain by the following
geotechnical units.

3.11 Fill

Fill material was encountered in the south of the site (BH 1, BH 4, BH 5 and BH 6) and forms the
bank of the lagoon with a thickness of up to 4.5 m to the west of the site and 2.0 m at the lagoon.
It comprises reworked site-won materials, mainly yellow brown to grey brown clayey or sandy
silts with some coarse sand. The base of the unit becomes organic rich and fibrous indicating
stripping of the original ground surface prior to placement was of poor quality or not carried out
atall.

From historical data, the fill is firm to stiff in strength with SPT testing ranging between 0 to 10
blows/300 mm and undrained shear strengths ranging from 29/15 kPa to 130/41 kPa
(peak/residual) [Ref 1 & 2].

It is apparent from the testing data that some of the historical consolidated undrained triaxial
tests have been conducted in fill material, while in some cases it is not apparent whether the test
results are within fill or colluvial soils. For the purposes of the stability analyses that follow these
two units have been modelled as one.

3.1.2 Colluvium

Apart from BH 3, all boreholes encountered a layer of colluvial deposits of thickness varying from
2.0 m to 6.6 m, with the maximum thickness encountered to the north and west of the site.

The colluvium comprises sandy silts and sands (fine to coarse) reworked from the underlying
Cornwallis Formation to the south of Woodlands Park Road and possibly from the Nihotupu
Formation at the north of Woodlands Park Road. The colluvium is typically light grey brown
orange mottled with rare carbonaceous inclusions.

From historical data the SPT N values vary from 3 to 11 blows for 300 mm [Ref 1 & 2]. Analysis of
Triaxial test results from this study and from historical data (P-Q plot in Appendix D) indicates
Mohr-Coulomb parameters of ¢’ = 2 kPa and ¢’ = 30° for the colluvium material.

3.1.3 Completely/Highly Weathered Cornwallis Formation

This material is similar to the colluvium but with a more structured appearance with relict defects
and bedding planes visible. This unit consists of fine to coarse sand and silt with fine to medium
grained rounded gravel in discrete beds. Typically it is dark orange to brown. The thickness of this
unit is variable across the site.

From historical data the SPT N values vary from 15 to 30 blows for 300 mm but values above 50
were recorded [Ref 1 & 2]. Triaxial test results from this study and from historical data (P-Q plot in
Appendix D) indicate Mohr-Coulomb parameters of ¢’ = 8kPa and ¢’ = 28° would be appropriate
for the CH-HW Cornwallis Formation.

Hula Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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3.14 Moderately Weathered Softened Cornwallis Formation

All boreholes encountered this unit which has a thickness that varies from 2 m to 18 m with an
average of 10 m. It consists of greenish grey and pink speckled fine to medium (locally coarse)
grained silty sand and fine to medium sub-rounded gravel. It is characterised by alternating poorly
cemented and well cemented beds.

From historical data the SPT N values vary from 25 to 45 blows for 300 mm [Ref 1 & 2]. Mohr
Coulomb parameters for this material have been assessed at ¢’ = 5 kPa and ¢’ = 35° on the basis of
the available SPT data and our field observations.

3.1.5 Slightly Weathered Cornwallis Formation

The rock mass comprises fine to medium grained sandstone with layers of medium grained
conglomerate and thin laminations of siltstone. The colour is typically greenish grey with pink and
white speckling. The rock is typically very weak to weak, with the conglomerate often closer to
the upper end of this range.

The SPT N values typically exceed 50 blows/300 mm [Ref 1 & 2]. For the purposes of our stability
modelling this unit has been modelled as bedrock.

3.2 Geological structure

Our walk over mapping showed that the general trend of the Cornwallis Formation is for bedding
to dip at 5-102 towards the north-west (based on rock outcrops in Armstrong Gully and Exhibition
Drive). The dip magnitude is also evident in borehole core where bedding is apparent in the
weathered and unweathered rock mass (although dip direction can not be ascertained from
vertical boreholes).

In the rock mass jointing is typically very steeply inclined to sub-vertical, with variable spacing, as
confirmed from the outcrops in Armstrong Gully. The joint surfaces are typically clean within the
unweathered material or with a silt/clay coating in the weathered material.

Some defects which exhibit evidence of shearing (polished and slickensided surfaces) were
encountered at different locations within the borehole core. Some of the defects were bedding,
being inclined at 5° to 15°, while other joints of 30° and 45° were also observed.

Brown, soft, plastic clay seams were identified in boreholes BH 6 and BH8 and in historical Beca
boreholes BBH 4 and BBH 6. These seams were encountered within the colluvium and completely
weathered Cornwallis Formation.

Some gravel-conglomerate layers were identified during drilling. By comparing depths of
interception in borehole core and utilising structural contouring based on local bedding
orientation it has been possible to correlate these conglomerate beds in the sub-surface profile.
This correlation is not possible in the eastern part of the site adjacent to the sludge lagoons and
the old gully alignment through this area. These conglomerate beds can be traced into the
completely weathered Cornwallis Formation indicating little significant movement at depth has
occurred at the site.

3.3 Groundwater

Casagrande type piezometers were installed during the 2010 site investigation and have been
read manually. In three boreholes groundwater pressure transducers (divers) with data loggers
have been lowered down the Casagrande piezometer to automatically monitor groundwater
pressure Groundwater levels are shown in Table 3 above and plots from diver data are presented
in Appendix C. The gravel/conglomerate layers present a high primary and secondary permeability
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and are expected to underdrain parts of the site where they are found at moderate depths (10-
15m).

The groundwater data from shallow piezometers indicates groundwater levels of around 110m RL
in the upper slopes (North), reducing to around 98-100m RL on the lower slopes (South).

We note that the groundwater levels within the underlying SW Cornwallis Formation are only 1m
to 1.5m lower than those recorded in the shallow piezometers. This translates to a significant
groundwater pressure in these deeper piezometers (10-15m of pressure head) although this is
predominantly the case only in those boreholes within the Treatment Plant compound.

For boreholes BH2, BH5, BH7 and BHS, significantly reduced piezometric heads are recorded in
the deeper piezometers (5.5m to 10m head). This is broadly consistent with the location of a
jointed conglomerate bed which occurs in all four boreholes and appears to provide some
underdrainage in these areas.

For the purposes of the slope stability modelling we have taken the conservative case of a single
piezometric surface coincident with the groundwater levels observed in the shallow boreholes
and applied this to the entirety of the site.

3.4 Interpreted Geological Model

Our updated geological model for the site is illustrated in cross sections 27064.001-02 to 04. In
summary the site is covered by an upper layer of colluvium, 3m to 7 m thick, overlain by up to
4.5 m of fill in places, being thickest in the southern part of the site.

The completely to highly (CW-HW) Cornwallis Formation underlies the colluvial deposits and is
about 10 m thick. Its thickness appears to increase northwards.

Up to 18 m of softened moderately weathered (MW) Cornwallis Formation is found underneath
the CW-HW layer. The average thickness is about 8-10 m. This unit is characterised by alternated
poorly cemented sand and cemented sandstone.

The lowermost unit consists of moderately weathered to slightly weathered Cornwallis Formation
sandstone.

The shear surfaces identified in borehole core have either been on jointing, which is intersecting
core at 30-45° or along bedding which is known (from surface outcrop) to dip into the slope at 10-
15°. These shear surfaces are apparent in some boreholes and not in others and can neither be
traced along bedding with any continuity nor along the contact between the soil materials
(colluvium and Cornwallis Formation) and the underlying rock mass.

Additionally, the conglomerate layers that can be correlated between boreholes (as discussed in
Section 3.2 above) can also be traced into the highly weathered zone, and indicate significant
continuity of lithology in the sub-surface (i.e. no historical slope instability extending into the
Cornwallis Formation).

The escarpment that encircles the upper part of the Little Muddy Creek catchment has been
identified historically as potentially being a head scarp of large scale catchment wide slope
instability [refer Ref 2]. This has been challenged by recent work carried out in reference 3. We
consider that the offset of the escarpment is not matched by the depth to Cornwallis Formation
rock beneath the site, and we would not expect to find in-situ, Cornwallis Formation Sandstone
that has not been deformed in Armstrong Gully. Alternative interpretations for this feature may
include fault control, or a large scale erosional feature also been proposed [Ref 3], but we
consider that it is not indicative of large scale, catchment wide slope instability.

Huia Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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4 Geotechnical Design Considerations

4.1 Slope Stability

Recommendations and opinions contained in this report are based on data from borehole and
geological mapping from our 2010 site investigation, and on historical data collected by others.
The nature and continuity of subsoil away from the investigations locations are inferred but it
must be appreciated that actual conditions could vary from the assumed model.

4.1.1 General

Over the past 40 years the site has been significantly modified with considerable earthworksand
re-levelling of the original topography. Any geomorphic evidence of historical slope instability is
expected to have been removed. A discussion of the wider geomorphic regional setting is
summarised above and has discounted a catchment wide landslide [Ref 3]. Continuity in bedding
and intact rock observed in outcrop near the site support this.

We note that BBH2 drilled by Beca in 2005 was instrumented with an inclinometer to a depth of
39 m to monitor potential deep seated ground movements. Monitoring data are not available for
this inclinometer beyond the baseline data reading made soon after installation. Arrangements
have been made for further monitoring of this inclinometer, but this data is not presently

available.

For design purposes, Watercare has categorised the treatment plant as an importance level 4
structure in accordance with AS/NZS 1170:0 2002. This indicates a seismic event with 1:2,500
annual probability of exceedence. For design, in accordance with AS/NZS 1170:5 2004 a peak
ground acceleration of 0.31 g have been calculated and adopted for slope stability design.

4.1.2 Material Strength Parameters

Preliminary material strength parameters provided in our previous report dated January 2010
have been revised in the light of T&T laboratory testing. The material parameters for the
geotechnical units described in Section 3.3 are outlined in the following Table 7.

Table 6 - Material strength parameters

Geotechnical Unit Bulk Density Effective Cohesion Effective Friction Angle
' (kn/m?) (kPa) ()

Colluvium/Fill™? 16.0 2 30

CW-HW Cornwallis 17.5 8 28

Formation

Shear Surface ™ 17.5 0 16

MW Softened Cornwallis 18.0 5 35

Formation”

SW Cornwallis Formation® 20.0 30 38

1. From T&T 2010 Triaxial tests
2. From historical SPT tests

3. Modelled as impenetrable bedrock

4. Not continuous across the site and not included in the SlopeW models
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4.1.3 Design Criteria

The following table summarises the design criteria adopted for the site. The criteria were
developed from various legislation, codes and guidelines that govern how development on land is
to be undertaken.

Crawford and Millar [Ref 4] make reference to an FOS of 1.5 for design conditions and 1.2 for
more extreme conditions and these have generally been adopted by Territorial Authorities in New
Zealand. However, we note that the recommendations for a FOS of 1.2 under seismic load is
considered overly onerous and not generally accepted practice where level of slope movement is
generally more relevant than FOS.

Table 7 - Recommended Design Criteria: Slope Stability

Design Groundwater Conditions Elevated Groundwater Conditions | Seismic Stability

Groundwater conditions expected | Groundwater conditions associated | 0.65 PGA (1:2,500 AEP)
within design life with low probability high intensity
rainfall event

FOS>1.5 FOS>1.2 FOS > 1.0#

# = any movement will be negligible (within tolerance of structures)

The seismic criteria recommended here are based on a very low risk of large scale slope
movement following an earthquake. Current practice using semi-empirical methods to estimate
ground movements indicate limited or insignificant movements provided the FoS under the
selected psuedo-static loading is not less than 1.0 with a seismic load of 0.65 of the design PGA.
These criteria should not be applied to slopes that may become mobile due to position at cliff
tops or ground at risk to liquefaction. Our assessment of the slopes at the Huia Water treatment
plant is that the seismic response is most likely to result in insignificant or limited displacement.

4.1.4 Results of Slope Modelling

Modelling has been undertaken using limit equilibrium methods by means of Geostudio SlopeW
2007 software. Analyses have been carried out according to the geological model described in
Section 3 and shown in Drawing 27064.001-02 to 04. Geotechnical parameters have been applied
as per Table 6 above.

No continuous shear surface has been introduced in the model as the results of this ground
investigation have disproven this analysis case.

We focused our analyses along the eastern slopes (see Drawing 27064.001-04) as they are the
steepest and thus are considered to best represent the worst case geometry with respect to slope
instability (if occurring). Result outputs from SlopeW are presented in Appendix E.

We have considered three possible analysis cases:

] Case A: Current slope conditions in static and seismic conditions.

° Case B: Current slope conditions varying the groundwater levels (sensitivity analysis) in
static conditions.

] Case C: Development Option 1 in static and seismic conditions.

Proposed development Option 2 has not been analysed at this stage. In order to build the
flocculation tanks the small hill just north of Woodlands Park Road would need to be excavated to
RL 125.5 m. This would require the excavation of about 6 m of ground to be replaced by a
concrete structure filled with a maximum of 3 m of water. This is expected to result in a significant

Huia Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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unloading of the slope with a consequent improvement in slope stability expected. However, if
Development Option 2 should be preferred, detailed analyses would be required.

Our analyses indicate that generally acceptable levels of stability are expected for the slope in
static conditions (FoS > 2). For seismic conditions a minimum factor of safety (FoS) of 1.05 was
calculated within the site and 0.97 in the slope below the site (beyond the property boundary). In
all seismic assessments FoS values for slip circles that intersect the Huia WTP property boundary
were >1.0.

Sensitivity analysis on groundwater levels (Case B) shows acceptable level of stability even in high
groundwater conditions. We did not undertake sensitivity analysis on groundwater levels for
Development Option 1 because the slope geometry modifications and applied loading have
proven to be beneficial for stability when comparing Case A and Case C.

We note that the analysed slip circles are typically localised in nature and confined to steeper
portions of the overall slope or within historical fill materials. Given the extent of excavations that
may be required for individual structures for either development plan, consideration should be
given to assessing temporary excavation stability during the design process.

4.2 Foundations

4,21 General

The existing infrastructure has been built in stages from 1926 to 1970’s. It is our understanding
that the existing structures are on shallow spread foundations. These have performed adequately
to date, although discussions with site staff suggest that there is hairline cracking of many of the
concrete tanks, including the clarifiers and some ongoing leakage results.

According to records and settlement monitoring carried out at the clarifier [Ref 1], post
construction in 1973 the maximum settlement recorded was 39 mm with a maximum differential
settlement of 30 mm. These values are within typically accepted design tolerances, however, it is
not known when settlement monitoring was initiated in relation to construction and it is possible
that a significant magnitude of settlement may have been missed prior to monitoring starting.
Additionally, much of the clarifier footprint has been developed within cut (0-1m at SE corner, up
to 5-7m of cut in SW corner) and the net loads applied are likely to have been reduced
considerably due to the weight of soil removed.

4.2.2 Shallow Foundations

On the basis of historical settlement monitoring and taking into account the general condition of
existing structures we expect that structures of similar foundation pressures to those existing
should perform adequately with respect to bearing capacity and settlements if constructed on
shallow foundations.

For shallow foundations, Ultimate Bearing Capacity, Ultimate Limit State (ULS) and Working Load
Design are summarised in the following Table 8 for Colluvium and CW-HW Cornwallis Formation.

Hula Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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Table 8 - Summary of bearing capacity for shallow foundations

Material Geotechnical Ultimate Ultimate Limit State Working Load Design
Bearing Capacity

Colluvium 350 kPa 175 kPa 115 kPa

CW-HW Cornwallis 800 kPa 400 kPa 265 kPa

Formation

For the same geological units short term bearing capacities (during construction) have also been
calculated. Assuming an average undrained shear strength of 100 kPa for both materials [Ref 1 &
2], the geotechnical ultimate short term bearing capacity is 500 kPa and the short term working
bearing capacity is 170kPa.

For initial guidance, a preliminary estimate of expected settlements has been made for new
structures considering that only the Colluvium deposits and the CW-HW Cornwallis Formation are
compressible. The following assumptions have been made:

. 1 m cutting to prepare foundation and even out grade.

° 1 compressible soil unit of 10 m thickness (average thickness of compressible material for
the area).

° 1 compressible soil unit of 16 m thickness (maximum thickness of compressible material for
the site as identified in BH 1).

° 100 kPa maximum structure surcharge (chlorine contact tanks).

° Surcharge pressure calculated at centre of compressible layer.

° Average m,=0.2 m?/MN (no significant difference in m, for Colluvium and CW Cornwallis
formation)

On the basis of these assumptions, the maximum expected settlements are of 100 mm fora 10 m
thick compressible unit and 110 mm for a 16 m thick compressible unit. We note that the formula
used to estimate the settlements are conservative when compared with actual measured
settlements and in many cases only 75% of the predicted settlements actually occurs.

We stress that the settlement figures quoted above are for initial guidance only. If shallow
foundation options are favoured, then detailed analyses should be undertaken for each structure
at detailed design stage.

It is important to note that pre-consolidation of the soils is expected beneath the footprint of
existing structures and this may result in reduced settlements magnitude for those parts of new
structures that overlap these areas. However, higher differential settlements would then be
expected for new structures built across both the footprint of pre-existing structures and ground
that has not been previously loaded. This potential for significant differential settlements will
need to be addressed in detailed design, but should be considered in site layout and preliminary
design.

We expect that the differential and total settlements may be able to be mitigated using either
pre-load or ground improvement techniques for moderately sensitive structures.

We note further that in many cases a flat foundation platform for new structures will need to be
developed either by earthworks cut or earthworks fill. In either case the changes in slope
geometry need to be taken into account when calculating net loading.

T&T Ref. 27064.001/Final
October 2010
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4.2.3 Piled Foundations

Pile foundations allow transferring the load of the structures to stronger and deeper material.
This type of foundation may be appropriate if:

° High foundation pressures are expected.

. Structures are to be constructed above very soft soils (parts of the old backfilled sludge
lagoons?).

° Differential settlements may compromise the new structures.

For single driven piles founded on top of the Softened MW Cornwallis Formation with minimum
embedment of 3 times the pile diameter a geotechnical ultimate end-bearing capacity of 2 MPa
can be assumed. Ultimate Limit State Design and Working Load Design end bearing capacities are
1 MPa and 670 kPa respectively. A skin friction of 20 kPa can also be assumed.

Huia Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref, 27064.001/Final
Watercare Services Ltd October 2010
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5 Conclusions

Tonkin & Taylor was engaged by Watercare Services Ltd to carry out a site investigation and
assessment of the geotechnical conditions at the Huia Water Treatment Plant. The plant is due for
a significant upgrade in the next 2 to 5 years.

We have carried out a site investigation consisting of 8 machine drilled boreholes with sampling,
laboratory testing and groundwater monitoring. We have interpreted and assessed the results of
this site investigation campaign and re-assessed all available historical information [Ref 1 & 2].
Our conclusions are as follows:

° The geological model shown in Drawings 27064-02 to 04 has been developed on the basis
of all current and historical data. The revised model comprises 4 to 5m of fill mainly in the
south part of the site overlying Colluvial deposits up to 7.0 m thick. This in turn overlies up
to 12 m of CW-HW Cornwallis Formation. Softened MW Cornwallis Formation is present
beneath the CW-HW Cornwallis Formation to a maximum depth of 20.5 m, overlying the
SW Cornwallis Formation.

. Continuity of conglomerate beds between boreholes indicates that and historical slope
instability is expected to be confined to the uppermost Colluvium unit.

° Some slickensided clay seams and polished surfaces were encountered within the
Colluvium and CW-HW Cornwallis Formation. However, these are not traceable between
boreholes either at the soil/rock contact or along bedding planes. We have concluded that
they do not define a continuous shear surface beneath the site.

] The groundwater data from shallow piezometers indicates groundwater levels of around
110m RL in the upper slopes (North), reducing to around 98-100m RL on the lower slopes
(South). Across the Treatment Plant site the water levels recorded within the SW
Cornwallis Formation at depth are on average only 1-1.5 m lower than those recorded in
the Colluvium. Noticeably, groundwater levels in the SW Cornwallis to the North of
Woodlands Park Road are underdrained by a jointed conglomerate bed and considerably
reduced groundwater levels are recorded in these areas. For the purpose of design we have
considered a (conservative) single piezometric surface coincident with the shallow
piezometers water levels.

° Slope stability analyses undertaken on the basis of the defined ground and groundwater
model have returned acceptable levels of stability for static (FoS > 1.5), elevated
groundwater (FoS > 1.2) and a 1:2,500 AEP seismic event (FoS > 1.0).

. Slope stability analyses were undertaken to identify possible reductions in stability for the
proposed development options. For the purposes of this reporting Development Option 1
was analysed and found to improve the factor of safety for the analysed section.
Development Option 2 has not been analysed to date, but the geometry of the proposed
earthworks suggests that it should be beneficial or at least neutral with respect to impacts
on the existing level of slope stability.

® Shallow foundations are considered suitable for the site.

- Settlements of 75-100mm may need to be designed for depending on the extent of
slope cut required to develop a foundation platform. Differential settlements need
to be considered based on extent of proposed cut and extent of pre-consolidated
ground associated with previously developed parts of the site.

- Alternative options to address settlements may include pre-loading of those parts of
the site that have not previously been subject to structure loadings. This may or may
not be feasible within the construction staging whilst still maintaining operations.

