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RD 4

Hamilton

Dear Graham

RE: PRELIMINARY GEOTECHNICAL INVESTIGATION REPORT FOR PROPOSED RESIDENTIAL
DEVELOPMENT 635 WHATAWHATA ROAD, HAMILTON

1 INTRODUCTION AND SCOPE

CMW Geosciences (CMW) has been engaged by Singleton Heritage Trust to undertake a geotechnical
assessment for the proposed rural residential subdivision development located at 635 Whatawhata Road,
Hamilton legally described as Lots 1 & 2 DPS 12627.

In this report we present the results of our fieldwork and our assessment of the suitability of the land for
residential development including assessment of liquefaction risk, slope stability, foundation suitability
and on-site disposal of stormwater and wastewater.

This work has been carried out in accordance with Stage 1 of the geotechnical investigation as described
in the CMW services proposal dated 21 September 2018 (ref. HAM2018-0112AB Rev0).

It is intended that this report will support the subdivision Resource Consent application to the Waikato
District Council.

2 SITE DESCRIPTION

The site as presented in Appendix A is irregularly shaped with a plan area of approximately 45.6 Hectares,
and is located at 635 Whatawhata Road. The site is predominantly in pasture with stands of large trees
scattered around the site. The site has been previously used as a golf course.

The majority of the site is low-lying and gently slopes towards the north from approximately RL 27 to RL
23 metres. Along the eastern boundary moderately steep slopes rise to an elevation of approximately RL
42 metres.

There are multiple buildings located in current Lot 1 and another located centrally within Lot 2. These
buildings are to remain and therefore are excluded from our scope.

The general site layout is presented on our Geotechnical Investigation Plan (Figure 01).

3 DEVELOPMENT PROPOSAL

Drawings provided by McCracken Surveyors (ref: 13246, Sheet 1 of 7, dated October 2018) indicate the
proposed development involves the subdivision of the current Lots 1 and 2 into 10 lots with 7 new building
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platforms. Existing dwellings located in the current Lot 1 are proposed to occupy the proposed Lots 8 and
9 while the existing dwelling located centrally within the current Lot 2 is to occupy the proposed Lot 3.

The scope of our geotechnical assessment is limited to Lots 1, 2, 4, 5, 6, 7 and 10 as depicted on the
attached plan (Figure 01).

We also investigated a potential building platform within the northern section of Lot 10, as shown on
Figure 01.

Minor earthworks are expected in order to form level building platforms.

We have been advised by the client that each houses stormwater is to be collected in rain tanks while it
is proposed to manage wastewater on site using an onsite disposal system for each new dwelling.

4  FIELD INVESTIGATION

Our field investigation was undertaken on 28" September, 1t October and 18t December 2018 and

comprised:

o A site walkover by a CMW Engineering Geologist to assess the general landform and site
conditions.

o Eight hand auger boreholes, denoted HA01 to HA08, carried out using a 50mm diameter auger to

depth of up to 5.0 metres below existing ground level to visually observe the near surface soil
profile in the locations of proposed house platforms. In-situ shear strength measurements were
recorded in cohesive material at regular intervals using a hand-held shear vane apparatus during
boring of the hand augers. Dynamic cone penetrometer (DCP) testing was carried out where sands
were encountered to determine the relative density of the materials encountered.

Engineering logs of the hand auger boreholes are provided in Appendix B. Soils were logged by a CMW
geotechnical engineer in general accordance with NZGS guidelines’.

Boreholes were located using hand held GPS equipment and RL determined by interpolation from the
McCracken Survey Plan ref: 13246, dated July 2018.

The approximate locations of the respective exploratory holes referred to above are shown on Figure 01.

5 GROUND MODEL

5.1 Geological Setting

The geological map of the area? indicates the low-lying portion of the site is underlain by Holocene aged
swamps deposits (peats and silts) of the Piako Subgroup while the hills along the eastern boundary are
shown to be underlain by Pleistocene aged fluvially reworked volcanic sourced material (silts, clays and
sands) of the Walton Subgroup.

Elevated areas in the Hamilton area are typically mantled by several metres of volcanic ash comprising
interbedded clays, silts and sands of the Hamilton Ash and the Kauroa Ashes.

5.2 Geomorphology

The site can be broadly classified into two main landform zones.

The first zone comprises low-lying alluvial flats which make up the majority of the site.

The flats gently grade from RL 27 metres at the southern boundary to RL 22 at the northern boundary.
There are number of drains and ponds scattered across the low-lying areas indicating a shallow

1 NZ Geotechnical Society, “Field Description of Soil and Rock” December 2005

2 Edbrooke, S.W. (compiler) 2005: Geology of the Waikato area. Institute of Geological & Nuclear Sciences 1:250000 geological
map 4.
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groundwater table. Water in the drains was approximately 1.0m below ground level at the time of our site
visit.
The second landform zone comprises the elevated hills situated along the eastern boundary and in the

south western corner of the site. Within the site the slopes grade towards the north and west at gradients
generally between 3 to 25 degrees, with localised steepening within Lots 2 and 6.

Downslope gradients nearby the proposed building platform in Lot 6 are less than 11 degrees whilst
maximum upslope gradients are approximately 23 degrees with overall slope heights of up to 6 metres.