Huia Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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- Depending on the depth of earthworks cut required to develop foundation platforms,
the effect on net loading may be such that settlements can be minimised. However,
where the building platform cut varies in depth, differential settlements should be
expected.

Driven Pile foundations are expected to be suitable for the site, end bearing in the MW
Cornwallis Formation Sandstone present at approx 15m below ground surface to the west
and south of the site (BH1, BH2, BH4, BH6, BH8) and as shallow as 5m in the north and west
of the site (BH3, BH5 and BH7).

Hula Water Treatment Plant Rebuild Geotechnical Investigation and Assessment T&T Ref. 27064.001/Final
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6 Applicability

This report has been prepared for the benefit of Watercare Services Ltd with respect to the
particular brief given to us and it may not be relied upon in other contexts or for any other
purpose without our prior review and agreement.

Part of the information used in this report has been collated by others and has been used in good
faith. While every attempt has been made to verify the data, we cannot guarantee the accuracy of
data supplied by other parties.

During excavation and construction the site should be examined by an engineer or engineering
geologist competent to judge whether the exposed subsoils are compatible with the inferred
conditions on which this report has been based. We would be pleased to provide this service to
you and believe your project would benefit from such continuity. However, it is important that we
be contacted if there is any variation in subsoil conditions from those described in the report.

Tonkin & Taylor Ltd

Environmental and Engineering Consultants

Report prepared by: Authorised for Tonkin & Taylor by:
Cameron Lines Chris Bauld

Senior Engineering Geologist Project Director

With assistance from S. Mosconi

L
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Appendix A:

Watercare Site Layout Options
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Appendix B:

Borehole Logs and Photos



TONKIN & TAYLOR LTD BOREHOLE No: BH1

Hole Location: Garden Shed
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E o o _ =l ® Bo|  SIGNIFICANT JOINTS, BEDDING, CRUSHED
3 | nmovonkaLFesTuReS e, comn (2| B |SE|8e[3(8 ¢ 2| 8 (288  mvosewmenzonesses blels|Beld e

" " ] © - e E
G | folation, mineralogy, textur, etc..): § E § E % clwEly E 3 g 8 g 2 DEFECT TYPE, SHAPE, ROUGHNESS EJ § g 5 é) % 4

> a ] k-] J J " =
g g L H8= §, @ of % E E g APERTURE, INFILLING, SPACING 5 e
& Q '
| £ ANGLES ARE NORMAL TO CORE AXIS
EF ] PRET ~os83 820 Qge

=3 | Clayey SILT, dark brown, soft, wet, low 4= ]
Q plasticity, organic fragments Ix -
8 Very coarse GRAVEL, hard siltstone and °o d 09.0—
[—1 o

Nscoria in claymatrix____ __ _ _ /
Silty CLAY, light grey, mottled dark grey
and orange Fe stain, firm to stiff, moist,

plastic. Some organic inclusions and

X1
|L‘|)1
AEE BN

T

0.5

Loty iyt

angular siltstone gravel, reworked Ix— X.:

| appearance, structureless  _ ___ _ _ _| o ]
Silty SAND, orange/red, very dense, dry to X 4
moist, some organic fragments. Some %

grey and dark grey, sub-rounded inclusions
0.9m: becoming very coarse, at limit of
fine/medium gravel, dark grey gravel of
various nature, sub-rounded, loose, moist
1.15m: becoming sandy CLAY, slightly
gravelly, dark grey, mottles black and
orange Fe stain, organic fragments, soft,
\moist to wet, high plasticity _ _ _ _ _ /
Organic CLAY, grey, numerous randomly
spaced fragments of branches and
vegetation, very soft, wet, high plasticity

[N

08.0—1

n

| O

padingy 07.5—1

g
°

- = 07.0—1

FILL

Jrors gt beg il
L1y it

»
S

] 06.5—]

3.0m: organic content decreases - ]
CLAY, dark grey with some organic | T ]
fibres, very soft, wet, high plasticity o gt 06.0]
e - 7

[ et 2 ]

PUSH TUBE: Sampling failed, organic
fibres preventing sample entering the tube

2
o
]

LUt

Silty SAND, reddish brown, some grey
mottles, loose, moist to dry, some organic
fragments. Intermix with grey clay and
vegetation remnants at top SOmm

05.0—

Lypiit)l]

PUSH TUBE: Sampling failed.
Recovered 50% of tube length, but core
was vertically halved and not recovered.
Material recovered as above

04.5—

L1yt
14/04/2010
|

w

q

Log Scale 1:25

g
(@]
[
Q)
N

7064.001.GPJ 16/7/10



] TONKIN & TAYLOR LTD

BOREHOLE No: BH1
Hole Location: Garden Shed

DRILL HOLE LOG

SHEET 2 OF §

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION ~ LOCATION: WAIMA, AUCKLAND JOB No: 27064.001

CO-ORDINATES 6472355.72 mN DRILL TYPE: 303CR HOLE STARTED: 14/4/10
2656430.96 mE DATUM: Geodetic 49 HOLE FINISHED: 16/4/10
DIRECTION: 0.00° R.L. GROUND: 109.20 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM  CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING, ’
8

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

(cm)

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

ROCK
STRENGTH
TEST (MPa)
CORE LOSS
TUFT (%)
METHOD, CORE & CASING
WATER
DRILL WATER
LOSS (%)
CORE BOX

TEST SYMBOL
DEPTH

GEOLOGICAL UNIT
ROCK

WEATHERING

PT LOAD/UCS
GRAPHIC LOG
DEFECT LOG

FRACTURE LOG

spacing of natural
DATE / DEPTH

RQD (%)

ANGLES ARE NORMAL TO CORE AXIS

swW
MW
HW
R4
R3
R2
R1

S0
0

S~

Likely core loss from 5.0 to 5.8m

T
»
b

FILL

Silty, fine to medium SAND, orange
brown, organic at the base, very loose, wet

PUSH TUBE: Core not logged

L g by

<

PT
T

Silty, fine to coarse SAND, light grey with
orange hue, soft, moist, loose, coarse sand E
is sub-rounded

reworked condition, recovered as fine to
medium GRAVEL, orange brown, trace of

Silty, fine to coarse SAND, light grey with =
orange hue, soft, moist, loose, coarse sand
is sub-rounded

COLLUVIUM

7.5

VLo el

SAND, slightly silty, to GRAVEL, loose, E
wet. Orange colour, gravel is sub-angular.
Very loose almost muddy at contact with
colluvium

Z

e

= 8.5 }

3 |

: 2 J

o - 00.5—]

9 — o —

z ] S

< PT2, "I ol

% PUSH TUBE: Core not logged - A 4 _

3 . = u'

z il (E

= — Z

© "Fine to medium SAND, light grey, pink n
hue, medium dense, moist E i
9.66m: relict joint Fe stained (polished?), 995~
20° .
9.8m: some carbonaceous layers at 10° E |

g and becoming Fe stained for 100mm

Log Scale 125 - ROCKLG 27064.001.GPJ 16



BOREHOLE No: BH1
Hole Location: Garden Shed

|| TONKIN & TAYLOR LTD
DRILL HOLE LOG

SHEET 3 OF §
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472355.72 mN DRILL TYPE: 303CR HOLE STARTED: 14/4/10
2656430.96 mE DATUM: Geodetic 49 HOLE FINISHED: 16/4/10
DIRECTION: 0.00° R.L. GROUND: 109.20 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, ] _
£ | HARDNESS, STRENGTH, COLOUR, ) = 8eln |3l J8 g § E 3 SIGNIFICANT JOINTS, BEDDING, CRUSHED z| E 1.
2 | LITHOLOGICAL FEATURES (bedding, coment, &l xe g L|S5€lC g 0o |7 |adl mosHEAREDZONESSEAMS b€ Bl glg ¢
. F S S1a
g foliation, mineralogy, texture, etc...); ¢ £ 2 E § o ?‘; E %j g é g E gg DEFECT TYPE, SHAPE, ROUGHNESS, E g § 3 % lg &
g g o |gF|e™ ol 558 |28 APERTURE, INFILLING, SPACING -3 571°
u o
© E ANGLES ARE NORMAL TO CORE AXIS
5252 | zaee ~238 2 820 8ge
E 10.2m: polished surface at 20° striated along dip -
Fe stained coating and clay veneer, possible .
shear -
985
E ]
o]
11.25m: 20mm with Fe stain 5 i
11.4m: 10mm gravelly layer, ]
sub-horizontal N
Z E —
o .
& | 11.65m: 100mm gravelly layer, 97.5—}
g sub-horizontal .
3 R
[ ]
v i
= ]
3 |
< —
% 97.0:
S E .
E 12.42m: 10mm silty layer 12.42m: Bedding 15-20°. ]
S ]
Q
96.5—}
96.9—]
13.4m: 200mm gravelly layer, light grey .
with Fe stain along relict joints ]
955}
13.9m: becoming coarse SAND, contact at ]
40° 14m: Joint 45°, planar, smooth, Fe stained and .
clay veneer, possibly polished? Core «
compressed below suggest movements during &0
E CORE LOSS from 14.25m to 15.0m drilling ]
& 3
(£ -
.J -
= - u
< ] ]
2 ] s
o . i
@] - -
E 15 ] —
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10




] [ - TONKIN & TAYLOR LTD

BOREHOLE No: BH1
Hole Location: Garden Shed

DRILL HOLE LOG

SHEET 4 OF 5§
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472355.72 mN DRILL TYPE: 303CR HOLE STARTED: 14/4/10
2656430.96 mE DATUM: Geodetic 49 HOLE FINISHED: 16/4/10
DIRECTION: 0.00° R.L. GROUND: 109.20 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
i | FOCKOR SOL TYPE, WEATHERING. 2 QF SIGNIFICANT JOINTS, BEDDING, CRUSHED
£ | HARDNESS, STRENGTH, COLOUR, ol 2 {8zle_l@|a 2| o|88s \ ) _ Ae
3 | LITHOLOGICAL FEATURES oedding, cement, % % 56|38 % & § g ; r g 555 AND SHEARED ZONESISEAMS E: f i g £|8
& | fotiation, mineralogy, texure, etc...; eE| 88 | 358 Elgle Bl £ | @ |Be DEFECT TYPE, SHAPE, ROUGHNESS, MEIEE 1%
g g o [E¥ 8= 8 g 9 é a8 2 g APERTURE, INFILLING, SPACING Py g-°
o 8
¢ E ANGLES ARE NORMAL TO CORE AXIS
~2g8= 80 age
Likely core loss 15.0m to 15.28m - ]
: 94.0)
[ Medium to coarse GRAVEL, angular to N
sub-rounded, very loose, moist, likely - -
| drilling disturbance 155 i
Gravelly SAND, slightly silty, orange
brown, very dense, moist, gravel is
sub-rounded
| 'SW-MW SANDSTONE, brown pink, 1807
extremely weak .
/ 16.2m: Joint fragment ~70°, Fe stained
/ 16.4m: 2x Joints 70°, planar, smooth, tight
165 (1mm), Fe stained, spacing 150mm. Core
breaks around joint
WA
~
170 X
5 2NN
%
Qo
(%)
[22]
:_j "CONGLOMERATE, medium grained 17578
% F 17.7m: Joint 80°, planar, smooth, tight (1Imm}),
S . Fe stained. Core breaks around joints
"CORE [OSS from 18.05m to 19.5m 180}
1
18,5:
l9.0:
[CORE LOSS from 19.5mto 19.8m ~ |
| Gravelly, SAND, very loose, wet,
g recovered as mud, likely drilling induced
Log Scale 125 - ROCKLG 27064.001.GPJ |




:'_”_‘:v BOREHOLE No: BH1
Hole Location: Garden Shed
' SHEET 5 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472355.72 mN DRILLTYPE: 303CR HOLE STARTED: 14/4/10
2656430.96 mE DATUM: Geodetic 49 HOLE FINISHED: 16/4/10
DIRECTION: 0.00 ° R.L. GROUND: 109.20 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
| oK OR SO TR WERTHERIG: 2 0F SIGNIFICANT JOINTS, BEDDING, CRUSHED
£ | HARDNESS, STRENGTH, COLOUR, o 8alu_|2]3 o | o |88e , : N R
> | LITHOLOGICAL FEATURES (bedding, cement, ¥ & % E g% gElg|E S g 2|t S| mosnearep zonesseus E e g g[8 g
g foliation, mineralogy, texture, etc...); SEl S ‘é“ § I %J E % g E § ﬁ g% DEFECT TYPE, SHAPE, ROUGHNESS, ,‘T_‘ g g =] g %J &
g» g L ko= g_ go %8 E g APERTURE, INFILLING, SPACING S Z-|o
] ]
¢ E ANGLES ARE NORMAL TO CORE AXIS
E31 1 .28 3 820 age
\disturbance i
MW, brown grey SANDSTONE, ]
extremely weak, highly disturbed by E o 89.0—}
drilling ]
SW, light grey pink hue, medium ] ]
SANDSTONE, extremely weak, slilghtly ]
softened along very thin SILTSTONE -
layers, <5mm thick = 3 g5
21m: Joint 80°, curved to irregular, smooth, | ]
tight, Fe stained ]
88.0—
> 8 n
S 3
21.7m: Joint 90°, irregular, smooth, tight, clean | = 8157
22m: becoming fine 22.0m: Bedding 25-30° ]
z, E 8 _
8 87.0—
g 22.3m: 20mm SILTSTONE layer, softene: 22.3m: Bedding 25° dipping. ]
Q .
3 - ]
Z) -
oS ] .
| o ]
é é.s—
8 = g ]
% -
23.05m: Joint 38°, tight (1mm), Fe stained. ]
23.15m: Joint 20°, planar, smooth, tight, Fe 869
stained. — 7l
23.3m: Bedding 20°-25°. .
E 5 .
85.5—}
24m: Joint 90°, planar, rough, tight, Fe stained, | ;.
300mm long. 7
85.0—
5 .
24.5m: 10mm SILTSTONE layer g B
g -
% s
END OF BOREHOLE AT 24.75m. i = -
Standpipe piezometers installed, see T 7
BH1-PZ for details. - |
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10



Watercare Huia WTP

PROJECT NO: SITI
BORE NO: GH |
' BOX NO: ! OF

FROM 0o METRES TO _ 3.5

-
4.
de

METRES

% Sl A PR o4 LT R e TD A O LB

2
€ }',

e——r s ¢ - e
e L g

“BH 1_BOX 01_00.00-03.50;11[59 k"
BORE NO: ¢ !
'BOX NO: =@ oF

| FROM__3.5 METRES TO = 325

BH 1_Box 02_03.50-08.25m.jpg

METRES

|

|
|
|
|

Tonkin & Taylor 27064.001



Watercare Huia WTP

| R RENFEFNIR/ AR LAN%re . B I, Ot AR AN B Bis nuer i
'BORENO: oM & \
'BOXNO: 8w 2 OF %

..................... METRES TO __1as

e ———— ——

-

AN AR AT RS SIRAREL A L &

- e

P

BH 1_Box 03_08.25-11.35m.jpg

| R ARRUFEFRIN/ R iNWFe APE R BLS

| BORE NO: oy

/BOXNO: _ su. __OF 7l
[ l
ll FROM__".3s _ METRES TO bas  METRES l

BH 1_Box 04_11.35-14.25m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

CLIENT : RE :
'PROJECT NO: . 7:<ieo0  SITE:

 BORE NO: B
' BOX NO: 3
[l-‘llﬂ)l, has METRES s, METRES

i o0 T 5 T
BH 1_Box 05_14.25-20.00m.jpg
THE DRILLING SPECIALISTS

| CLIENT :

| PROJECT NO: SITE: |
| BORE No: |

- | BOX No: OF
jl’ FROM e METRES 10 12 METRES |

‘ At .
i e et ETATRLL USSR ML

3 -Mmmﬂ«mmm'lmvmow b L TP AT s 0 534 S

1L

BH 1_Box 06_20.00-22.75m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

| PROJECT NO: 2706100 SITE: _woin |
BB NG: o bih oo o |
BOX NO: 7 OF e
FROM <25 METRES TO 2475 METRES

) " e i
' Wﬂm.wwwug@m gumummw»qmmumw«mwnwwmwmm “h

| -

VA LD 1R 4R OISR EII Amste rss

’
9
'Y

' &

BH 1_Box 07_22.75-24.75m_EoB.jpg

Tonkin & Taylor 27064.001



][ TONKIN & TAYLOR LTD

BOREHOLE No: BH2
Hole Location: Behind Sludge

DRILL HOLE LOG Thickener Tank

SHEET 1 OF 5

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001

CO-ORDINATES  6472402.56 mN DRILL TYPE: 303CR HOLE STARTED: 19/4/10
2656360.03 mE DATUM: Geodetic 49 HOLE FINISHED: 20/4/10
DIRECTION: 0.00° R.L. GROUND: 115.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° RL.COLLAR: m LOGGED BY: STMM  CHECKED: CJL

DESCRIPTION OF CORE ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

{cm)

ROCK
WATER

STRENGTH

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

DEPTH (m)

GEOLOGICAL UNIT
ROCK
WEATHERING
PTLOAD /UCS
TEST (MPa)
CORE LOSS
/LIFT (%)
METHOD, CORE & CASING
TEST SYMBOL
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natura!
DATE / DEPTH
RQD (%)
DRILL WATER
LOSS (%)
CORE BOX

ANGLES ARE NORMAL TO CORE AXIS
820« Qe

uw
swW
MW
HW
R4
R3
R2
R
RO
k)

10
ke
100

 NEm B R e

Clayey SILT, dark brown, soft, low
plasticity, wet, numerous organic

Silty SAND, dark orange, dense but
disturbed by hand auger, low plasticity,
moist, numerous roots

Borehole filled with bentonite and drilling
restart HQ. Ground samples piled next to
rig and cuttings logged

TS

HAND AUGER

Sandy SILT, light grey orange mottled,
soft, plastic, moist, few rare roots
1.45m: becoming orange

1.6m: becoming pink speckled, firm

1.75m: 50mm sand inclusions on side of
the core

|||.||_|1||)T||.c|t||||

Silty, fine to medium SAND, light grey
with some pink speckles, dense, moist,
some rare medium sand inclusions

»
=3

COLLUVIUM

2.5m: some young roots s

2.8m: 150mm very loose, recovered as
sand, very wet

PUSH TUBE: Sample core not logged

PT
[

o

Silty, fine to medium SAND, light grey
with some pink speckles, dense, moist E

SAND, slightly silty, light greyish brown
with pink hue, loose, moist, some Fe
stained. Upper 100mm are blocky

4.15m: 10mm very soft layer at 10°

L\

4.33m: 10mm very soft layer dipping at
10°

4.5m: becoming dense with rare relict
joints

4.6m: 200mm light grey SILTSTONE,
extremely weak, highly fractured but E
interlocking. No polished surfaces, some
Fe staining )

Aun.__
CW/HW CORNWALLIS FORMATION

nol—]
4.5m: Relict joints dipping 70° i

Log Scale 125 - ROCKLG 27064.001.GP]
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][ TONKIN & TAYLOR LTD

BOREHOLE No: BH2
Hole Location; Behind Sludge

DRILL HOLE LOG Thickener Tank

SHEET 2 OF 5

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001

CO-ORDINATES  6472402.56 mN DRILL TYPE: 303CR HOLE STARTED: 19/4/10

2656360.03 mE DATUM: Geodetic 49 HOLE FINISHED: 20/4/10
DIRECTION: 0.00° R.L. GROUND: 115.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ® RL.COLLAR: m LOGGED BY: STMM  CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,

LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

ROCK
RL (m)

STRENGTH

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

GEOLOGICAL UNIT
ROCK
WEATHERING
PTLOAD/UCS
TEST (MPa)
CORE LOSS
TUFT (%)
METHOD, CORE & CASING
TEST SYMBOL
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural
fractures (cm)
DATE / DEPTH
RQD (%)
WATER
ORILL WATER
LOSS (%)
CORE BOX

ANGLES ARE NORMAL TO CORE AXIS

10
£
100
50
0
-]
50
™

3

S0~

3 P
14.8m: becoming medium grained, medium
ense _ __ __ ______
Medium SAND, loose to medium dense,
green grey with some pink fine inclusions,
medium dense to dense

™

5.5m: becoming very dense silty SAND to - B( 5.5m: Relict joints Fe stained, inclined 45° to e

SANDSTONE, extremely weak. E 85°

5.8m: becoming medium SAND, orange
brown, dense

[N

09.0—]

NN

6.5— 08.5—]

6.7m: heavily Fe stained on relict joint dipping
60°

Fine to medium GRAVEL, slightly sandy,
dense, wet. Clasts are sub-rounded to

sub-angular, light brown colour, grey hue,
some heavy Fe stained on relict joints 70

08.0

AEEENEREE NN

Box 2

1.5 07.5—

7.7m: becoming reddish brown

Lyl lgll

7.8m: becoming loose E

CW/HW CORNWALLIS FORMATION

ud
©

b gttt ettt ida il

07.0—1

i 20/4110

8.25m: becoming light brown, grey hue,
dense, relict vertical joint split the core to
8.5m

8.25m: Joint 90°, relict.

8.

73

06.5

Lot bes el

by

bed

o

tat byl

= R RCE
L

DERRN A 2V
lI|||lI|

&
o
!

9m: core is very weak, a vertical joint is
filled with white to light grey clayey SILT,
plastic, moist, clay to Smm thick

[\ 9m: Joint 90°, relict with clay gouge.

9.5

[+
>
Bot

HW, orange brown, grey pink hue, coarse
g SANDSTONE, extremely weak, E

|

9.8m: Bedding 10°, relict.

1

\\

sub-rounded to sub-angular clasts
Log Scale 1:25 ROCKLG 27064.001.GPJ 1677/

>



][ TONKIN & TAYLOR LTD

BOREHOLE No: BH2
Hole Location: Behind Sludge

DRILL HOLE LOG Thickener Tank

SHEET 3 OF 6§
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION - LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472402.56 mN DRILL TYPE: 303CR HOLE STARTED: 19/4/10
2656360.03 mE DATUM: Geodetic 49 HOLE FINISHED: 20/4/10
DIRECTION: 0.00° R.L. GROUND: 115.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ) ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, o ~
£ | HARDNESS, STRENGTH, COLOUR, o . 8sla 33 d 8|3 88 g| sowroaw JOINTS, BEDDING, CRUSHED z| g |
; LITHOLOGICAL FEATURES (bedding, cement, 8| x¢ g kL é g o | 2 |WES]  ANDSHEAREDZONESISEAMS mlE i § €18
g foliation, mineralogy, texture, efc...); &l 8 E § = % E g g E % % Eg DEFECT TYPE, SHAPE, ROUGHNESS, E g § 3 g %’
] E o [EE[S5~]3 wo g8 ]ss APERTURE, INFILLING, SPACING -3 -
2 o P [y
8
¢ £ ANGLES ARE NORMAL TO CORE AXIS
5333 |zouse 2882 820 a8

HW, orange brown, grey pink hue, coarse 9.95m: Bedding 10°, white clay infilling.
SANDSTONE, extremely weak,

sub-rounded to sub-angular clasts
10.25m: Bedding 10°, possibly slickensided,
softened across 10mm and white silty clay
filling 1mm thick.

10.4m: Some relict joints, Fe stained.

10.65m: Bedding 10°, Fe stained.

10.8m: Bedding 10°, Fe stained.

11m: Joint 60°, Fe stained.

11.3m: Bedding 10°, planar, slickensided, tight
(1mm), clay gouge white silt striated.

11.7m: 10mm SILTSTONE, weak, 11.7m: Bedding 10°.

softened
4
9 |
=
g 12.1m: 10mm softened
oL _ _ _
o | CORE LOSS from 12.3m to 12.7m
2
=
%
8 _______________ 12.7m: Joint 90°, planar, Fe stained. —
% 12.8m: Joint 20°, planar, smooth to
E slickensided, Fe stained and clay gouge, tight.

17

13.1m: Joint 60°, planar, smooth, tight, Fe
stained and clay gouge.

21

13.9m: Joint 15°, irregular, rough, tight, Fe
stained.

13.95m: Joint 10°, planar, smooth, tight, clay
gouge and Fe stained, white clay shining.

14.35m: Joint 40°, planar, smooth, open
(10mm), fragments.

73

14.6m: Joint 40°, planar, slickensided, tight, Fe
stained and clay gouge, slickensided and
striated.

g

Log Scale 1:25 ROCKLG 27064.001.GP]J 1




| TONKIN & TAYLOR LTD

BOREHOLE No: BH2
Hole Location: Behind Sludge

DRILL HOLE LOG Thickener Tank

SHEET 4 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472402.56 mN DRILL TYPE: 303CR HOLE STARTED: 19/4/10
2656360.03 mE DATUM: Geodetic 49 HOLE FINISHED: 20/4/10
DIRECTION: 0.00° R.L. GROUND: 115.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL. TYPE, WEATHERING, ] _
& | HaroNess, STRENGTH, COLOUR, ol -|84|lo_|3]3 dalg g g £ SIGNIFICANT JOINTS, BEDDING, CRUSHED E N E 1.
2 | LITHOLOGICAL FEATURES (bedtting, cement, 58| xe SS|CE[S|E o | P |edy| AosHEAREDZONESSEAUS wl g g El8 €
g foliation, mineralogy, texture, etc...); I T e lé § = W t:’: W 2 E = uﬁ‘ g% DEFECT TYPE, SHAPE, ROUGHNESS, F—J § é 3 § g 2
o b |Zul3=|g|a 8 2 | & g < zd|o
o E g dl= g | o E“ APERTURE, INFILLING, SPACING z x
i g °
° E ANGLES ARE NORMAL TO CORE AXIS
2323 |zo0se ~2882 820 sae
MW, grey with pink hue, medium to ]
coarse SANDSTONE, extremely weak, 8
clasts are sub-rounded to sub-angular -
15.5m: becoming brown, Fe stained 153 15.5m: Bands of Fe stained material dipping at #37]
50°. 7]
15.6m: Joint 50°, white clay filling Imm. n
| ]
15.95m: Smm SILTSTONE 16.0—| 15.95m: Bedding 10°. 99.0—]
16.5— — 98.5—]

16.6m: Joint 90°, planar, smooth, tight, clay
gouge, white.

91

HW/CW CORNWALLIS FORMATION
Ll bed

3
s
]
8
=
I

19/04/2010

17.35m: Joint 70°, irregular, rough, Fe stained,
tight, length 100mm:.

=
3
&
]

° ]

=

MW, grey with pink hue, medium to i

coarse SANDSTONE, weak. Clasts are | ¢70-]

sub-rounded to sub-angular .

18.1m: Joint 60°, planar, rough, open (2mm), 3

fragments. 7]

g 6]

g ["CORE LOSS from 18.35m to 18.95m ] 18.55m: Highly fractured recovered as gravel. ]

< ] ] ]
g _

2 ] 3

Al n i ]

j 18.95 to 19.2m: core is very wet 19.0—] 18.95m: Highly fractured, recovered as gravel. 96.0—}

9 3

U —

— 955

2 ]

19.85m: Join®0°, planar, rough, tight, clay n

a gouge, white. .

Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10



|| TONKIN & TAYLOR LTD

BOREHOLE No: BH2
Hole Location: Behind Sludge

DRILL HOLE LOG Thickener Tank

SHEET 5 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472402.56 mN DRILL TYPE: 303CR HOLE STARTED: 19/4/10
2656360.03 mE DATUM: Geodetic 49 HOLE FINISHED: 20/4/10
DIRECTION: 0.00° R.L. GROUND: 115.00 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, o _
£ | HARONESS, STRENGTH, COLOUR, o| . 8ol |33 g |g 8 Bg|  sowroions, BEDDING, CRUSHED £l e |
2 | LmHoLosicaL FEATURES (bedding, cement TR ERHE S 2| 2 |RES| AnpsHEARED ZONESISEAMS gl g8
g foliation, mineralogy, texture, etc...); e & 2 lé! § &= g E g g E g @ E% DEFECT TYPE, SHAPE, ROUGHNESS, E § g 3 g g
g g o |-F|lo=~|cfd of ¢ | § Eg APERTURE, INFILLING, SPACING 3 g7|°
% 8
° E ANGLES ARE NORMAL TO CORE AXIS
7?75 = 82w QgL
% SANDSTONE, as previous
g 2
o
&
j2]
3
|
% o
Q
@]

END OF BOREHOLE AT 21.0m.

Standpipe piezometers installed; see
BH2-PZ for details.

n
Lo lings

Li 1t

220~

T I

22.5—

BRI

23.0—

N
=
»
L1y 11t

I R

24.0—

245

TN Y Y O O O O A O

Log Scale 1:25 ROCKLG 27064.001.GP] |



Watercare Huia WTP

BH 2_Box 00_00.00-01.30m.jpg

B RSN Cw ma e - == -

| BORE NO: BH &

BOX NO: 4 or
FROM %0~ METRES TO _Ywéom METRES

R0 abarh -

BH 2_Box 01_01.30-04.60m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

PROJEUL XU crveqvel N T B § DTS U2 T —
BORE NO: BH 2

- | BOX NO: 2. | SR
FROM 4-60»  METRES TO 325

T —

—
v a0 03208 A 03 .'.f 84, AULVAR IS A
s et Aok A o o A i A S L R R

BH 2_Box 024.60—07.25m.jpg
| BORENO: _ sz e . =
I A - h . b |
goxNo: 3. OF - "~ |

| FROM_725

METRES TO 9 60~ METRES \

BH 2_Box 03_07.25-09.60m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

| CLIENT : _ WATERCARE.
| PROJECT NO: Ziogu-col SKTE:  Hoin
BORE NO: 82
| BOX NO: 4 or |
I FROM 4 60m METRES TO 12.com METRES

BH 2_Box 04_09.60-12.00m.jpg

[poRENO: 82— —

'BOXNO: 5 —— 1)
| FROM 2%~ METRES TO 151500 METRES

N ter .
| —

BH 2_Box 05_12.00-15.15m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

|BORENO: ™0

[ " <
/BOXNO: ¢ OF
§ FROM_/5:5~ _ METRES TO 13 95 METRES

| ) ‘ |
3 "R = . A o PEp & y remonm

’ RORENO: %2 — |
illl(),\’ NO: __*+ OF |

|

1
;’ FROM_/7.¢5  METRES TO . 21 -cc METRES |

e i ——

v
B st o % 3 . t
YR S SRR TR B T b m_f.;;uﬂumﬂmsmmsxumwmmm b

"\-._;.,‘ -

BH 2_Box 07_17.85-21.00_FoB.jpg
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] [

TONKIN & TAYLOR LTD

DRILL HOLE LOG

Hole Location: Behind

SHEET 1 OF §

BOREHOLE No: BH3

Washwater Thickener

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472421.61 mN
2656522.94 mE

DIRECTION: 0.00°
ANGLE FROM HORIZ.: -90.00 °

DRILLTYPE: 303CR
DATUM: Geodetic 49
R.L. GROUND: 109.28 m
R.L.COLLAR: m

HOLE STARTED: 21/4/10
HOLE FINISHED: 22/4/10
DRILLED BY: Drill Force

LOGGED BY: STMM CHECKED:

CJL

DESCRIPTION OF CORE

ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES {(bedding, cement,
foliatlon, mineralogy, texture, etc...);

GEOLOGICAL UNIT
ROCK
WEATHERING
ROCK
STRENGTH
PTLOAD /UCS
TEST (MPa)
CORE LOSS
TUFT (%)
METHOD, CORE & CASING

100

R4
R3
R2
R1
3
10
EY

(cm)

TEST SYMBOL
OEPTH_(m)
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural

50
0

S~

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

ANGLES ARE NORMAL TO CORE AXIS

DATE / DEPTH
RQD (%)
WATER

DRILL WATER
LOSS (%)

RBR

CORE BOX
RL (m)

Clayey SILT, dark brown, dry, non-plastic,
thickness 10mm

Rubbles of dark grey SANDSTONE,
100mm

Silty SAND, orange brown with some Fe
stain

HAND AUGER

HW/CW CRNWLS FMN | FILL

MW CORNWALLIS FORMATION
Q
e
]
[
Q
w
wr
=
3]
3
N
v
3
w
3

Silty SAND, dark grey -

Fine to medium SAND, dark grey,
greenish blue hue, medium dense to loose,
wet, some Fe stain

2.35m: becoming very loose, wet

medium SANDSTONE, extremely weak

Fine to medium SAND, brown orange,
very loose, wet

4.2m: fine SAND, dark grey, moist

4.4m: becoming loose to very loose, wet

COBBLES and PEBBLES of
SANDSTONE, loose

|
22/4/10

!”‘0

L1 1ty

09.0—

N I

08.5—

I I I I

08.0—

L1y l) iy

07.5—

| O T I

07.0—

EEEEREEEE AN NN

05.5—1

23
Ll sty b e

S
e
s

|

Log Scale 1:25

ROCKLG 27064.001,GPJ




] [ TONKIN & TAYLOR LTD

BOREHOLE No: BH3
Hole Location: Behind

DRILL HOLE LOG Washwater Thickener

SHEET 2 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472421.61 mN DRILL TYPE: 303CR HOLE STARTED: 21/4/110
2656522.94 mE DATUM: Geodetic 49 HOLE FINISHED: 22/4/10
DIRECTION: 0.00° R.L. GROUND: 109.28 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, o
E | HARDNESS, STRENGTH, COLOUR o a l. |31z 0 | o | 98|  siGNFICANT JOINTS, BEDDING, CRUSHED - o
E] . ; - z| Z|88|82 2|8 § S| 8 |288] anpsHEARED zonessEAMs S Egl3
2 LITHOLOGICAL FEATURES (bedding, cement, 5 % 5 gzn SE [} & : E I e : g & g ﬁ é 2 @
3 foliation, mineralogy, texture, etc...); e & e E g»&’- g E %’ g E g @ g% DEFECT TYPE, SHAPE, ROUGHNESS, E 5 § 3 § %
g g RS Plo~ g_ wo x4 E g APERTURE, INFILLING, SPACING S -
W I¢]
° £ ANGLES ARE NORMAL TO CORE AXIS
5552 | zenae ~or82 82w age

Dark grey SAND, loose, moist

B

Fora
)

5.8m: becoming wet

SANDSTONE, some brown
discolouration and patches

6.3m: highly fractured to pebble size

13

6.65m: wet PEBBLES of grey sandstone

6.7m: becoming very weak SANDSTONE 6.7m: Joint 60°, planar, smooth, Fe stained.

7.1m: highly fractured from pebbles to fine

7.1m: Fragments of polish striated surface Fe
gravel size, wet

stain, Orientation unknown. °

UW, dark grey, medium SANDSTONE, . i
weak 7.65m: Joint 80°, planar, rough, tight (1mm),

silica coating.

MW CORNWALLIS FORMATION

67

8.1m: some disk breaking

Dark grey, medium SAND, very loose, wet

8.8m: pebbles, drilling induced

MW, dark grey, medium SANDSTONE,
weak

9.2m: 2x Joints 60°, irregular, rough, tight,
clean, spacing SOmm.

. Dec
Log Scale 1:25 ROCKLG 27064.001.GPJ 1



|| TONKIN & TAYLOR LTD

BOREHOLE No: BH3

Hole Location: Behind

DRI LL HOLE LOG Washwater Thickener
SHEET 3 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472421.61 mN DRILLTYPE: 303CR HOLE STARTED: 21/4/10
2656522.94 mE DATUM: Geodetic 49 HOLE FINISHED: 22/4/10
DIRECTION: 0.00° R.L. GROUND: 109.28 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
E FOCK OR SOLL TYPE, WEATHER NG: 2 OF SIGNIFICANT JOINTS, BEDDING, CRUSHED
5 | HARDNESS, STRENGTH, COLOUR, Q 8sle. 2|0 8| o|o8E S, ] £l &
; LITHOLOGICAL FEATURES (bedding, cement, % % % § 2 s § g § 2 Q g g QES’ AND SHEARED ZONES/SEAMS E g i}_,‘ L;(‘j & § £
8 foliation, mineralogy, texture, efc...); ] = Q 'él g = % g H.O:J g g E @ E% DEFECT TYPE, SHAPE, ROUGHNESS, E' § é 3 § 'g 2
g- g o |eF|S~|a|g o 5| B ga APERTURE, INFILLING, SPACING g g-1°
] S “
° E ANGLES ARE NORMAL TO CORE AXIS
R nor8= 820 /8L
10m: Silty, fine SAND, very loose, wet ]
______________ E ° 990~}
Fine SANDSTONE, extremely weak - -]
10.5 E
10.67m: SILTSTONE, extremely weak 10.67m: Bedding 38°. n
10.7m: fine SANDSTONE, very weak 9851
10.72m: medium to coarse SANDSTONE, ]
very weak E - - -
11.0— @ ]
%
-
11.25m: Core softened to SAND, end of 980
nun_ 11.35m: Drill induced fractures along run. | —
CONGLOMERATE, very weak, ]
sub-angular clasts, white, black and green Ty 11.5m: Joint 60°, planar, rough, tight, clean. -
in colour. Grey overall colour, pinkish hu - 7
El g ]
_ 97.5—]
120 ]
- [CORELOSS ~ ~ ~ ~ ~ ~ ~ — 7 - 12.1m: Drilling induced fractures along run. | E
o 1
g 7 970
o . & ]
u‘ -
2 [ CONGLOMERATE, as previous -
= |
< 96.5—1
% 12.85m: Drilling induced fractures along run, ] .
S -
?z -
13.12m; Fine to medium SANDSTONE, .
extremely weak E 13.2m: Joint 70°, planar, rough, tight, clean. 3 s6.0-]
g ]
3 ]
_______ R & ]
CORE LOSS from 13.6 to 14.25m - 7
Ground completely loosed overnight and J -
washed away at drilling start i 95.5—1
E| a
140 .
"CONGLOMERATE, as above | 95.0—
I 14.45m: becoming medium to fine ° i
SANDSTONE | 5
CORE LOSS from 14.5 to 14.8m ]
_______________ | 94.5—]
CONGLOMERATE - 14.8m: Joint 70°, planar, rough, tight, clean. .
g ~ 14.9m: Bedding 20°. ° n

Log Scale 1:25

ROCKLG 27064.001.GPJ 16/7/10



BOREHOLE No: BH3
Hole Location: Behind

DRILL HOLE LOG Washwater Thickener

= TONKIN & TAYLOR LTD

SHEET 4 OF 5 :
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472421.61 mN : DRILL TYPE: 303CR HOLE STARTED: 21/4/10
2656522.94 mE DATUM: Geodetic 49 HOLE FINISHED: 22/4/10
DIRECTION: 0.00° R.L. GROUND: 109.28 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 0 _
£ | HARDNESS, STRENGTH, COLOUR, o| - 8sla |2l3 d 8¢ 88 £ SIGNIFICANT JOINTS, BEDDING, CRUSHED z| 5
; LITHOLOGICAL FEATURES (bedding, cement, 58| % g E‘g § glo g 2|z '&’Ev AND SHEARED ZONES/SEAMS % & ﬁ Eé g
. E] S 9a
3 | fotation, mineralogy. texture, etc..) eE| & A g n g g E g ol I g DEFECT TYPE, SHAPE, ROUGHNESS, plglEl2 g‘ %
g g o |gF|S~|s|E of & | § g8 APERTURE, INFILLING, SPACING b Z-o
hil S e
? E ANGLES ARE NORMAL TO CORE AXIS
2282 | zo0se 2g8 = Qae
UW, dark grey SILTSTONE, extremely : 4% % M
nweak . —
CORE LOSS from 15.1 to 15.65m —
. 94
7 )
15.5—]
15.65m: fine SANDSTONE, extremely ‘
weak i .
15.75m: Sub-h tal carbx 1 . 93.5—
| 15.8m: coarse SANDSTONE; very weak m: Sub-horizontal carbonaceous layer. L
CORE LOSS from 15.85 to 16.4m
o

Coarse gravel with fragments of coarse
SANDSTONE

16.55m: Bedding 10°. L

Fine SANDSTONE, extremely weak

16.85m: Polished surface 18°, possibly
singenetic.

58

17.15m: becoming very fine
SANDSTONE, with inclusions of fine
sandstone, dark grey

60

SW CORNWALLIS FORMATION

17.9m: becoming coarse SANDSTONE,
extremely weak, uncemented top 100mm

18.1m: Joint 90°, planar, rough, tight, clean.

18.3m: Joint 40°, planar, rough, tight, clean,
spacing 70mm.

20

SW, grey, coarse SANDSTONE,
extremely weak

70

19.6 to 20.35m: softened

48

g

Log Scale 1:25 ROCKLG 27064.001.GPJ




= TONKIN & TAYLOR LTD
DRILL HOLE LOG

BOREHOLE No: BH3

Hole Location: Behind
Washwater Thickener

SHEET 5 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472421.61 mN DRILL TYPE: 303CR HOLE STARTED: 21/4/10
2656522.94 mE DATUM: Geodetic 49 HOLE FINISHED: 22/4/10
DIRECTION: 0.00° R.L. GROUND: 109.28 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 © R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
. | ROCK OR SOLL TYPE, WEATHERING. g OF SIGNIFICANT JOINTS, BEDDING, CRUSHED
£ | HARDNESS, STRENGTH, COLOUR, [¢] 8sla_|%|3 2 o|88s \ , CRUSH z| _
2. LITHOLOGICAL FEATURES (bedding, cement, X E % § == g & § g :E: § g Qg 8| aNDsHEARED ZONESISEAVS E & B E g § 3
O | foliation, mineralogy, texture, efc...); e E ou g I W I W .‘f N E Qe E, DEFECT TYPE, SHAPE, ROUGHNESS, =18 é i ale 2
8 AR E IR NG, - ARFELL
a P I g w 5| a ég APERTURE, INFILLING, SPACING 3 &
w o
¢ E ANGLES ARE NORMAL TO CORE AXiS
%%E% TpRsg ~2382 82 ase
SANDSTONE, as previous ] 3
E @ 7]
89.0—
UW, grey, coarse SANDSTONE, [ | | 7]
extremely weak 205 ]
E 3 ]
88.5—
21.0— 3
880
21.5m: becoming fine SANDSTONE 257 21.5m: Lamination 10°, - E
875
21.85m: core dropped from sampler; only 21.85m: Drilling breaking. [ | —
Z | partially recovered, 150mm coarse 0] ]
| SANDSTONE ! .
% ° 87.0—
= i
“ u
=1| 22.4m: fine SANDSTONE .
b, 225 e ]
% || 2
& 22.65m: becoming medium n
O 86.5—
z :
22.9m: Lamination 30°. - ]
23.0—) ~ ]
86—
TUW; grey SICTSTONE, extremely weak | ns 3 X ]
Ix x N
Ix x ]
x X —3
[ Ax x 3 -]
Ix x 85.5—
Ix x -
Ix x ]
X X .
uo—{ ¥ % -
________________ dx.% - -
UW, grey, fine to medium SANDSTONE m
- 24.25m: Carbonaceous band 20°. 85-05
24.35m: Joint 80°, planar, rough, tight, clean. ]
. 24.55m: Joint 34°, planar, rough, tight, clean. 4
24.6m: becoming very weak ]
END OF BOREHOLE AT 24.85m. g’-__'
[—T\ Standpipe piezometers installed. See ] -
g ||BH3-PZ for details. } 3 .
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10




Watercare Huia WTP

| BORE NO: 243
|BOXNO: 1 OF _ |
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'
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Tonkin & Taylor 27064.001




Watercare Huia WTP

BORE NO: Bh3

BOX NO: £ Oor
“FIFROM 780 METRES TO __ 20~ METRES

BH 3_Box 03_07.80-11.20m.JPG
' BORE NO: ___ o3 : et
'BOXNO: 4 _OF
| FROM__212c.  METRES T0 5 \¢ METRES

,‘\..\
40

S AR S Rt 12 3 PR 1T £ 0 L G

BH 3_Box 04_11.20-15.10m.JPG

Tonkin & Taylor 27064.001




Watercare Huia WTP
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Watercare Huia WTP

' BORE NO: a¥3
' BOX NO: . | ) O
A l?ll(l)l_j”z. 60m  METRES TO 24 .85 METRES

\‘_‘r X

3 -
'f”“!lmmmﬁm&wmvwemv=m-m'~0rww-—-_wrm;;m FEFE

BH 3_Box 07_22.60-24.85_E0B.JPG

Tonkin & Taylor 27064.001



i) [ TONKIN & TAYLOR LTD

BOREHOLE No: BH4

Hole Location: Side of Lagoon

DRILL HOLE LOG

SHEET 1 OF §
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472370.84 mN DRILL TYPE: 303CR HOLE STARTED: 26/4/10
2656466.7 mE DATUM: Geodetic 49 HOLE FINISHED: 27/4/10
DIRECTION: 0.00° R.L. GROUND: 108.34 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR:; m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
o
. ::ss h:::ERS :osn; ;;::E; Tw:g;l:zzl:s, o 2|, z " g | o QE 5 SIGNIFICANT JOINTS, BEDDING, CRUSHED x o
‘ 4 ' z © ~ = —_ —~{%
; LITHOLOGICAL FEATURES (bedding, cement, $E|x § g g g § g = > g ég < AND SHEARED ZONES/SEAMS g & E g |8
§ follation, mineralogy, texure, efc...); e & e E § = g E g g é E ﬁ E% DEFECT TYPE, SHAPE, ROUGHNESS, E go,: é 3 g g
3 g o |ER|e™ g wao ety g g APERTURE, INFILLING, SPACING g Z-|°
] <]
¢ E ANGLES ARE NORMAL TO CORE AXIS
5233 |zomze  |.2a8% 820 QgL
COBBLES and GRAVEL, in a sandy -
matrix, dark brown. Cobbles and gravel —%
of scoria, dry : _%
Some steel nails at top ] @)
- +
E o.s—l&%{
5| o
3| ¥
e
Clayey SILT, light grey, orange mottled, x B
very soft, plastic, moist to wet, some rare Lo
organic fragments _*‘X
1
X
- x
] L
T x
X —
— 15— X
1 =
e
o
X
. X
- X
i %
x_
B 20— X
==
%
1 -x
X
. X
- L
T x
X
L. %
PUSH TUBE: Sample only 50% T -
recovered. Core not logged ]
2 i E
: .
2| Clayey SILT, as previous =
3 I
3.2m: becoming dark green grey with :*_x
white sub-rounded small gravel Ix
E =X
———————————————— 35— X
Silty SAND, green grey, very loose, wet — ;
e E
Reddish brown, slightly silty, medium to
coarse SAND, sub-angular
PUSH TUBE: Core not logged >
=
5] -
gLog Scale 1:25 ROCKLG 27064.001.GPJ




] [ ' TONKIN & TAYLOR LTD

BOREHOLE No: BH4

Hole Location: Side of Lagoon

DRILL HOLE LOG

SHEET 2 OF 5

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001

CO-ORDINATES 6472370.84 mN DRILL TYPE: 303CR HOLE STARTED: 26/4/10

2656466.7 mE DATUM: Geodetic 49 HOLE FINISHED: 27/4/10
DIRECTION: 0.00° R.L. GROUND: 108.34 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ® RL. COLLAR: m LOGGED BY: STMM  CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,

LITHOLOGICAL FEATURES (bedding, cement,
follation, mineratogy, texture, etc...);

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

(cm)

DEPTH (m)
RQD (%)
WATER
LOSS (%)

CORE BOX
RL (m)

TUFT (%)

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

GEOLOGICAL UNIT
ROCK
WEATHERING
PTLOAD/UCS
TEST (MPa)
CORE LOSS
TEST SYMBOL
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural
DATE / DEPTH
DRILL WATER

ANGLES ARE NORMAL TO CORE AXIS
20 war

uw

- SwW

= MW

I~ HW
R4
R3
R2
Rt
RO
0
0

Reddish brown, slightly silty, medium to
coarse SAND, sub-angular

CVM

Medium to coarse SAND, slightly silty,
light grey, orange laminated, dense, moist
5.35m: becoming lighter grey with orange
lamination, sub-vertical

[

03.0—
5.35m: Sub-vertical lamination.

5.5

i 2714110

02.5—

6m: becoming fine grained and 100mm 60

light grey colour
6.16m: 2 polished surfaces 30° dipping, spacing
50mm.

I

6.2m: Below polished surfaces becoming

coarser sand with some Fe stain 02.0—

6.5

[ I

=4
W
|

e
°
]

LIl l]ll

PUSH TUBE: Core not logged

)t el

2

8

[
|

PT
[

SAND, orange brown, very loose, wet,
becoming dense E

CW/HW CORNWALLIS FORMATION

8.25m: Sub-horizontal lamination. Relict
sub-vertical joint.

8.25m: some lens/layers of dense, grey,
medium SAND

8.4m: fine sand to silt layer, light grey with
orange laminatioin, becoming medium 85—
dense

8
o
Ly bbb

8.75m: Contact with coarse SAND, orange / 8.75m: Bedding 30°.

brown, loose, wet 99.5—

b
°©

T

moist
9m: becoming dense

0%9%%

| |

g
NG

9.25m: loose, sub-rounded to sub-angular,
coarse to very coarse gravel, wet

o
009

99.0—]

R

n

SV TV

0000.
°°°o°°°o°°°o

O T O I

.
)

&

a
|

9.8m: grading to medium gravel, loose,
wet, Fe stained
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] [ TONKIN & TAYLOR LTD

BOREHOLE No: BH4
Hole Location: Side of Lagoon

DRILL HOLE LOG

SHEET 3 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472370.84 mN DRILL TYPE: 303CR HOLE STARTED: 26/4/10
2656466.7 mE DATUM: Geodetic 49 HOLE FINISHED: 27/4/10
DIRECTION: 0.00° R.L. GROUND: 108.34 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, ] _
£ | HaroNess, STRENGTH, COLOUR, o 8+l |33 dele § g SIGNIFICANT JOINTS, BEDDING, CRUSHED =l E 1.
; LITHOLOGICAL FEATURES (bedding, cement, % I %8 g g g 2 c g z § 2 E:é_‘“ AND SHEARED ZONES/SEAMS g & ﬁ 3 A B
t_; foliation, mineralogy, texture, etc...); Skl 8 E §§ g E % g E g g EE:, DEFECT TYPE, SHAPE, ROUGHNESS. E gy g 3 § 'g’
g E o [EFlo~]|ojd o g | 8 E 8 APERTURE, INFILLING, SPACING g g-1°
] 8 o
¢ E ANGLES ARE NORMAL TO CORE AXIS
2323 | zovse 2383 82w wae
GRAVEL, as previous - ped
1%
-4’0
l: :, ;D o o
Tl g
-1 oo o ‘%
10.5m: becoming very dark grey to black %2, 2% |
due to Fe stain T
-
10.7m: 150mm coarse sub-rounded gravel, —o %::’
loose, wet 1°0 d
10.85m: mix of coarse gravel and coarse E s
sand, loose to medium dense, wet 110
11.25m: becoming dense, moist _
ll.S: :
11.6m: becoming orange brown El I E
] 96.5—]
zl 120 1
Q [ Grey, coarse SAND, some Fe stain, dense, ’
% moist
S i,
o
=3
é ol
[ )
O [ HW, light grey pink hue, medium to t
E coarse SANDSTONE, orange brown at .
5 top, extremely weak E -
O ;
E 13.25m: striated polished surface 10°, likely 3
intraformational. 9”’["
14.25m: becoming orange brown with t
numerous Fe stained bands 940
E t
Log Scale 1:25 ROCKLG 27064.001.GPJ -;)




][ TONKIN & TAYLOR LTD

BOREHOLE No: BH4

Hole Location: Side of Lagoon

DRILL HOLE LOG

SHEET 4 OF §

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001

CO-ORDINATES 6472370.84 mN DRILL TYPE: 303CR HOLE STARTED: 26/4/10
2656466.7 mE DATUM: Geodetic 49 HOLE FINISHED: 27/4/10
DIRECTION: 0.00° R.L. GROUND: 108.34 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ® RL.COLLAR: m LOGGEDBY: STMM  CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING, ‘
2

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

(cm)
WATER
DRILL WATER
LOSS (%)

RL (m)

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

TEST (MPa)

GEOLOGICAL UNIT
ROCK
WEATHERING
ROCK
STRENGTH
PTLOAD/UCS
CORE LOSS
JUFT (%)
TEST SYMBOL
DEPTH (m)
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural
DATE / DEPTH
RQD (%)
CORE BOX

ANGLES ARE NORMAL TO CORE AXIS
- Qe

METHOD, CORE & CASING

5332 |zon:

0
100
50

I

3
1

| |

15.2m: becoming dark almost black,
numerous Fe stained, some gravel
inclusions towards end of run

Ll tll

15.75m: becoming very dark grey almost
black along Fe stain, dry

CW/HW CORNWALLIS FORMATION

[ I |

MW, bluish grey SANDSTONE, softened
top SOmm, extremely weak
16.3m: 10mm very soft SILT

<
S
5

|

16.6m: Coarse SAND, uncemented
SANDSTONE, 100mm thick
16.75m: 300mm uncemented
SANDSTONE

BN

2
i
|

CONGLOMERATE, dark grey, moist,
uncemented

AR NN

17.2m: becoming extremely weak

17.25m: completely uncemented, getting
wet

91.0—]

MW CORNWALLIS FORMATION

| I

SANDSTONE, extremely weak

90.5—

SW, grey, coarse SANDSTONE,
extremely weak

Box 6

LA 11l

Sharp contact with 100mm
1 CONGLOMERATE, extremely weak, L

18.3m: Bedding 20°. 90.0—
18.4m: Bedding 20°.

88

Sharp contact grey, medium
SANDSTONE, extremely weak, poorly
cemented

18.75m: Grey with pink hue, medium
SANDSTONE, cemented

Ly1 sl

89.5—

19m: uncemented

67

L el

89.0—1

SW/UW CORNWALLIS FORMATION

19.5m: 50mm thick progressive passage to
coarse cemented SANDSTONE

67

Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10



] [ TONKIN & TAYLOR LTD

BOREHOLE No: BH4
Hole Location: Side of Lagoon

DRILL HOLE LOG

SHEET 6 OF 5

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001 I

CO-ORDINATES 6472370.84 mN DRILL TYPE: 303CR HOLE STARTED: 26/4/10

2656466.7 mE DATUM: Geodetic 49 HOLE FINISHED: 27/4/10
DIRECTION: 0.00° R.L. GROUND: 10834 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° RL.COLLAR: m LOGGED BY: STMM  CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,

LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

(cm)

WATER
DRILL WATER
LOSS (%)

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

GEOLOGICAL UNIT
ROCK
WEATHERING
ROCK
STRENGTH
PTLOAD/UCS
TEST (MPa)
CORE LOSS
JUFT (%)
METHOD, CORE & CASING
TEST SYMBOL
DEPTH (m)
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural
DATE / DEPTH
RQD (%)
CORE BOX

ANGLES ARE NORMAL TO CORE AXIS
820w~ |3

swW
MW
HW
R4
R3
R2
R
RO
3
10
100

T

67

20.25m: 50mm progressive passage to fine
SANDSTONE, cemented

20.5

31

20.7m: Progressive passage 10mm to
medium SANDSTONE, uncemented
20.75m: uncemented conglomerate

| 20.85m: medium SANDSTONE,
uncemented
21m; medium SANDSTONE, extremely
weak, cemented

21.0

69

21.35m: Joint 50°, planar, rough, tight, clean.

215

21.6m: inclusions of green, medium
SANDSTONE, 50mm thick on side of

21.75m: Bedding 10°.
CONGLOMERATE, extremely weak,
cemented

(1 10mm SILTSTONE, extremely weak, [
\partlycemented _ _ _ !
Sharp contact with medium

SANDSTONE, extremely weak,

cemented, softened upper SOmm

22.01m: Bedding 20°.

31

UW CORNWALLIS FORMATION
—

22.45m: becoming coarse

53

230

23.3m: fine to medium SANDSTONE,
partly cemented

23.5m: Highly fractured, possibly drilling
induced. o

END OF BOREHOLE AT 24m,

Standpipe piezometer installed. See
BH4-PZ for details.

Pyl

24.5—

AR NN

g

Log Scale 1:25 ROCKLG 27064.001.GPJ |




Watercare Huia WTP

| PROJECT NO: _2iocecc SKET s

"B(DRIE NO: & L, o

BOX NO: 1 __OF
f[ FROM_ <« METRES T0 335 METRES

X L 5 % " X
n—— et R R

S I v R R T A R R T

|$‘

e At

BH 4_Box 01_00.00-03.75m.jpg

PROJECT NO: . SITE:
BORE NO: __ £t

BOXNO: 2 OF -
FROM__37% METRES ’l() ?~'L‘.> Ml“'l‘lll

S A R A

B L e TR T I L TR

BH 4_Box 02_03.75-07.25m.jpg

Tonkin & Taylor 27064.001
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Watercare Huia WTP

PROJECTNO: _ SITE: Hwa -
BORE NO: _ 614 SR

BOX NO: div | § RSBl L
l"llODL_—‘L"-..Ems ___ METRES ’l‘g) 10 310 METRES

- e g g e g
e iy [

vmm& W B

s P A ST R TR TSR LTI AR T AN 0 T

&

e AP VT = TR PP A AP 8T SRR BT A 7008

TR

BH 4_Box 03_07.25-10.70m.jpg

| R mewr =

' BORE NO:

| BOX NO: C! oxr
FROM_(0-3¢%m METRES TO 3-25 METRES

3h4

BH 4_Box 04_10.70-13.25m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

| PROJECE NOU: o .

| BORENO: Bk - oo T

1BOXN® s - -OF .
% ,'lruon; 1325, mzfr_iu:s 'l‘ii;,,,,_';sw_c.é‘_
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3 e ..

BH 4_Box 05_13.25-15.60m.jpg
| BORE NO: '

IBOXNO: . € or

|
FROM_*¢cc  METRES TO v 2¢.  METRES

|
B

A YT T T T TR T T £ U L O R L T T K P S A

E vﬂtmﬂu,‘w.«:nzm(n:uuH!“l? PP TI
-4

ks

o o Lo S

BH 4_Box 06_15.60-18.20m.jpg
Tonkin & Taylor 27064.001




Watercare Huia WTP

| BORE NO. &

l'R(lM_Q,- ~ B B MII'I Rl‘& TO: ’3-__5; et _&MI"I‘“I* .

-
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BH 4_Box 07_18.20-21.00m.jpg

'| BORE NO: _ 2H¢

.'.‘ L .‘
mngnm. ;v,,,._‘_ ) | .
FROM_ 2] ¢ MEBRES TO __L4.Ct METRES

..

AU IRAR I AR SR

BH 4_Box 08_21.00-24.00m_EoB.jpg

Tonkin & Taylor 27064.001



7 TONKIN & TAYLOR LTD

BOREHOLE No: BH4a

Hole Location: Bush at Service

DRILL HOLE LOG Road Crossing

SHEET 1 OF 1
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472388.01 mN DRILL TYPE: Hand Auger HOLE STARTED: 23/4/10
2656452.49 mE DATUM: Geodetic 49 HOLE FINISHED: 23/4/10
DIRECTION: 0.00° R.L. GROUND: 109.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 9 B
Z | HARDNESS, STRENGTH, COLOUR, 2l = |8sla|2|3 4 818 |  SwMICANTJONTS, BEDONG, CRUSHED £l g |
; LITHOLOGICAL FEATURES (bedding, cement, x 5’%3 g% §§ g g ¥ ol 2 |ed3 AND SHEARED ZONES/SEAMS w € g 28 ¢
i Q 5 & w E
§ foliation, mineralogy, texture, etc...); e P e ‘é § E ‘g g ‘g’ E :‘;: g E gg DEFECT TYPE, SHAPE, ROUGHNESS, m § é ! (—g % P
3 E L 1 b1 o &6 |28 APERTURE, INFILLING, SPACING s g -|o
e o
= E ANGLES ARE NORMAL TO CORE AXIS
131 P ~2382 820 QgL

q

Silty SAND, dark brown on top becoming
orange brown, hard to auger. Fragments
of metals, bolts and asbestos

0 I O o O O 1

0.5 08.5—4

FILL
HAND AUGER

I 1

L —£,0.9m: CONCRETE
END OF BOREHOLE AT 0.9m.

=
*
°

|

Unable to Penetrate. Hole backfilled.

T T T 10 U I I

07.5—

\
{0 (N A 4 0 O O U 1 T T L T O O YO A 1 G 101 T I
1

Jopgcgatege) .|

[l
°

07.0—4

2.

&

Lo
°

I R T O 6 0 O 0 o O 0 1 1715 1

g
2

&
N W O O Y O T oy O T T T G (% AN N 8

T U0 R D O I 0 0 M 1 0 1 ) G |

05.5—

40 05.0

Y T U 10 T L O T e A O TN

4.

(S
o
<
s
|

| I 11 L6 [ S

q

Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/
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Watercare Huia WTP

anE NO: BH LA (aspuporen) i : -
m;gx No: | OF :

METRES TO __ 070 METRES

UL, WAPAS AR AR A ot 34 AN
X SRR RPN TN

BH 4A_Box 01_00.00-00.90m_EoB.jpg

Tonkin & Taylor 27064.001



] [ TONKIN & TAYLOR LTD BOREHOLE No: BH5

Hole Location: Water Tank off

DR'LL HOLE LOG Woodlands Park Road

SHEET 1 OF 4
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472514.35 mN DRILL TYPE: 303CR HOLE STARTED: 28/4/10
2656481.19 mE DATUM: Geodetic 49 HOLE FINISHED: 30/4/10
DIRECTION: 0.00° R.L. GROUND: 121.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 © R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
| Rock oR soiL TvPe. WEATHERING, ) 0n s
£ | HARDNESS, STRENGTH, COLOUR, © ale 1213 ¢ | o|8%e IGNIFICANT JOINTS, BEDDING, CRUSHED N g
; LITHOLOGICAL FEATURES (bedding, cement, ¥ E % E E“é g& § g £ g g ég‘g’ AND SHEARED ZONES/SEAMS 5 £ 'gr_, E £ § £
g follation, mineralogy, texure, etc...); e T PR K = u E u 2 E = @ EE: DEFECT TYPE, SHAPE, ROUGHNESS, ~18= z ale &
g E|132183|8|6 4 2| &5 |95 El8|=|28]6
o g5 EFle™ g 6|8 ga APERTURE, INFILLING, SPACING 2 ] k&
u [¢]
¢ E ANGLES ARE NORMAL TO CORE AXIS
2322 |zonee w2382 820 LT
Clayey SILT, dark brown to orange brown Ix = B
grey mottled. Some cobbles at top, moist, % ]
plastic ..*7 .
o= m
ix .
— X -
B ]
oAs::_’_‘ 205
= i
. g o ]
E 2 :w_x .
g x ]
g I x .
Ix— -]
T x —
Im: brick fragments M x < w00
= ]
- =X -
—.* -
- =X .
X ]
X
Silty CLAY, light grey, orange brown | .
mottled, soft, moist, plastic. Some organic E '~5:,<_x_ 19.5—
fragments and <5mm size lenses of loose, My & -
grey, medium SAND :f: — 7]
= ]
R il ]
El 0¥ ]
2m: size of sandy inclusions increases but 2 ill 1997
<10mm 1= % B
J2° .
ey ]
1= .
el P .
Dls X 18.5-]
PUSH TUBE: Core not logged - ]
£ (i ]
> ] % ]
2 = 5o
2 El T ]
O| 3.1m: becoming grey clayey SILT, some % = ]
© orange mottles, soft, moist, plastic X 7]
3.25m: Fe stained band along relict e
bedding .
Silty SAND, grey with medium black and e
white crystals, loose, moist 175
3.5m: very loose, wet -
170-]
4.15m: 200mm Fe stain ]
16.5—]
MW, dark grey, medium to coarse | ]
(93 SANDSTONE, extremely weak, clasts ]
E from sub-rounded to sub-angular g -]
Log Scale 1:25 ROCKLG 27064.001.GPJ ém10




] [

TONKIN & TAYLOR LTD

DRILL HOLE LOG

BOREHOLE No: BH5

Hole Location: Water Tank off
Woodlands Park Road

SHEET 2 OF 4

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472514.35 mN DRILL. TYPE: 303CR HOLE STARTED: 28/4/10
2656481.19 mE DATUM: Geodetic 49 HOLE FINISHED: 30/4/10
DIRECTION: 0.00° R.L. GROUND: 121.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
i | FOCKOR SOL TYPE, WEATHERING. 2 QF ~| ' SIGNIFICANT JOINTS, BEDDING, CRUSHED
£ | HARDNESS, STRENGTH, COLOUR, ol z|8%|le.]2]|B ¢io|ske g g =l & o
; LITHOLOGICAL FEATURES (bedding, cement, ¥ % X0 g £|6€ § E =i g EES’ AND SHEARED ZONES/SEAMS b€ i E 18
. I ° | a w
g foliation, mineralogy, texture, etc...): 2 E e E § 5 'g g %J g E g E Eg DEFECT TYPE, SHAPE, ROUGHNESS, i g é 4 é z
g E o |pFlo~|cjd o g & E g APERTURE, INFILLING, SPACING b g71°
g 8
N E ANGLES ARE NORMAL TO CORE AXIS
B322|sonee ~2883 8% [ge
S5m: 300mm dark grey, fine SANDSTONE s
g o
b=
Q
1 <
<
~
N
A4
6.35m: 50mm softened, wet ) . "
6.4m: 150mm SILSTONE, extremely 6.4m: Bedding 10-20°. 2
weak, possible contact dipping 10-20°
6.9m: 60mm softened, wet at contact with
= | 100mm coarse SANDSTONE
o
=
g 2
o
4
2]
3
=
% |
3
E 7.85m: 100mm SILTSTONE
hd
8.35m: some sub-angular gravel inclusions |
8.6m: some <10mm coarse loose SAND
inclusions 8
2 N
F ll
9.7m: polished surface striated 30° dipping. ]
9.85m: two poli ° dipping,. ™
g 9.9m: 10mm wet, uncemented m: two polished surface 10° dipping 8 zl
7064.601,GP] |

Log Scale 1:25

ROCKLG 2



] [

TONKIN & TAYLOR LTD

DRILL HOLE LOG

BOREHOLE No: BH5

Hole Location: Water Tank off
Woodlands Park Road

SHEET 3 OF 4

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472514.35 mN
2656481.19 mE

DRILLTYPE: 303CR
DATUM: Geodetic 49

HOLE STARTED: 28/4/10
HOLE FINISHED: 30/4/10

DIRECTION: 0.00° R.L. GROUND: 121.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, g 0
- z ,\ .
z HARDNESS, STRENGTH, COLOUR, g z {’3, glae 8 g' - § o |8 55 iﬁ::;:i;;(;g:i;:g:ﬁl;\l:.CRUSHED E A ﬁ e
2 | uTHOLOGICAL FEATURES (bedding, cement, xE|ze 58|82 Sl ot o |uEs i g Ej £ glg g
3 follation, mineralogy, texture, etc...); e = e E § & w E u "’_’ E g ﬁ E é, DEFECT TYPE, SHAPE, ROUGHNESS, E § s 3 g g 2
3 o E d J d =9
% g . Flo= 8. @ Qg |8 é 8 APERTURE, INFILLING, SPACING g B
W ] @
° E ANGLES ARE NORMAL TO CORE AXIS
5332 |znuse L2882 82, 8ge
19.95m: 10mm wet, uncemented  _ _ _ [ e
Grey SILTSTONE, extremely weak 4% x 3
-% ]
10.25m: 3 layers 10-15mm thick fine [ 10.25m: Bedding 10°. ) -]
SANDSTONE, poorly cemented / 10.35m: Polished surface 80°, curved. i
=3 <
10.5 é,s_
SILTSTONE, extremely weak, with poorly ] %] 10.6m: Bedding 10°. | .
graded sandy layers 10-20mm thick X 7]
spacing 50-100mm 1% z i
Ixx i
X% -
Eln o] :;‘ 8 100
Tx X ]
%X ]
Tx.x -
X ]
-4 x "x -
X X — -
Txx -
e ] i
15— 5;‘ 09.5—
T % 7]
Ix-x ]
T % ]
E - )’ii \%2( 11.7m: 100mm highly fractured. Likely drilling 8 -
—Da,k—gl%‘y’_coa.s‘gsj\m)gﬁjﬁ,—wﬁ - 7] induced on sub-vertical joints. .
gravel 7] 7]
. 12.0—] 09.0—}
) - 3
>} -~ -
g 12.2m: Grey, medium SANDSTONE, with . 12.2m: Bedding 10-20°. ]
S| some inclusion of dark coarse sandstone n
9 - i
[72] -] -
5 E 125 5 -
E 123 Ny d 12.5m: Polished surface 60° planar. Softened 0837
T o above for 10mm. n
- Al ]
% - }‘\1{ 12.7m: Crushed 70mm across 2 sub-vertical ]
S joints. || o 3
— 8 —4
E 13.0— 08.0—}
] © ]
13.5m: Highly fractured, coarse 1857 5 13.5m: Joint 90°, planar, rough, tight, clay 57
SANDSTONE, very weak ] veneer. - =
13.7m: Grey, medium SANDSTONE and . .
inclusions of dark grey, medium 7]
sandstone, extremely weak = -]
E {140 e -
14m: Joint 60°, planar, slickensided, tight, clay 70
SILTSTONE; with poorly cemented B ER veneer. ]
10-20mm thick SANDSTONE Tx x .
Ix x | .
x X -
Elus—% % o 06.5—]
Ix % .
Tx x ]
_x X% —
x X i
Bl dxx 3 ]
Tx x o,
15 1x X o
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10




I

TONKIN & TAYLOR LTD
DRILL HOLE LOG

BOREHOLE No: BH5
Hole Location: Water Tank off

Woodlands Park Road

SHEET 4 OF 4

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472514.35 mN DRILL TYPE: 303CR HOLE STARTED: 28/4/10
265648119 mE DATUM: Geodetic 49 HOLE FINISHED: 30/4/10
DIRECTION: 0.00° R.L. GROUND: 121.00 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
| ROCK OR SOIL TYPE, WEATHERING, 2 OF SIGNIFICANT JOINTS, BEDDING, CRUSHED
£ | HARDNESS, STRENGTH, COLOUR, ) 8sla_ 2| 81w |o5E g ' El A 9
; LITHOLOGICAL FEATURES (bedding, cement, % é § (En gg § g é g g 5 g QE § AND SHEARED ZONES/SEAMS g g “}j g g9
. . = ] Q
% foliation, mineralogy, texture, etc...); e & IE §§ %‘E g g E E o E g DEFECT TYPE, SHAPE, ROUGHNESS, " § g ;% g
g E o |-Flo~|olp 9 & | 8 E g APERTURE, INFILLING, SPACING S -
u 8
° E ANGLES ARE NORMAL TO CORE AXIS
5232 |a00ss 2883 820
SILTSTONE, as previous 3
v | 15.1m: 150mm medium to coarse N
| SANDSTONE, weak
é Tx %
Tx x
Ix x
2 el 3 .
15.5— @
S 4% x
Ix x
E Ox x
x x
Ix x
X X |
SW, dark grey, medium SANDSTONE, R
extremely weak 160 15.95m: Bedding 10°, Fe stained, 10mm
softened above.
E g
16.5
8
g E 170 3
(o]
=
e ||
i} CONGLOMERATE, poorly cemented, |
% with sub-rounded clasts 175
8 .
= El 3 o
’ £
1840:};&
"SW, dark grey, medium SANDSTONE, - 1
extremely weak
END OF BOREHOLE AT 18.85m. _
Standpipe piezometers installed. See 1907
BHS5-PZ for details. ]
19.5:
Log Scale 1:25 ROCKLG 27064.001.GPJ




Watercare Huia WTP

| PROJECT NO: SITE: oo |
BORE NO: ___ ° |
'BOXNO: ___ci__ OF -
; FROM -<2  METRES TO _2c __ METRES |

|

AR

N R R P PSP e .t

B s

BH 5_Box 01_00.00-03.00m.jpg

BORENO: 0%

BOX NO: z __OF , ;‘

l FROM > v METRES TO 5:5%5» METRES ’.

BH 5_Box 02_03.00-05.55m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

| BORE NO:
BOX NO: - or
| FROM 535, METRES TO ¢ 35 METRES

BH 5_Box 03_05.55-08.35m.jpg

— m—scsmrmass m imWFe SRR RS
{ BORE NO:
| BOX NO: OF i

| FROM __: METRES TO v 5. .  METRES

BH 5_Box 04_08.35-10.55m.jpg

Tonkin & Taylor 27064.001




Watercare Huia WTP

 BORE NO: -
| BOX NO: __ ___OF

" 4
| FROM METRES T0

éH 5_Box 05_10.55-12.95m.jpg
| BORE NO:
| BOX NO:

f FROM ' METRES TO

Oor

&

BH 5_Box 06_12.95-15.85m.jpg

METRES
A 4 A\

METRES

Tonkin & Taylor 27064.001




Watercare Huia WTP

i " " (32 i
|BoRENO: o T e
'BOX NO: = OF et
{
; FROM 15-85 - METRES TO _12-85..  METRES ll

BH 5_Box 07_15.85-18.85m_Eo0B.jpg

Tonkin & Taylor 27064.001



i) [ TONKIN & TAYLOR LTD

BOREHOLE No: BH6
Hole Location: Spillway

DRILL HOLE LOG

SHEET 1 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472345.08 mN DRILL TYPE: 303CR HOLE STARTED: 3/5/10
2656517.81 mE DATUM: Geodetic 49 HOLE FINISHED: 4/5/10
DIRECTION: 0.00° R.L. GROUND: 106.75 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
.. | Rockor SOIL TYPE, WEATHERING, o 0 AT S
£ | HARDNESS, STRENGTH, COLOUR, o 8 lo 3|3 gl o|88¢ SIGNIFICANT JOINTS, BEDDING, CRUSHED N ~
2 | LITHOLOGICAL FEATURES (bedding, cement, % E % E 3 & § : :E:’ g AL §| a0 sHeareD zonesrsEAMS g Ela g |3 5
% foliation, mineratogy, texure, eic...); : 8 £ 8 HEJ §'¢5 Hg g ‘%1 ; g g @ g% DEFECT TYPE, SHAPE, ROUGHNESS, E § g 3 g g 2
g Q e e |8~ g_ poo & | B E g APERTURE, INFILLING, SPACING S -
u o
¢ E ANGLES ARE NORMAL TO CORE AXIS
E3E ] PETS 2385 82, QaR
Silty CLAY, dark brown, orange mottles, i E il -
stiff, moist, low plasticity. Upper 150mm Tx — 7
are soft to firm Bl 4 -1
x— 06.5—
— X -
x| -
——x -
7= .
0.5m: becoming orange brown with some 03 T | i
organics £ :;:"xm 7
e | 06.0—]
1 X -
1| PUSH TUBE: Sample only 50% recovered . ]
= | core not logged 1 -l
= o—| —
gl 3 ]
. 055
1.35m: becoming light grey orange £ I il ]
mottles, very soft, wet [ Ry~ 7
Tl x| m
jj —5— -
_.__XZ -
—4x — -
=% 05.0—]
‘ el T .
5 | Clayey SILT, dark brown, very soft, wet, = ;.
[o\plastic, numerous organic compressed /] 20— .
Clayey SILT, brown, soft, moist, plastic, - i -
some organics i ]
P P 04.5—]
PUSH TUBE: Sample only, 50% E R
recovered. Sample dropped out of tube, ] 7
core not logged - a
£ ||ds— —
: - - 010
Clayey SILT, brown, soft, moist, plastic, % = i
some organics E A n
— X -
(X -
PUSH TUBE: Sample only, 50% | ~
recovered, core not logged 7] 7]
K -] 03.5]
= 7] .
2 ] ]
§ 3.5m: becoming light grey with organics T X — .
2 . % .
O (= N ]
O 4 X -
Silty SAND, brown grey, with some s 0—:0:
rootlets, loose, moist R ]
02.5]
4.35m: 30mm SILT 4.35m: shear surfaces at 15° along silty layer, ]
30mm thick. 7l
PUSH TUBE: Sample only 50% - —
recovered, core not logged. 7] i
| -] 020
- .
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10



] [ TONKIN & TAYLOR LTD

BOREHOLE No: BH6
Hole Location: Spillway

DRILL HOLE LOG

SHEET 2 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472345.08 mN DRILL TYPE: 303CR HOLE STARTED: 3/5/10
2656517.81 mE DATUM: Geodetic 49 HOLE FINISHED: 4/5/10
DIRECTION: 0.00° R.L. GROUND: 106.75 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 2 ~
& | HaRDNESS, STRENGTH, COLOUR, o . 8sla |33 Jd8¢ § g £ SIGNIFICANT JOINTS, BEDDING, CRUSHED E _ Ilf-’ |
2 | LmHOLOGICAL FEATURES (sedeing, cement, sl 58 |SE[8E|S|E o o | £ |pE,| AwSreneozonssEs g1EEl2E2
g foliation, mineralogy, texture, etc..); e £ e E §§ g E % g E g Q E% DEFECT TYPE, SHAPE, ROUGHNESS, E § é 3 @ g
g é o |ER[o>|o(d o 518 2s APERTURE, INFILLING, SPACING b g-|°
W 9 °
° E ANGLES ARE NORMAL TO CORE AXIS
3333 z00: 2882 820 qge
Sm: some relict of SILTSTONE, dark - §
grey, brown hue, extremely weak =) Tx x
. X
. X 01.¢
] X
1 _| X
Fﬂs: o % 5.42m: shear surface 25° .
- : _|
Ix x
_______________ X 01.
5 Coarse SAND, orange brown, loose —
>
] 6.0
|
]
Q -]
Q .
t 00.5—
bTs I l
PUSH TUBE: Only 50% recovered. Core - -
not logged ] |
£l 3
HW, orange brown CONGLOMERATE, TP
sub-rounded to sub-angular clasts, ]
extremely weak X
Bl I
7 5m: becoming dense, brown silty SAND g
£ _
Z ﬁo__ w2
g 8m: 100mm silty CLAY I 8m: Shear surface 30° within 100mm silty
g ~ CLAY layer.
O | SAND, with intercalated weak mudstone,
v | orange brown
2
I
< | HW, brown, medium SANDSTONE, / 8.5m: Bedding 30°, polished.
% extremely weak
& / 8.65m: Relict joint 40°. =
o 3
8.8m: Relict joint 40°. <
& | v
Log Scale 1:25 - ROCKLG 27064.001.GPJ




= - TONKIN & TAYLOR LTD

BOREHOLE No: BH6
Hole Location: Spillway

DRILL HOLE LOG

SHEET 3 OF §
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472345.08 mN DRILL TYPE: 303CR HOLE STARTED: 3/5/10
2656517.81 mE DATUM: Geodetic 49 HOLE FINISHED: 4/5/10
DIRECTION: 0.00° R.L. GROUND: 106.75 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° RL.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
E ROCKOR SO TTPE, WEATHERING: 2 OF SIGNIFICANT JOINTS, BEDDING, CRUSHED
5 | HARDNESS, STRENGTH, COLOUR, (<] 8ale 3|8 g | e |3k \ \ _ ,\
; LITHOLOGICAL FEATURES (bedding, cement, % é X E g% § & § g ? ° g QES’ AND SHEARED ZONES/ISEAMS 5 g E g £ § 3
O | foliation, mineralogy, texture, etc...); 2 = lél S|y E W '(f E z ﬁ E % DEFECT TYPE. SHAPE, ROUGHNESS, E’ § § 3 <§ lgl o
-l 4 v ", . 2
§ g o |gH 8= §_ g 9 § a é g APERTURE, INFILLING, SPACING 3 g-l°
w o
¢ E ANGLES ARE NORMAL TO CORE AXIS
5382 | zonee .88 2 82 wae
SANDSTONE, as previous 9.95m: Sub-vertical joint Smm opened, Fe E -
stained. ]
96.5—]
10.35m: becoming very coarse, dense, wet 3
Z .
Q i
= -
% 96.0;
! |
(£ —
= ]
g m: 100mm Fe stain ]
8 11.2m: 2 relict joints 50°, spaced 150mm. 9551
. . . 95,0
11.75m: becoming medium grained e
Light grey, medium SANDSTONE, weak, 3
highly fractured at top .
94.5—]
. — — — — — - 930}
Light grey pink hue, medium E
SANDSTONE, weak, highly fractured, 7]
likely drilling induced e
8 .
9 @ ]
H Ll —
g 93]
2 .
%} 13.4m: 2x Joints 60° cross-cutting, planar, -
‘E SW CONGLOMERATE, weak smooth, clean. ] ]
% 13.6m: Joint 80°, irregular, rough, tight, clean. -
~ -
.0~
& &
14.2m: Joint 40°, irregular, rough, tight, clean. — 925
"MW/ grey, medium SANDSTONE, very ]
weak ° 7]
. . . 92.0:
14.75m: Joint 80-90°, irregular, rough, tight, ° ~
g clean, core highly fractured all around. 2 7
| ]
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10



] [ TONKIN & TAYLOR LTD

BOREHOLE No: BH6
Hole Location: Spillway

DRILL HOLE LOG

SHEET 4 OF §
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472345.08 mN DRILL TYPE: 303CR HOLE STARTED: 3/5/10
2656517.81 mE DATUM: Geodetic 49 HOLE FINISHED: 4/5/10
DIRECTION: 0.00° R.L. GROUND: 106.75 m DRILLED BY: Drill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 2 _
£ | HarONESS, STRENGTH, COLOUR, ) . 8sla 133 . glg §§§ SIGNIFICANT JOINTS, BEDDING, CRUSHED E _ g |,
; LITHOLOGICAL FEATURES (bedding, cement, %2l x50 g% g&|¢ g Jo|2le ES]  ANDSHEARED ZONESISEAVS e lx‘-' ré— 2|8
t_; foliation, mineralogy, texture, etc...); e £ o E ‘9“ u.o_?. %’ E g ; E N ‘E’ E% DEFECT TYPE, SHAPE, ROUGHNESS, E § é 3 g ':g
g g o |EF[o~]o|u & g 8 é g APERTURE, INFILLING, SPACING 3 g71°
P 8
e E ANGLES ARE NORMAL TO CORE AXIS
5282 |somee |.o2a82 age
SANDSTONE, as previous :
15.1m: 4x Joints 20°, planar, smooth, tight,
clean, spacing 100-150mm.
E o
15.5m: becoming coarse
15.9m: Joint 80°, irregular, rough, highly
fractured all round.
E ]
16.5m: 2x Joints 40°, planar, rough, tight, clean, ]
cross-cutting?
E e
% 17m: becoming medium grained 17m: Joint 50°, planar, rough, tight, clean,
E highly fractured drilling induced.
g CORE LOSS, in poorly cemented 17.25m: Joint 80°, planar, rough, tight, clean. |
2 Sandstone 17.3m: Joint 40°, planar, rough, tight, clay
2} veneer.
=
=
é o
3
CORE LOSS, in poorly cemented 18-18.75m: Drilling induced fractures. T
Sandstone

27

18.6m: loose, wet, uncemented

18.75m: weak for 10mm then uncemented

18.75-19.5m: Drilling induced fractures.
and fine grained

25
=
____mm___|

ox 6

19.55m: Bedding ~20°.
almost a conglomerate

g

Log Scale 1:25 ROCKLG 27064.001.GPJ 16
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=] TONKIN & TAYLOR LTD

BOREHOLE No: BH6
Hole Location: Spillway

DRILL HOLE LOG

SHEET 5 OF 5
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472345.08 mN DRILL TYPE: 303CR HOLE STARTED: 3/5/10
2656517.81 mE DATUM: Geodetic 49 HOLE FINISHED: 4/5/10
DIRECTION: 0.00° R.L. GROUND: 106.75 m DRILLED BY: Dirill Force
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 9 ~
£ | HARDNESS, STRENGTH, COLOUR, o| - 8sla |2l3 d 81 g Bp|  SGNIFICANT JOINTS, BEDDING, CRUSHED z| 5|
; LITHOLOGICAL FEATURES (bedding, cement, 8| %t 2 g § £le g o |7 &JES AND SHEARED ZONES/SEAMS % g ﬁ_‘, 5 glg g
g foliation, mineralogy, texture, etc...); e E ] E g 5 %-' g g g é % § E;- DEFECT TYPE, SHAPE, ROUGHNESS, E § g 3 % g 2
g g o |gF|o~lold o 5 | & 2 g APERTURE, INFILLING, SPACING S g-l°
4 8
° E ANGLES ARE NORMAL TO CORE AXIS
2322 |z2ue 258 = 820 Qge
E ° N
| — 36.5:
20.4m: 100mm layer of SANDSTONE, ]
extremely weak 205 7]
E ° 7
. 86.0—
9] ]
i—1 -
g |— 210 — —
8 -
v | 21.15m: becoming fine grained 21.15m: Bedding ~20°. -
. 855
< E ° .
2 =
o 21.5— :‘
Q .
E 21.7m: becomes coarse | 21.7m: Bedding ~20°. | 85.0—]
22.0— :
E ° ]
[Contact sharp, SILTSTONE, extremely I 22.2m: Bedding ~20°. 84.5—]
weak qx x ]
Jx o x o~
»
e x &
END OF BOREHOLE AT 22.5m. i

Lt

Standpipe piezometers installed. See
BH6-PZ for details.

84.0—]

by it

23.0

[N

83.5—

23.5—

=

o]

)
]

24.0—

82.5—

24.5—

| I I I
<
°
]

g

Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10




Watercare Huia WTP

| PROJEUT NU: _ oamm.
BORE NO: _

;lmx NO: ¢ , or

| FROM__ v METRES TO

BH 6_Box 01_00.00-03.90m.jpg

| BORE NO: BH6
'BOXNO: 2 OF

; FROM 3%~  METRES TO 1Yo~

|
|
|

BH 6_Box 02_03.90-07.40m.jpg

_ METRES

METRES

Tonkin & Taylor 27064.001



Watercare Huia WTP

[ R MENFTrmass = == -

BORENO: B¢

BOXNO: 3 OF _

| FROM_F49m METRES TO _10:10~
{

METRES

BH 6_Box 03_07.40-10.10m.jpg

B ARAPEPEins m awr
' BORE NO: ___ BYé

1 N
| BOX NO: % OF
il FROM 1010« METRES TO _13:80n

BH 6_Box 04_10.10-13.80m.jpg

METRES

|

Tonkin & Taylor 27064.001




Watercare Huia WTP

I
|
|

JB()RIE NO: _ BHe

'BOXNO: 5 or
il“ll()M : ,,J,}‘Q,O METRES TO 14

METRES

|
|

BH 6_Box 05_13.80-16.50m.jpg

| BORE NO: o Y
' BOX NO: S 5 __OF

FROM (& 59

BH 6_Box 06_16.50-19.50m.jpg

METRES TO 19:-50

METRES

Tonkin & Taylor 27064.001




Watercare Huia WTP

. B ARUFIF RN IR/ B iwwrw
BORENO: __BHo =

i
fRgsNgY - OF |
l FROM (1.5¢  METRES TO 22.% Mli'l‘l{IiSj

BH 6_Box 07_19.50-22.50m_EoB.jpg

Tonkin & Taylor 27064.001



] [

TONKIN & TAYLOR LTD

BOREHOLE No: BH7

Hole Location: Bush Next to

DRILL HOLE LOG Creek

SHEET 1 OF 3
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472523.43 mN DRILL TYPE: Sonic Rig HOLE STARTED: 5/5/10
2656412.11 mE DATUM: Geodetic 49 HOLE FINISHED: 5/5/10
DIRECTION: 0.00° R.L. GROUND: 120.50 m DRILLED BY: DCN Drilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCKOR SOIL TYPE, WEATHERING. 2 OF SIGNIFICANT JOINTS, BEDDING, CRUSHED
= ] 5l B )
S | HARDNESS, STRENGTH, COLOUR, [4] r|8=le_ 2|0 g1 g|9os ' = =
; LITHOLOGICAL FEATURES (bedding, cement, 5% 5@ E"g §§ é g £ ° g QES‘ AND SHEARED ZONES/SEAMS E E3 E gé §
Q s 0 %la
© | fotition, mineralogy. textur, efc..); gc| g E § & HSJ E %j g g % E E.‘g"é DEFEGT TYPE, SHAPE, ROUGHNESS, TR F g g
3 § o |eFle~]ofd o 5 | 8 |388]  arerrure INFILLING, SPACING 3 o
2 o o [y
[*]
¢ E ANGLES ARE NORMAL TO CORE AXIS
2 228 8= B2n. QgL
Silty CLAY, slightly sandy, soft to firm, _L‘:x_
moist, low plasticity, some organic g
fragments. Some white laminations " T
possibly sub-horizontal 8 :__"t .
iy
Sty CLAY, Tight grey orange mottled, | °"ié_:;_‘_
stiff, moist, plastic, numerous Fe stains e —
P
- -]
=} g aguell
x|
- —x
_L_
107 Im: Strong sub-horizontal to 10° dipping
:;—z white/orange brown lamination.
Sandy SILT, soft, moist, non-plastic | Ix x
— X '. .
- ————— ——— ——— ] @ st X
3 1.5m: Silty CLAY, as above © B
Q| 1.6m: Fe stain increasing for 200mm Tk —
Q %
1.7m: becoming more sandy L S
] X
“be =
X
- le-—’-t
I Sandy SILT, Tight grey orange mottled, | % x
very soft, wet, plastic, some Fe stain I
S
Ix -
o
3d..%.
gx .
3|25, %
%
-
g%
2.75m: becoming grey, some Fe stained 5. *
X
CLAY, silty in places, very stiff to hard, > _z—_x_ 3m: Bedding 10-15°.
moist, plastic The —
Some silty-sandy layers 10-15mm thick, 4]
moderately dense, few carbonaceous T
fragments ot (i
R
= B 351 =
) s
£ | 3.6m: 50mm sandy layer, loose, wet L ol
% mE -
O | 3.8m: ripped clasts of black carbonaceous - x——"_
= g
o | clayey SILT 11—
3 . 40-%— 168
3 | 4m: becoming dark grey, carbonaceous = X ]
Z | content increases, soft, moist =] ]
2 4.1m: 100mm black carbonaceous clay —f
o band =
O 4.2m: some ripped sandy clasts ] .
§ iy N
3 4.5—:(_"_
4.6m: 100mm very soft, wet :sg__*—
- ¥~
g ]
I iy 1
Log Scale 1:25 ROCKLG 27064.001.GPJ 1630




] [

TONKIN & TAYLOR LTD

DRILL HOLE LOG Creek

BOREHOLE No: BH7
Hole Location: Bush Next to

SHEET 2 OF 3

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472523.43 mN
2656412.11 mE

" DATUM: Geodetic 49

DRILL TYPE: Sonic Rig HOLE STARTED: 5/5/10

HOLE FINISHED: 5/5/10

DIRECTION: 0.00° R.L. GROUND: 120.50 m DRILLED BY: DCN Dirilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, ) _
£ | HARDNESS, STRENGTH, COLOUR, ) z 8. 9|2 a delg g g g SIGNIFICANT JOINTS, BEDDING, CRUSHED E N ﬁ .
; LITHOLOGICAL FEATURES (bedding, cement, 5&l % % g g g & o g z ; 2 &EV AND SHEARED ZONES/SEAMS i £ F‘_] < £|Q g
S | foiaion, mineralogy. texturo, oc..); SEl e BleG|& & & o & g E Eg DEFECT TYPE, SHAPE, ROUGHNESS, g 8|23 % g 3
g g L Y Fls~|< woel s | a E g APERTURE, INFILLING, SPACING S -3l
a 8
© | E ANGLES ARE NORMAL TO CORE AXIS
5%?% g .2s8% 820 Qg
4.95m: carbonaceous inclusions x| =]
- —x .
< — ]
~ x| .
Sandy SILT, very stff, moist, low 7 5.25m: Bedding 10-15°. ]
plasticity. Tx ]
Interbed 2+3mm thick purple clay, firm, . X a
plastic, dipping 10-15°, some green-blue 3 S 15.0—]
gravel clasts % u
0% 4
X .
I ox! .
4% -
=X .
X 7
q- = -
60— i 14.5—
"Clayey SILT, slightly sandy, dark purple Ix ]
grey mottled, firm, moist, high plasticity, ] ]
hsome sub-rounded fine gravel inclusions . .
Clasts of dark grey, brown hue fine to 7 .
medium SANDSTONE, extremely weak @ — —
within area of SAND S| 657 0]
. 3]
e AT T T T T 1.0:11---; 13,5:
% Silty CLAY, grey orange mottled, with e ]
=) dark grey sandy inclusions, very stiff, T — ]
g moist, plastic 4% .
—e— -
- X -
o x| .
[¢9) - —x -
4] -X_] -
= 8| 15— 13.0—]
3 Bl :
"Medium SAND, dark grey, with some = ]
gravel clasts, medium dense, wet, some - T
O | clasts of sandstone - -
O — -
§ 80— 12.5]
"Sandy SILT, light grey brown mottled, " % .
firm, moist, non-plastic, with sandy I 7]
inclusions 8| sy, 120—
T 3
% -
] x . M
_______________ - x 2 ]
Silty SAND, light grey, very dense PN a
90— 1.5]
9.1m: some sandstone inclusions 15m: ¢ volish p ; ]
9.15m: becoming SAND, very loose, wet 9.15m: Fragments of polished surface o -1
unknown orientation. 7]
9.4m: becoming very dense 9.4m: 10-15° parting. ]
8| 95— 11.0—
g 10 o
Log Scale 1:25 ROCKLG 27064.001.GPJ 16/7/10
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TONKIN & TAYLOR LTD

DRILL HOLE LOG

BOREHOLE No: BH7 l

Hole Location: Bush Next to
Creek

SHEET 3 OF 3

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472523.43 mN
2656412.11 mE

DRILL TYPE: Sonic Rig

HOLE STARTED: 5/6/10

DATUM: Geodetic 49 HOLE FINISHED: 5/5/10
DIRECTION: 0.00° R.L. GROUND: 120.50 m DRILLED BY: DCN Drilling Ltd .
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
i | ROCKOR SOIL TYPE, WEATHERING. 2 gE SIGNIFICANT JOINTS, BEDDING, CRU:
5 | HARDNESS, STRENGTH, COLOUR, gl z18sle_|2|3 g | o Ee AN ) , CRUSHED z| e |,
; LITHOLOGICAL FEATURES (bedding, cement, 52| 52 gg g€ § “;’ ; ° g ggg’ AND SHEARED ZONES/SEAMS € B % £18
. | g ] 9la »
Q | fotiation, mineralogy, texure, etc..); eE| ¢ E § & % g '?s‘ g gl % E Eg DEFECT TYPE, SHAPE, ROUGHNESS, w|g (3 § %J
S E o |LFjo~lo|w 9 & | & |R8 APERTURE, INFILLING, SPACING s -
8 o o wa
]
¢ E ANGLES ARE NORMAL TO CORE AXIS
8223 | zogee .2882 820
Grey, medium to coarse SANDSTONE, i
extremely weak, clasts in sub-angular
10.5m: becoming coarse ]
2
11.1m: becoming medium grained
| "Grey, CONGLOMERATE, exfremely ]
weak )
_ ‘ o
Z - 12m: 3x Joints 70°, irregular, rough, tight,
8 . clean, spacing 200mm.
o _
= _
Q P
= [ Fine SANDSTONE, with some 10mm 1237 12.5-13m: Highly fractured arounde sub-vertical ]
< | thick SILTSTONE layers . joints.
% - 12.6m: Bedding 15°. _|
Q -
5 ] o
° 07.5—
] 13.4m: Bedding 15°. l‘
— 0
13.7m: Bedding 20°. .
13.7m: Joint 70°, planar, rough, tight,
discoloured. l
| Grey, coarse SANDSTONE, very weak 14m to EOB: Highly fractured along vertical # 7]
joints. [—
END OF BOREHOLE AT 15m. °
Standpipe piezometers installed. See
§ | BH7-PZ for details.
Log Scale 1:25 ROCKLG 27064.001.GPJ




BH 7_Box 01_00.00-02.30m.jpg

e PRUJECT NG SETE &R
M Brk €A ; ; fog SEVK: Dddiond At &
; BORE NO: hH R
BOX N 2
FROM 213 06

A e i

BH 7_Box 02_02.30-04.60m.jpg
Tonkin & Taylor 27064.001




FX /8] ¥viroen

~ T00'¥90£T J0lAeL B upjuoL

6dl*w08"80-0£'90 +0 Xog £ HA

<

Bd*w0Z'90-09'+0 €0 Xog £ He




Watercare Huia WTP

Bt &4 { B UP; RN EN ] # 60

T B SR e ST A
Yo hvedlnds Part nd
N s s
i 1IN 5
, ARV A
% ]

N
L% ] -~
ek FROM . i Sy

BH 7_Box 06_11.10-14.00m.jpg

Tonkin & Taylor 27064.001



Watercare Huia WTP

BORE NO: &4 7
BOXNO: . 7 or .7
| FROM /40 METRES T0 /S -O _ METRES

g e il B
L S ek b A T R Y § RO G ARG ST SRR
ks o Jon i B A o ) (%

IR R S

BH 7_Box 07_14.00-15.00m_EoB.jpg

Tonkin & Taylor 27064.001



| TONKIN & TAYLOR LTD

BOREHOLE No: BH8

Hole Location: North of Raw

DRILL HOLE LOG Water Aqueduct

SHEET 1 OF §
PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472495. mN DRILL TYPE: Sonic Rig HOLE STARTED: 6/5/10
2656365. mE DATUM: Geodetic 49 HOLE FINISHED: 7/5/10
DIRECTION: 0.00° R.L. GROUND: 124.00 m DRILLED BY: DCN Drilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: CJL/STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
i | ROCK OR SOLL TYPE, WEATHERING. - QF SIGNIFICANT JOINTS, BEDDING, CRUSHED :
5 | HARDNESS, STRENGTH, COLOUR, <} 8zla_l2|o ¢ | ook . g . ~
; LITHOLOGICAL FEATURES (bedding, cement, X % X § g g § g é g £ g g QE s AND SHEARED ZONES/SEAMS g £ @ E g § g
S | fottation, mineralogy, texture, etc...; SF|e ¥ 3% ‘?5’ Elw|e E %: o gé DEFECT TYPE, SHAPE, ROUGHNESS, g § e § g &
g E o |gRje~ g o g|H za APERTURE, INFILLING, SPACING & g-l°
w <]
¢ E ANGLES ARE NORMAL TO CORE AXIS
BE23|xo0se 22883 820 qge
Sandy CLAY, orange brown with lighter [ -
and darker mottling, moderate plasticity, n ]
rare carbonaceous inclusions, some rare - .
siltstone gravel inclusions (sub-angular, T ]
highly weathered, extremely weak) — ]
B os ] 35—
10— 130
1.05m: 200mm zone of gravel inclusions ] .
S T 25—}
3 4
T} 10}
PUSH TUBE: core not logged ] ]
&1l ]
Clayey, medium to coarse SAND, orange n
brown mottled, loose, rare carbonaceous % ]
inclusions and rare thin (0-3mm) ‘5;
:,‘ sub-horizontal clay seams 7
=) @ ]
O © ]
210-]
3.1m: Light brown clay seam, 3mm, approx. |
100. -
3.3m: 25mm light brown clay seam, soft with ]
relict carbonaceous materials and limonite ]
2 staining, 5-10° dipping. 205
o 7
S ]
g ]
g
[Clayey SAND, as previous, with many thin | 4.0-4.6m: Possible Sheared Zone. ] 207
(0-Smm) light brown clay seams in a T
variety of orientations, some dark brown -
silt seams (5-20mm) also present ]
separating sand units -
3 19.55
4.8m: 3mm brown clay seam approx. 10° E ]
g dipping, partly striated and joint polishing. ]
Log Scale 1:25 = ROCKLG 27064.001.GPJ 16/7/10




—|[ TONKIN & TAYLOR LTD

BOREHOLE No: BH8
Hole Location: North of Raw

DRILL HOLE LOG Water Aqueduct

SHEET 2 OF 5
PROJECT- HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472495. mN DRILL TYPE: Sonic Rig HOLE STARTED: 6/5/10

2656365. mE DATUM: Geodetic 49 HOLE FINISHED: 7/5/10
DIRECTION: 0.00° R.L. GROUND: 124.00 m DRILLED BY: DCN Drilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: CJUSTMM CHECKED: CJL

DESCRIPTION OF CORE ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texure, etc...);

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

(cm)

my

RQD (%)
WATER
DRILL WATER
LOSS (%)
CORE BOX

JUFT (%)

METHOD, CORE & CASING

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

GEOLOGICAL UNIT
ROCK
WEATHERING
ROCK
STRENGTH
PTLOAD/UCS
TEST (MPa)
CORE LOSS
TEST SYMBOL

DEPTH
GRAPHIC LOG
DEFECT LOG

FRACTURE LOG
spacing of natural
DATE / DEPTH

ANGLES ARE NORMAL TO CORE AXIS

SwW
MW
HW
R4
R3
R2
R1
3

10
100
50
10
s

1

=

g4
Clayey, medium to coarse SAND, orange i
brown, loose, rare light brown clay seams

5.45m: coarse grained with rare fine
gravels

OB

5.7m: Smm bluish grey clay seam,
orientation unknown, very soft

Below 5.7m becoming medium to coarse,
with rare carbonaceous fragments

COLLUVIUM

OB

SILT/CLAY, orange brown, very soft,
—\moderate plasticity 7
Medium to coarse SAND, orange brown,
dense

6.8m: Smm light brown clay seam at 45°,
with carbonaceous inclusions, very soft

Below 7.3m: as previous but relict bedding
visible in places with 20mm zones of fine
sand or silt, bedding orientation approx.
20°, silt clay zones along bedding in places
up to 5-10mm thick

7.3m: Bedding 20°.

0B

Clayey, medium to coarse SAND, orange
brown, dense, some zones of core more
clay rich than others

CW/HW CORNWALLIS FORMATION

9.4m: becoming coarse 9.4m: Smm clay seam 1° dipping at contact,

some Fe stain.

9.6m: becoming medium coarse 9.6m: Clay seam at 45°, 2mm thick, brown to

black Fe stain.
9.8m: Bedding 20°.

Brown, fine SANDSTONE/SILTSTONE,
E extremely weak

Log Scale 1:25 ROCKLG 27064.001.GPJ
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TONKIN & TAYLOR LTD

DRILL HOLE LOG

BOREHOLE No: BH8

Hole Location: North of Raw
Water Aqueduct

SHEET 3 OF 5

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LLOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472495. mN
2656365. mE

DIRECTION: 0.00°
ANGLE FROM HORIZ.: -90.00 °

DRILL TYPE: Sonic Rig
DATUM: Geodetic 49
R.L. GROUND: 124.00 m
R.L.COLLAR: m

HOLE STARTED: 6/5/10
HOLE FINISHED: 7/5/10
DRILLED BY: DCN Drilling Ltd

LOGGED BY: CJL/STMM CHECKED: CJL

DESCRIPTION OF CORE

ROCK DEFECTS

ROCK OR SOIL TYPE, WEATHERING,
HARDNESS, STRENGTH, COLOUR,
LITHOLOGICAL FEATURES (bedding, cement,
foliation, mineralogy, texture, etc...);

GEOLOGICAL UNIT

ROCK
WEATHERING

SANDSTONE, as previous

Clayey, medium to coarse SAND, orange
brown, dense, some zones of core more
clay rich than others

11.6m: becoming loose to medium dense

11.82m: 10mm brown CLAY seam, soft,
moist, plastic. Breaking in sub-horizontal
nlaminae, not polished

Brown, medium SANDSTONE, extremely
weak, some sub-rounded clasts

12.6m: becoming coarse, moist,
disaggregated to SAND

CW/HW CORNWALLIS FORMATION

13.2m: becoming medium SANDSTONE,
extremely weak

medium dense, coarse SAND. Clasts are
sub-rounded to sub-angular, white, brown
and green in colour

long fragments of coarse sandstone,
extremely weak

4

ROCK

STRENGTH

PTLOAD/UCS

TEST (MPa)
CORE LOSS

(cm)

TUFT (%)
METHOD, CORE & CASING
TEST SYMBOL
DEPTH_(m)
GRAPHIC LOG
DEFECT LOG
FRACTURE LOG
spacing of natural

3
10
20
100

SIGNIFICANT JOINTS, BEDDING, CRUSHED
AND SHEARED ZONES/SEAMS

DEFECT TYPE, SHAPE, ROUGHNESS,
APERTURE, INFILLING, SPACING

ANGLES ARE NORMAL TO CORE AXIS

DATE / DEPTH
RQD (%)
WATER

DRILL WATER

LOSS (%)

§R]r

CORE BOX
RL (m)

L)yt

0B
3
a
|

11.0—

0B
"
|

12m: Joint 80°, planar, smooth, tight, Fe stain.

I
&
1y ket

|

13.0—

5
1

Box
1

Lt

s = = I I
w (=3 w o w
Togea to vy e ter ety een v teeratrepgtergnl

10.0—1

Lt 1L

Box 6

L1

1

S
8
&
|

F I I I |

Log Scale 1:25

ROCKLG 27064.001.GPJ
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Hole Location: North of Raw

DRILL HOLE LOG Water Aqueduct

SHEET 4 OF 5

] [ TONKIN & TAYLOR LTD BOREHOLE No: BHS}

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION  LOCATION: WAIMA, AUCKLAND JOB No: 27064.001
CO-ORDINATES 6472495. mN DRILL TYPE: Sonic Rig HOLE STARTED: 6/5/10
2656365. mE DATUM: Geodetic 49 HOLE FINISHED: 7/5/10
DIRECTION: 0.00° R.L. GROUND: 124.00 m DRILLED BY: DCN Drilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L. COLLAR: m LOGGED BY: CJUSTMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, g _
£ | HARDNESS, STRENGTH, COLOUR, o . 8slo |33 - gle g g £ SIGNIFICANT JOINTS, BEDDING, CRUSHED | g |,
; LITHOLOGICAL FEATURES (bedding, cement, %8l se Zé ge S g ; o | 2 |mEs AND SHEARED ZONESISEAMS % AN § £19
O | foliation, mineralogy, texure, etc...); g & g ig 3 |y I W [~ T g 1e I DEFECT TYPE, SHAPE, ROUGHNESS, 5 8 = 3 aly
@ ElSa|83|8|6 o 2| & |5 . : s ple|s[dgfo
g g olgF|e~|oll o & | 8 |28 APERTURE, INFILLING, SPACING 8 g71°
o 8
° E ANGLES ARE NORMAL TO CORE AXIS
i2E8 2882 820~ QgL
SANDSTONE, as previous
_______________ E
Medium SAND, dense, moist
_______________ 15.5 t——i 08.5
Coarse SANDSTONE, extremely weak,
clasts are from sub-angular to sub-rounded 15.6m: Joint 30°, planar, rough.
’ 15.9m: Joint 30°, planar, rough.
£ 160 ] 08
% 16.2m: softened and becoming wet, 16.2m: 10mm Fe stained band, 10° dipping.
£ | medium SANDSTONE, with some
% sub-rounded clasts up to 10mm size
S 165~ L 07.5
@] 16.6m: 200mm medium SANDSTONE, ]
3 extremely weak T
8 17.05 { 07,
E ] 17.1m: Bedding 10-20°.
5 -
17.1m: becoming CONGLOMERATE, P
recovered as dense, coarse SAND, moist 1757 ] 06!
to wet ;
180—] ° 060
Grey, brown hue CONGLOMERATE, 185 18.5m: 100mm highly fractured along Joint 80°, |
very weak ] planar, rough, Fe stained.
z g
] .
(_1 —~
g 19m: recovered only few fragments of 1907 |
£ | conglomerate n
% ]
us| — °
| ]
% .
S[CORE LOSS Trom TS 0 20m i ]
g 20 7]
Log Scale 1:25 ROCKLG 27064.
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TONKIN & TAYLOR LTD

DRILL HOLE LOG

BOREHOLE No: BH8

Hole Location: North of Raw
Water Aqueduct

SHEET 5 OF §

PROJECT: HUIA WATER TREATMENT PLANT INVESTIGATION

LOCATION: WAIMA, AUCKLAND

JOB No: 27064.001

CO-ORDINATES 6472495. mN

DRILL TYPE: Sonic Rig

HOLE STARTED: 6/5/10

2656365. mE DATUM: Geodetic 49 HOLE FINISHED: 7/5/10
DIRECTION: 0.00° R.L. GROUND: 124.00 m DRILLED BY: DCN Drilling Ltd
ANGLE FROM HORIZ.: -90.00 ° R.L.COLLAR: m LOGGED BY: CJLU/STMM CHECKED: CJL
DESCRIPTION OF CORE ROCK DEFECTS
ROCK OR SOIL TYPE, WEATHERING, 2 _
£ | waroness, sTReneTH, coLour, ol - |8zle.l2|3 d8le g g £ SIGNIFICANT JOINTS, BEDDING, CRUSHED E A g |.
; LITHOLOGICAL FEATURES (bedding, cement, &l § :E’ g § gl g Z 5| 2 |ugs AND SHEARED ZONES/SEAMS (e E g gl ¢
8 foliation, mineralogy, texture, etc...); e E I E § & g 5 % g E g E gg DEFECT TYPE, SHAPE, ROUGHNESS, E § E 3 g ‘é‘ 2
g é 1 Els Ol 9§ | a E 4 APERTURE, INFILLING, SPACING -3 %-|°
i} a o
o o
E ANGLES ARE NORMAL TO CORE AXIS
2882 820w "1
@ | MW, grey with brown hue, coarse i
= | SANDSTONE, very weak -]
< 3
2 E ~ .
(o) n
Q
E 20.5m: becoming a CONGLOMERATE 7] 20.5m: 30° contact, heavy Fe stain. ] %3]
SW CONGLOMERATE, grey, - ]
sub-rounded to sub-angular clasts, very n .
weak X ]
Ela oE [ omi
Z ] a
S 1 ]
% : :
o ] ]
79 - ]
@ 21.5—] — 02.5—]
= l'sﬁri contact with dark grey SILTSTONE, 21.55m: Bedding 22°. ]
< very weak, SOmm thick 21.6m: Bedding 22°. n
% Sharp contact with grey, fine -
o SANDSTONE, very weak .
Q -
E E [220 5 020
22.1m: Disk breaking. n
222m: b ; di ined 22.15m: Carbonaceous band, dipping 20°. Tl
m: becoming medium graine 22.25m: Carbonaceous band, dipping 20°. _
%
225 Bs
END OF BOREHOLE AT 22.5m. - ]
n n
Standpipe piezometers installed. See : n
BH8-PZ for details. . ]
230 o1.0—]
235 00.5—]
240 00.0—]
245 995
Log Scale 1:25 ROCKLG 27064.001.GPJ ‘67‘7710
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Appendix C:

Piezometer and groundwater data



Table 3 - Summary of piezometer and diver installations

Borehole Piezometer Piezometer screen | Piezometer filter | Diver depth
BH1 Piezometer 1 8.0-10.0 m 7.0-11.0m 93 m
Piezometer 2 21.5-24.5m 20.5-25.0m Not installed
BH 2 Piezometer 1 7.0-8.5m 6.0-9.5m Not installed
Piezometer 2 19.0-21.0m 18.0-21.0 m Not installed
BH3 Piezometer 1 5.5-7.0m 45-80m Not installed
Piezometer 2 21.5-245m 20.5-24.85m 233 m
BH 4 Piezometer 1 7.0-10.0 m 6.0-11.0 m Not installed
BHS5 Piezometer 1 4.0-7.0m 3.0-8.0m 53m
Piezometer 2 15.5-18.5m 14.5-18.85m Not installed
BH 6 Piezometer 1 9.0-12.0m 8.0-13.0 m 10.7 m
Piezometer 2 19.5-22.5m 18.5-22.5m ‘Not installed
BH7 Piezometer 1 8.0-10.0 m 7.5-10.5m Not installed
Piezometer 2 13.0-150m 12.5-15.0 m Not installed
BH 8 Piezometer 1 4.5-6.5m 3.5-7.5m Not installed
Piezometer 2 17.5-19.5m 16.5-20.5m Not installed
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Appendix D:

Laboratory Testing Results
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. 23 Morgan Street, Newmarket Form No.. P13B ~ J
Auckland 1023, New Zealand Form Date Sep 2001

p. +64 9 356 3510

Fue} mmmsmmqyn l».lnn_c-nd.n -

GEOTECHNICS w. www.geotechnics.co.nz
Plate No.: - Page of Your Job No.: 27064.001
Site: Huia Watercare Plant, Titirangi Our Job No.: 615300.000
BH No.: BH2 Sample No.: PT1 Depth: 3.35-3.40 (m)
Test Method Used: NZS 4402:1986 Test 7.1 One-Dimensional Consolidation
ONE-DIMENSIONAL CONSOLIDATION TEST
1.51
1.48 T
\\\
1.45 -
1.42 - \\\
-1.39 . X
O N
o 136
- \
5 133 ;
2 130 \\
1.27 = ~]
1.24 T~ |
'\\
1.21 l
118 =
1 10 ' 100 1000 10000
Applied Pressure (kPa)
Void : Coefficient of Coefficient of Volume
Pressure Ratio Pressure Increment Consolidation Compressibility
(kPa) (e) (kPa) Cv (mzlyr) Mv (m*MN)
As received 0 1.493 ‘
Preload 7.5| 1.489 Oto 7.5 NA 0.22

15.1]- 1.485 7.5t0 15.1 23 . 0.21
30.2] 1.478 15.1to 30.2 20 ‘ 0.19
60.3] 1.465 30.2to 60.3 : 17 0.18
1211  1.440 60.3to 121 13 , 0.17
2411  1.364 121 to 241 6.3 0.26

483 1.219 | 241to 483 : 3.6 0.25
Unload 15.1 1.284 483to 15.1 : NA NA
Sample History: Undisturbed core trimmed at NWC. SQR of time fitting method used.
Description: . clayey SILT with minor sand, soft to firm, light greenish grey with light yellowish brown medium-high

plasticity, slightly dilatant. A

Initial Dry Density (t/m®): 1.06 Initial Water Content:  55.0%
Solid Density (¥m?3): ' 2.65 {Assumed) Initial Saturation: 98%
Temperature During Testing: Max=22°C Min=21°C

Remarks: The calculations of void ratio are affected by the solid density value. We have assumed a value of
2.65tm? -
Sample description is not JANZ endorsed. .
Entered by: s Date: 5 ¢| <)o Checked by: SR Date: 2S[s[io
U




23 Morgan Street, Newmarket’ Form No.: P13 B
Auckland 1023, New Zealand Form Date.: Sep 2001
e p. +64 9 356 3510 oo oon,
GEOTECHNICS  W. www.geotechnics.co.nz - ——
Plate No.: _ Page of Your Job No.: 27064.001
Site: Huia Watercare Plant, Titirangi : Our Job No.: 615300.000
BH No.: BH4 Sample No.: PT2 Depth: 4.70-4.75 (m)

Test Method Used: ANZS 4402:1986 Test 7.1 One-Dimensional Consolidation

ONE-DIMENSIONAL CONSOLIDATION TEST

1.72
1.68
. o
1,64 B
| <
1.60 ]
1.56 : A
o | \
o 152
g \
E 1.48 | \
> 144 \
1.40 — \
—~L \
1.36 : =
\\
1.32 -\
1.28 A
1 10 100 ‘ 1000 10000
Applied Pressure (kPa) : 4
Void Coefficient of Coefficient of Volume
Pressure Ratio Pressure Increment "~ Consolidation Compressibility
(kPa) (e) ' (kPa) , Cv (m?lyr) © . Mv (m*MN)
As received 0 1.671 .
Preload : 15.1 1.658 O0to 15.1 N NA 0.34
302 ‘1645 | 15.1to0 30.2 27 . - 0.33
60.3] 1.619 30.2to 60.3 26 0.32
121 1.570 60.3to 121 22 . ' - 0.31
241 1.476 121to 241 20 0.30
483 1.328 241to 483 18 0.25
Unload 15.1 1.389 483to 15.1 ' NA NA

Sample History: Undisturbed core trimmed at NWC. SQR of time fitting method used.
Description: sandy SILT with trace of clay, soft, light greenish grey, low plasticity, dilatant.

Initial Dry Density (Ym®): 0.99 Initial Water Content:  61.6%

Solid Density (Ym?): 2.65 (Assumed) Initial Saturation: 98%

Temperature During Testing: Max=22°C Min=21°C

Remarks: The calculations of void ratio are affected by the solid density value. We have assumed a value of
2.65 t/m®. ’

Sample description is not IANZ endorsed.

Entered by: £ Date: v¢l¢) o Checked by: MiRA Date: 8s/s7io
\ A N , '




23 Morgan Street, Newmarket Form No.: P13B l
‘ = > Auckland 1023, New Zealand Form Date.: Sep 2001
GEOTECHNICS w. www.geofechnics.co.nz -
Plate No.: Page of" Your Job No.: 27064.001
Site: Huia Watercare Plant, Titirangi Our Job No.: 615300.000 o .
BH No.: BH4 Sample No.: PT3 Depth: 7.85-7.90 (m)

Test Method Used: NZS 4402:1986 Test 7.1 One-Dimensional Consolidation

ONE-DIMENSIONAL CONSOLIDATION TEST

1.60 e
[
1.55 o x
1.50 T,
1.45
T 140 . Nt
=
e 135 \\
i) : :
3 1.30
1.25 \
1.20 : | N
.“.”m""""*"\.\ \
1.15 s
1.10
1 10 100 1000 10000
Applied Pressure (kPa) .
Void ‘ Coefficient of Coefficient of Volume
‘Pressure Ratio . Pressure Increment Consolidation Compressibility
(kPa) } (e) " (kPa) | Cv (m?lyr) MV (m2/MN)
As received o] 1.602 4 ' ‘
Preload 15.1 1.5687 . 0to 151 . NA 0.39
30.2| 1.572 | 15.1to 30.2 47 0.36
60.3] 1.548 | 30.2to 60.3 _ 35 0.31
121 1.506 60.3to0 121 - 30 0.28
2411 1.429 121to 241 . 27 j 0.25
483 1.302 241to 483 22 ' 0.22 R
966| 1.151 483 to 966 20 0.14
Unload 15.1] 1.205 ~ 966t0 15.1 NA NA

Sample History: Undisturbed core trimmed at NWC. SQR of time fitting method used.
Description: silty SAND with trace of clay, loosely packed, Iight greenish grey with light yellowish orange brown.

Initial Dry Density (Ym?): 1.02 Initial Water Content:  58.8%

Solid Density (Ym?): 2.65 (Assumed) Initial Saturation: 97%

Temperature During Testing: Max=22°C Min=21°C

Remarks: The calculations of void ratio are affected by the solid density value. We have assumed a value of
2.65 t/m3. ' .

Sample description is not IANZ endorsed.

Entered by: s Date: s<)¢)o Checked by:  W3RA Date: 3X/S/t»

T



23 Morgan Street, Newmnarket Form No.: P13 B
Auckland 1023, New Zealand Form Date.. Sep 2001
e . p. +64 9 356 3510 oo
GEOTECHNICS  W. www.geotechnics.co.nz — —
Plate No.: Page of Your Job No.: 27064.001
Site: Huia Watercare Plant, Titirangi Our Job No.: 615300.000
BH No.: BH5 Sample No.: PT1 Depth: 2.85-2.90 (m)

Test Method Used: NZS 4402:1986 Test 7.1 One-Dimensional Consolidation

ONE-DIMENSIONAL CONSOLIDATION TEST

1.55
a....._h__.o\‘
1.52 ~
N
1.49
N
N
146 ~ aE A
€ 143 \
g " \
= _
5 140 : \\
(<
>
1.37 :
1.34 1— S
131 - ~'~-‘\“\-§L
1.28
1 10 . 100 1000 10000
Applied Pressure (kPa) _ '
, Void Coefficient of Coefficient of Volume
Pressure Ratio Pressure Increment Consolidation Compressibility
(kPa) (e) (kPa) Cv (m%Hyr) Mv (m?/MN)
As received ol 1.536 ) ' : ,
Preload - 7.5 1.531 ] Oto 7.5 NA - 0.28
15.1] 1.526 7.5t0 15.1 25 0.27
30.2] 1.516 15.1to 30.2 , 24 - 0.26
60.3] 1.497 30.2to 60.3 23 0.25
121]  1.461 60.3to 121 : _ 21 0.24
241] 1.403 121 to 241 19 - 0.20
483| 1.303 241to 483 ' 17 0.17
Unload 15.1] 1.337 483to 15.1 NA : NA

Sample History: Undisturbed core trimmed at NWC. SQR of time fitting method used.
Description: clayey SILT with some sand, soft to firm, light brown, mottled black, medium-high plasticity, dilatant.

Initial Dry Density (Ymd): 1.04 Initial Water Content:  56.4%

Solid Density (/m?®): 2.65 (Assumed) Initial Saturation: 97%
Temperature During Testing: Max=22°C Min=21°C
Remarks: The calculations of void ratio are affected by the solid density value. We have assumed a value of
T 2.65tms.
Sample description is not IANZ endorsed. _
Entered by: ¢ ~Date: x¢)sho Checked by: MRA Date: &/%/to

(I
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GEOTECHNICS

23 Morgan Street, Newmarket
Auckland 1023, New Zealand

p. +64 9 356 3510
w. www.geotechnics.co.nz

Form No.: P13 B
Form Date.: Sep 2001

Plate No.: Page of
Site: Huia Watercare Plant, Titirangi
BH No.: BH6 Sample No.: PT2

Your Job No.: 27064.001
Our Job No.: 615300.000

Depth: 2.60-2.65 (m)

Test Method Used: NZS 4402:1986 Test 7.1 One-Dimensional Consolidation

ONE-DIMENSIONAL CONSOLIDATION TEST

Sample History: Undisturbed core trimmed at NWC. SQR of time fitting method used.

Temperature During Testing: Max=22°C Min=21°C

Remarks:
2.65 Vms3.

Sample description is not IANZ endorsed.

52.9%
98%

Description: clayey SILT with trace of sand, firm to stiff, orange brown with light greenish grey, mottled black, high
plasticity, slightly dilatant.

Initial Dry Density (m?): 1.09 Initial Water Content:

Solid Density (t/m?): 2.65 (Assumed) Initial Saturation:

The calculations of void ratio are affected by the solid density value. We have assumed a value of

Entered by: s Date: s£)s)io

Checked by: MJ&AN

1.45
- )
1.40 A
1.35 \\
_ 130 \\
O
£ 125 ' \
2 \
S 120 \\
‘\\\\ \
1.15 - —y \ _
1.10 P
1.05
1 10 100 1000 10000
Applied Pressure (kPa)
Void Coefficient of Coefficient of Volume
Pressure Ratio Pressure increment Consolidation Compressibility
(kPa) (e) (kPa) Cv (mzlyr) Mv (m?/MN)
As received 0 1.431 '
Preload 30.2| 1.420 Oto 30.2 NA 0.14
60.3] 1.411 30.2to 60.3 2.1 0.12 :
121 1.381 60.3t0 121 1.8 0.20 q
241 1.326 121to 241 0.96 0.19
483 1.230 241to 483 0.78 0.17 '
966 1.089 483 to 966 0.70 0.13
Unload 30.2 1.184 966 to 30.2 NA NA i

Date: 25/5/l»

[



‘ 23 Morgan Street, Newmarket ‘ Form No.: P13 B
. . Auckiand 1023, New Zealand Form Date.: Sep 2001
e .p. +64 9 356 3510 oo o en.
GEOTECHNICS w. www.geotechnics.co.nz - -
Plate No.: Page of Your Job No.: 27064.001
Site: Huia Watercare Plant, Titirangi Our Job No.: 615300.000
BH No.: ' BH6 Sample No.: PT5 Depth: 6.90-6.95 (m)

Test Method Used: NZS 4402:1986 Test 7.1 One-Dimensional Consolidation

ONE-DIMENSIONAL CONSOLIDATION TEST

1.41

1.38
1.35 ' ~

1.32 : A
1.29 \
\\

s
2 1.26
€ 423 :
z il . 5
> 120 : \\
1.14 (e L \\
1.11 T
1.08
1 10 100 1000 10000
' Applied Pressure (kPa) .
Void ' Coefficient of Coefﬁcient of Volume
Pressure Ratio Pressure Increment Consolidation Compressibility
(kPa) (e) (kPa) - - Cv (m2yr) . Mv (m2/MN)
As received~ 0] 1.378 ' . :
Preload : 15.1 1.370 Oto 15.1 NA 0.22
‘ 30.2f 1.362 . 15.1to 30.2 47 0.21
60.3]° 1.348 30.2to 60.3. 43 0.20
121 1.323 60.3to 121 38 _ 0.18
241 1.282 121to 241 30 0.14
4831 1.216 241 to 483 28 ' 0.12
966 1.118 483 to 966 , 24 0.092
Unload 15.1 1.168 966to 15.1 NA NA

Sample History: Undisturbed core trimmed at.NWC. SQR‘of time fitting method used.
Description: silty SAND with a few moderately weathered sand sized clasts of grey SILTSTONE and trace of clay,
loosely packed, light greenish grey with orange brown.

1initial Dry Density (Ym?): 1.1 Initial Water Cohtent: 50.4%

Solid Density (Ym?®): 2.65 (Assumed) - Initial Saturation: 97%

Temperature During Testing: Max=22°C Min=21°C

Remarks: The calculations of void ratio are affected by the solid density value. We have assumed a value of
2.65 Ym?.
Sample description is not IANZ endorsed. , .

Entered by: ¢% Date: +5)¢)vo Checked by:  WIRA Date: 25/ lo

) 1




23 Morgan Sheet, Newmarket Form No.: - TP1 ‘
Auckland 1023, New Zealand ' - . I
 p. +649 356 3510 orm Date: July 2003
GEOTECHNICS w. www.geotechnics.co.nz T rojects\8 .00 1Workin
Plate No.: Page of
Site: Huia Watercare Plant, Titirangi  Your Ref No.: 27064.001 Job No.:  615300.001
Test pit/Bh No.: BH1 Sample No.; PT1 Depth: 6.25--6.37 (m)

Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1880:Clause 6 Consolidation
BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES

600

500 o .,.v...___.._;_._.-...

400 | - o ' -

300 ¢ e e - . - i . - /

i
i
i
‘ I
)

Shear stress (kPa)

200 . U Y——

TR R .
E
{
i
0’ . ' . :
0 100 200 300 400 500 600 700 - 800 900 1000
Normal Stress (kPa)
s Effective Stress Total Stress =
Initial Sample Height: 115.20 mm ' Initial Water Content: 47.1 %
Initial Sample Diameter: ’ 53.89 mm Initial Bulk Density: 1.73 t/m?
[nitial B Value: -- % Initial Dry Density: 1.18 t/m? ‘
B Value before Consolidation: 96 % ' Final Water Content: 434 %
Consolidation Stage Failure Values
Cell Back Eff. Deviator Pore Presstfre | Effective Principal Vertical Strain
Pressure | Pressure | Consol. Stress Change During _Stress (kPa) (%)
(kPa) (kPa) Stress (kPa) | Shearinasu(kPa) | Major o1 | Minor ¢3'
STAGE 1 470 350 120 186.01 49.7 256.31 7030 | 337
STAGE 2 590 350 240 281.62 115.2 406.42 124.80 2.15
STAGE 3 830 350 480 436.35 260.1 656.25 219.90 2.37
Total Effective
Angle of Frictional Resistance: o= 15 ° ¢ = 27 °
Cohesion: c= 42 kPa c'= 22 kPa
Linear Regression Coefficient: r= 0.998 r=1.000

Sample History: Undisturbed core trimmed at natural water content,

Soil description: SILT, sandy, firm, light grey with dark grey, white, orange brown and reddish brown, low plasticity, dilatant.

Failure Mode:  Planar / Plastic , . Test Speed: 0.032 (mm/min)

Test Remarks: The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by either the maximum effective stress ratio or the maximum deviator stress. Strength
parameters have been derived by using a linear regression fitting method.

Emterad by: — Date:_2%/o7 Jo Checked by: Ve ZI 5377




23 Morgan Street, Newmarket .
Auckiand 1023, New Zealand Form No.: TG2
b. +64 9 356 3510 Form Date: July 2003
GEQOTECHNICS w, www.geotechnics.co.nz P:\815300\615300,001\WorkingMaternahBH1-PT1\BH1-P
Plate No.: Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH1 Sample No.: PT1 Depth: 6.25--6.37 (m)
GRAPHS
STRESS PATH
300
250 ;
200 }

Shear Stress (kPa)
@
[on]

. 100

)/ /

0 - 50 100 150 200 250 A 300 350 400 450 500 550
Effective Normal Stress (kPa)

r ‘Stage 1 emmmwmStage 2 e Stage il

PORE PRESSURE Vs VERTICAL STRAIN

650

600 / .

/

550

500

450

Pore Pressure (kPa)

400

350 - - -em temiees
0.0 0.5 1.0 1.5 20 2.5 3.0 3.5

Vertical Strain (%)

Entered by: \ A~ Date. 28, 1 1o Checked by: @ Date: 32/0 5 J/o

Stage 1 Stage 2 Stage 34]




GEOTECHNICS

23 Morgan Sheet, Newrmnarket
Auckland 1023, New Zecland

p. +64 9 356 3510
w. www.geotechnics.conz

Form No.:

TG1-1 1

Form Date:

July 2003

P:\815300\615300.001\WorkingMateriahBH1-PT1\BH1,

Plate No.: Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH1 Sample No.: PT1 Depth: 6.25--6.37 (m)
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Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1990:Clause 6 Consolidation .
BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
_ MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES

Failure Mode: .

Test Remarks:

Planar / Plastic

Sample History: Undisturbed core trimmed at natural water content.

Test Speed:

0.038

(mm/min)

Soil description: SILT, sandy, with minor clay, firm, brown with orange and black, low to medium plasticity, dilatant.
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Initial Sample Height: 112.80° mm Initial Water Content: 45.7 %
Initial Sample Diameter: 53.55 mm Initial Bulk Density: 1.76 t/m?
Initial B Value: 72 % Initial Dry Density: 1.21 t/m?
B Value before Consolidation: 98 % Final Water Content: 36.5 %
Consolidation Stage Failure Values
Cell Back Eff. . Deviator Pore Pressqre Effective Principal |\/o tical Strain
Pressure | Pressure | Consol. Stress Change During _Stress (kPa (%)
(kPa) (kPa) Stress {kPa) i ) | Major o1’ | Minor o3'
STAGE 1 480 300 180 197.37 107.8 269.57 | 72.20 6.93
STAGE 2 660 300 360 342.54 221.2 481.34 138.80 4.77
STAGE 3 1020 300 720 597.15 451.8 865.35 | 268.20 3.21
Total Effective
Angle of Frictional Resistance: o= 16 ° ¢ = 30 °
Cohesion: c= 27 kPa c= 16 kPa
Linear Regression Coefficient: r= 0.999 r= 1.000

The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by either the maximum effective stress ratio or the maximum deviator stress. Strength

parameters have been derived by using a linear regression fitting method.
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Test pit/Bh No.: BH4 Sample No.: PT1 , Depth: 2.75--2.86 (m)
Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1990:Clause 6 Consolidation
BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement
CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES) l
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES
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Initial Sample Height: 111.11 mm Initial Water Content: 61.2 %
Initial Sample Diameter: 53.85 mm Initial Bulk Density: 1.61 t/m?
Initial B Value: 60 % Initial Dry Density: -1.00 t/m?
B Value before Consolidation: 96 % Final Water Content: 52.5 % -
Consolidation Stage Failure Values
Cell Back Eff. Deviator Pore PreSSl.lre Effective Principal Vertical Strain
Pressure | Pressure | Consol. Stress Change During _Stress (kPa) (%)
(kPa) (kPa) Stress (kPa) Shearina su(kPa) | Major 1’ | Minor 63’
STAGE 1 350 300 50 48.06 24.4 73.66 25.60 4.46
STAGE 2 400 300 100 91.34 49.3 142.04 50.70 4.99
STAGE 3 500 300 200 162.41 104.6 257.81 95.40 6.06
Total Effective
Angle of Frictional Resistance: o= 16 ° o' = 27 °
"|Cohesion: c= 5 kPa c'= 3 kPa
Linear Regression Coefficient: r= 0.999 r= 1.000
Sample History: Undisturbed core trimmed at natural water content. ‘
Soil description: SILT, with some clay and minor sand, soft, grey, medium to high plasticity, dilatant.
Failure Mode:  Planar / Plastic Test Speed: 0.018 (mm/min)
Test Remarks: The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined bythe maximum deviator stress. Strength parameters have been derived by using a :
linear regression fitting method.
Entered by: A Date: 8[2% Checked by: 3 D& Date: \S/6/10

i



I E Bl EE E

ol
N

-‘

23 Morgan Street. Newmarket .
Auckiand 1023, New Zealand Form No.. 162
b. +64 9 356 3510 Form Date: July 2003
GEOTECHNICS w. www.geotechnics.co.nz : £:16153001815300.001\WorkingMateriaNBH4-PT1\BH4-P
Plate No.: : Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH4 Sample No.: PT1 Depth: 2.75--2.86 (m)
GRAPHS
STRESS PATH
120 /
|
100 f
. 80 N
[\
$
s 60
n
\
<
5 (

\
/

< .
0 20 40 60 80 100 120 140 160 180 200 220
Effective Normal Stress (kPa)

20

\_,_.-.-«-—...\

[ Stage 1 Stage 2 === Stage 3
PORE PRESSURE Vs VERTICAL STRAIN
420 -
400 : m——
E 380 /
=
o
3
¥ 360
2
Q-
o
& 340 /  ——
320 / T
/
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Vertical Strain (%)
[ Stage 1 Stage 2 Stage 34|

Entered by o~ Date. 8] ob/w Checked by:  SDG Date: {S/g/\0




GEOTECHNICS

23 Morgon Street, Newmarket
Auckiand 1023, New Zeoland

p. +64 9 356 3510

w. www.geotechnics.co.nz

Form No.:

Form Date:

TG1-1 l.'

July 2003

P:\615300\815300,001\WorkingMateriaN\BH4-PT 11BH4.

Plate No.: _ _ Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH4 Sample No.: PT1 Depth: 2.75--2.86 (m)
STAGE 1 GRAPHS '
CONSOLIDATION
0 3
N l
2 S I
)
g -
4
I N
[3) \\ \~x
2 6 N \x\x\.y '
3 : .___.__.__.__.__..___.._______.:\_.______-__:h:_?:.x.-x__x
0 N
S N l
N t
N :
AN
8 S
N R
N
3 )
N
N
N
10 SN
0 5 10 15 20 25 30 35 ‘
: SQUARE-ROOT TIME
STRESS-STRAIN CURVE ’
60 ‘ 35
. e xW(_x)(.xx—-" y x ;
e XX I
50 e X .x-”x:/ﬁ o o */'/'" — o
g e Wx)(x-x—/*_r e e ' “
g 40 o
= / /-"‘
» f B 1+ 25 ¢
2 ¥ B
2 30 o &
8 f *("’/ g
3 P 20
o Pl
£ 20 £
] X k
: I 7
2 )é {,{f
415
o |45
ol
0 g 1.0
0. 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 5.5
Vertical Strain (%)
l X Deviator Stress — +— — Stress Ratio
Entered by: A~ Date: 9706/, 0 Checked by: S, DG Date: 15 L c




23 Morgan Street, Newmarket .
Auckland 1023, New Zecaland ‘ Form No.: TG1-2
b. +64 9 356 3510 Form Date: July 2003
GEOTECHNICS w. www.geotechnics.co.nz P:\6153001615300.001\WorkingMateria\BH4-PT 1\8H4-H
Plate No.: Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH4 Sample No.: PT1 Depth: 2.75--2.86 (m)
STAGE 2 GRAPHS
CONSOLIDATION
0 % < -
SN
2 S
aJ
£
w 4
0]
-4
<
T
o
w
25
]
o
>
8
10 - .
0 5 10 15 20 25 30 35
SQUARE-ROOT TIME
STRESS-STRAIN CURVE
100 . 3.0
e e ey
' x—-x—x—-x—":%:&‘_x} :
/x—x“x—x’* -+ 7
’x/x/X 4“*
XX A
. 80 oo B Ead
g v ‘ 1 25
=3 A
2 /XH( 4/*/ A '
] #
ot } 4’
? 60 7 ' )
8 & 2
8 7 x
> e T+ 20 o
L n
o + o
2 40 ] +"‘J z
8 #
X 7 [
¥4
¥
0 w"g 1.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Verticat Strain (%)
[ ——x=— Deviator Stress — +— — Stress Ratio

Entered by: LA~ Date: §7‘aé/m Checked by: SDG- Date: \S/6/10




23 Morgan Street, Newmarket
Auckland 1023, New Zealand
p. +64 9 356 3510

w. www.geotechnics.co.nz

GEOTECHNICS

Form No.:

TG1-31

Form Date: July 2003

P:\6153001615300.001\Working Material\BH4-PTHBH

Plate No.: Page of
Site: Huia Watercare Plant, Your Ref No.: 27064.001 Job No.: 615300.001
Test pit/Bh No.: BH4 Sample No.: PT1 Depth: 2.75--2.86 (m)
STAGE 3 GRAPHS
CONSOLIDATION
0 gy
2 < :
3 4
E )XS
= _
0}
2 N\
5 ° \\\
L A
.32 \
6' 8 :\‘\
> AN RN
\ ~><\x\
\ \\
N\ \x\;*—-x
Lo S S——— S S - ——— S SE— . ——
N
N\
\
12 : >
0 5 10 15 20 25 30 35 - 40 45 50
SQUARE-ROOT TIME
STRESS-STRAIN CURVE
180 : 2.8
_‘,4—":"?:—*—*— —1-—'-“:_*‘:
PR S Es ?
160 : o Tt - 26
I
T 140 gl st 24
£ el ‘
0 /CK //
a2 120 5 - 22
5 A
5 A o
S 100 ] 205
8 # o
3 Vad [
(=} A @
- 80 18 5
E: i 7 @
8 2
5 60 X TF 16
40 % ¥ 14
0
20 5 1.2
0 f)ﬁ 1.0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5
' Vertical Strain (%)
I —Xx— Deviator Stress — +— — Stress Ratio
Entered by: Live Date: $/oé/i0 Checkedby: 3DG Date: \~ /o6 /10




23 Morgan Shieet, Newmarket .
Auckland 1023, New Zealand Form No.: TP
] b. +64 9 356 3510 Form Date: July 2003
GEOTECHNICS w. www.geotechnics.co.nz T jacts\B153001815300.00

Plate No.: Page of
Site: Huia Watercare Plant, Titirangi  Your Ref No.: 27064.001 Job No.:  615300.001
Test pit/Bh No.: BH6 ‘ Sample No.: PT3 : Depth: 3.21--3.32 (m)
Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1990:Clause 6 Consolidation

BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES
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Initial Sample Height: 110.04 mm Initial Water Content: 623 %
Initial Sample Diameter: 53.94 mm Initial Bulk Density: 1.60 t/m®
Initial B Value: 38 % Initial Dry Density: 0.99 t/m?
B Value before Consolidation: 98 % Final Water Content: 60.1 %
Consolidation Stage . . ) : Failure Values
Cell Back Eff. - Deviator Pore Pressgre Effective Principal |yartical Strain|
Pressure | Pressure | Consol. Stress Change During _Stress (kPa) (%)
(kPa) (kPa) Stress (kPa) Sheari ) | Major o1’ | Minor ¢3'
STAGE 1 360 300 60 73.33 25.5 107.83 3450 3.52
STAGE 2 420 300 120 127.10 56.8 190.30 63.20 . 2.77
STAGE 3 540 300 240 205.58 128.2 317.38 111.80 3.42
Total Effective
Angle of Frictional Resistance: o= 15 ° ¢ = 27 °°
Cohesion: c= 13 kPa T o= 5 kPa
Linear Regression Coefficient: r= 0.996 ~r= 1.000

Sample History: Undisturbed core trimmed at natural water content.
Soil description: SILT, with some clay and minor sand, soft, grey with orange brown, medium to high plasticity, dilatant.

Failure Mode:  Planar/ Plastic Test Speed: 0.02 (mm/min)

Test Remarks: The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by either the maximum effective stress ratio or the maximum deviator stress, Strength

parameters have been derived by using a linear regression fitting method.
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Site: Huia Watercare Plant, Titirangi  Your Ref No.: 27064.001 Job No.:  615300.001

Test pit/Bh No.: BH6 Sample No.: PT4 Depth: 4.60--4.71 (m)

Test method used: BS1377:Part 8:1990:Clause 5 Saturation

BS1377: Part 8:1990:Clause 6 Consolidation

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)

BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurementi

MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES

Failure Mode:

Test Remarks:

Sampie History: Undisturbed core trimmed at natural water content.

Soil description: SILT, with some clay, firm, light grey with grey / black and orange brown, medium plasticity, dilatant.

Planar / Plastic Test Speed: 0.038 (mm/min)

The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by the maximum deviator stress. Strength parameters have been derived by using a

linear regression fitting method.
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Initial -Sample Height: 116.22 mm Initial Water Content: 70.1 %
Initial Sample Diameter: 53.89 mm Initial Bulk Density: 1.57 t/m?
Initial B Value: 40 - % Initial Dry Density: 0.92 t/m?
"B Value before Consolidation: 96 - % Final Water Content: 64.6 %
Consolidation Stage Failure Values
Cell Back Eff. Deviator Pore Pressure Effective Principal Vertical Strain
Pressure | Pressure | Consol. Stress Change During _Stress (kPa) (%)
(kPa) (kPa) Stress (kPa) Shearing Su(kPa) | Major o1’ | Minor o3’
STAGE 1 380 300 80 78.53 48 113.73 35.20 3.24
STAGE 2 460 300 160 131.66 93.6 198.06 66.40 2.65
STAGE 3 620 300 320 229.75 184 365.75 136.00 2.78
Total Effective
Angle of Frictional Resnstance o= 14 ° ¢ = 25 °
Cohesion: c= 12 kPa = 9 kPa
Linear Regression Coefficient: r= 1.000 r= 0999
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Soil descriptio

Failure Mode:

Test Remarks:
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Site: Huia Watercare Plant, Titirangi  Your Ref No.: 27064.001 Job No.:  615300.001
Test pit/Bh No.: BH8 Sample No.: PT1 Depth: 2.02--2.14 (m)
Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1990:Clause 6 Consolidation
BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement
CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES
250 _ - ; ,
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R T S F RSP 1S EUUNUN ) 5t S P
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0 50 : 100 150 200 250 . 300 350 ' 400
‘Normal Stress (kPa)
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Initial Sample Height: 11876 ~ mm Initial Water Content: 53.1 %
Initial Sample Diameter: 60.32 mm Initial Bulk Density: 1.63 t/m?
Initial B Value: 22 % Initial Dry Density: 1.06 t/m?
B Value before Consolidation: 96 % Final Water Content: 53.2 %
Consolidation Stage . Failure Values
Cell Back Eff. Deviator Pore Pressure Effective Principal Vertical Strain
Pressure | Pressure | Consol. Stress Change During 'Stress (k!’a) (%)
(kPa) (kPa) Stress (kPa) | Shearina su(kPa) | Major o1’ | Minor o3
STAGE 1 490 450 40 68.97 19.5 89.47 20.50 3.55
STAGE 2 530 450 80 S 1711 375 159.61 42.50 2.44
STAGE 3 610 450 160 191.47 80.5 270.97 79.50 3.21
Total ) Effective
Angle of Frictional Resistance: o= 19 ° o' = 30 °
Cohesion: c= 12 kPa c'= 9 kPa
Linear Regression Coefficient: r= 0.998 r= 1.000

Sample History: Undisturbed core trimmed at natural water content.

n: SILT, clayey, with some sand, soft to firm, orange brown with black, medium to high plasticity, dilatant.

Planar / Plastic Test Speed: 0.03  (mm/min)

The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by the maximum effective stress ratio. Strength parameters have been derived by using

a linear regression fitting method.
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES
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Plate No.: Page of
Site: Huia Watercare Plant, Titirangi  Your Ref No.: 27064.001 Job No.: 615300.001 i
Test pit/Bh No.: BH6 - Sample No.: S§2 Depth: 7.95--8.05 (m)
Test method used: BS1377:Part 8:1990:Clause 5 Saturation BS1377:Part 8:1990:Clause 6 Consolidation
BS1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement

— Effective Stress Total Stress =
Initial Sample Height: 101.51 mm Initial Water Content: 49.6 %
Initial Sample Diameter: 54.46 mm Initial Bulk Density: 1.69 t/m?
Initial B Value: 50 % Initial Dry Density: 1.13 tm* -
B Value before Consolidation: 100 % Final Water Content: 43.6 %
Consolidation Stage ) Failure Values
Cell Back Eff. Deviator Pore Pressure Effective Principal |, rtical Strai
Pressure | Pressure | Consol. Stress Change During _Stress (kPa) ert (%) rain
(kPa) (kPa) Stress | (kPa) | Shearina su(kPa) | Major o!' | Minor ¢3'
STAGE 1 460 300 160 171.17 75.6 255.57 84.40 2.24
STAGE 2 620 300 320 268.95 ) 124.1 464.85 195.90 1.72
STAGE 3 © 940 300 640 428.91 228.1 840.81 411.90 1.83
o Total Effective
Angle of Frictional Resistance: o= 12 ° ¢ = 16 °
Cohesion: c= 37 kPa ¢'= 41 kPa
Linear Regression Coefficient: r= .0.998 r= 0.999
Sample History: Undisturbed core trimmed at natural water content.
Soil description: SILT, with some sand and minor clay, firm, low to mediﬁm plasticity, dilatant.
Failure Mode:  Planar Test Speed: 0.028 (mm/min)
Test Remarks: The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by either the maximum effective stress ratio or the maximum deviator stress. Strength
~ parameters have been derived by using a linear regression fitting method.
i Vi
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B8S1377:Part 8:1990:Clause 7 Consolidated-undrained triaxial compression test with pore pressure measurement

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST (3 STAGES)
MOHR CIRCLES OF TOTAL AND EFFECTIVE STRESSES

700

600 -

500 e e ....4.4.“..-;“. - -

400

© 300

Shear stress (kPa)

T~

Sample History: Undisturbed core trimmed at natural water content.

part of the sample.

Failure Mode: Planar

Test Remarks:

linear regression fitting method.

Test Speed:

0.028  (mm/min)

The sample was saturated by increments of cell pressure and back pressure.
Failure for each stage was determined by the maximum deviator stress. Strength parameters have been derived by using a

200 oo . l
100 - e - =L N \ -
| ; : !
0 . : — ] :
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
: Normal Stress (kPa)
e Effective Stress Total Stress =
Initial Sample Height: 121.44 mm Initial Water Content: 49.5 %
Initial Sample Diameter: 54.57 mm Initial Bulk Density: 1.72 t/m?
Initial B Value: 44 % Initial Dry Density: 1.15 t/m?
B Value before Consolidation: 100 % Final Water Content. 45.2 %
Consolidation Stage Failure Values
Cell Back Eff. Deviator | Pore Pressgre Effective Principal |y/o tical Strain
Pressure | Pressure { Consol. Stress Change During _Stress (kPa) (%)
(kPa) (kPa) Stress (kPa) Shearina su(kPa) | Major o1' | Minor o3’
~ STAGE1 470 300 170 164.89 70.4 264.49 | 99.60 2.13
STAGE 2 640 300 340 280.44 117.4 503.04 222.60 1.25
STAGE 3 980 300 680 449.25 212.2 917.05 467.80 1.96
' Total Effective
Angle of Frictional Resistance: b= 12 ° ¢ = 16 °
Cohesion: c= 32 kPa ¢'= 37. kPa
Linear Regression Coefficient: r= 0.996 r=0.996

Soil description: SILT, sandy, firm to stiff, brown with light orange, low plasticity, dilatant. There was an existing shearing plane in the lower
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