Within Lot 2 downslope gradients of 25 to 45 degrees are present with a total slope height of up to 7
metres.

Beyond the eastern boundary of the site slopes steeply rise to elevations of up to RL 69.5m with numerous
arcuate slip features.

The site has been previously used as a golf course therefore it is likely that some parts of the site have
been modified to the current landform seen today.

5.3 Soil Stratigraphy
The boreholes generally confirmed the anticipated geology across the site.

All the boreholes encountered topsoil of between 100mm and 300mm thickness, except HAO7 where no
topsoil was encountered.

Uncontrolled fill consisting of stiff clayey silt associated with previous land use was encountered in
borehole HAO7 to a depth of 0.7 metres below ground level. The fill was underlain by a 100mm thick
buried topsaoil.

5.3.1 Low-Lying Zone

Borehole HAQ5 (potential northern platform Lot 10) encountered swamp deposits consisting soft to firm
peat to a depth of 4.0 metres below ground level. The peat was found to be underlain by stiff to very stiff
silt with a proven thickness of at least 1.0 metre.

Nearby, borehole HAO6 (Lot 1) encountered soils of the Hinuera Formation which included stiff to very
stiff sandy silt to a depth of 1.1 metres underlain by loose to medium dense silty sand becoming dense
below 3.3 metres. Like borehole HAO5 very stiff silt was encountered at a depth of 4.4 metres.

Within Lot 4, borehole HA08 encountered stiff silt to a depth of 1.2 metres underlain by medium dense to
dense silty sand with a proven thickness of at least 1.4 metres where hole collapse due to saturated sand
terminated the borehole.

5.3.2 Elevated Area

Within borehole HAO2 (Lot 6) and HAO7 (Lot 2) interbedded stiff to very stiff silts and clays (Hamilton and
Kauroa ashes) were encountered to a depth of 1.5 and 1.7 metres respectively.

Beneath the ashes and from beneath the topsoil in HA01 (Lot 7), HAO03 (Lot 5) and HA04 (Lot 10) stiff to
very stiff clays and silts (Walton Subgroup) were encountered to the base of all boreholes. Shear vane
readings in the cohesive materials ranged from 61 kPa to greater than 200 kPa (maximum value) with an
average of 140 kPa.

Medium dense sand was encountered in HA04 at a depth of 2.3 metres.

Engineering logs of field investigations can be found in Appendix B and are summarised in Table 1 below.
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Table 1: Soils Encountered
Hand Auger Lot Number Landform Zone Approximate Soil Type
Borehole No. RL (m)
HAO1 7 Elevated 28.3 Stiff to very stiff
Clay
HAO02 6 Elevated 36.5 Stiff to very stiff
Silt/Clay
HAO3 5 Elevated 29.0 Stiff to very stiff
Silt/Clay
HAO04 10 Elevated 38.0 Stiff to very stiff
Silt/Clay and
medium dense
Sand.
HAO05 Potential Platform Low-Lying 24.0 Soft to firm Peat
(Lot 10)

HA06 1 Low-Lying 25.6 Stiff to very stiff
sandy silt and
loose to dense

sand.

HAO07 2 Elevated 36.0 Stiff clayey silt
uncontrolled fill

and very stiff
clay/silt.

HAO08 4 Low-Lying 28.0 Siiff Silt and

Dense Sand.

5.4 Groundwater

5.41 Low-Lying Areas

On the low-lying areas groundwater was encountered at approximately RL 23.2, 24.7 and 27.2 metres in
boreholes HA05, HA06 and HA08 respectively. The elevation observed in these lower boreholes are
similar to water levels observed in nearby drains and is thought to represent the local groundwater level.

5.4.2 Elevated Areas

In the elevated areas groundwater was only encountered in HA04 at a depth of 2.0 metres. We consider
that this is likely to represent a perched groundwater table within the silty sand layer encountered in that

borehole from a depth of 2.2 to 2.9 metres.

Due to the layered soil stratigraphy, there is potential for elevated pore water pressures to develop within
higher permeability layers such as the silty sand present in HA04 during times of intense and prolonged

rainfall.
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6 ENGINEERING EVALUATION AND RECOMMENDATIONS
6.1 Liquefaction Potential

6.1.1 Introduction

Liquefaction is a process in which loose saturated cohesionless soils are subject to temporary, but
essentially full, loss of strength due to incremental pore pressure build up under reverse cyclic shear
loading generated during an earthquake. As a consequence of this temporary strength loss, the liquefied
soil can deform and settle. Case histories show that liquefaction is limited almost exclusively to
geologically recent Holocene aged (<11.5 ka) saturated, fine to medium grained sands and low plasticity
silts.

6.1.2 Low-Lying Floodplain

A detailed liquefaction assessment of the low-lying floodplain has not been carried out, although a shallow
water table combined with loose to medium dense silty sand highlights the potential for liquefaction to
occur within Lots 1 and 4.

Cone penetration testing (CPTs) of the saturated loose to medium dense silty sands close to the surface
beneath the proposed house platforms within Lots 1 and 4 is required at the detailed design stage to
confirm the liquefaction risk.

Potential construction methods for mitigating the effects of potential liquefaction may include piling of the
house foundations or construction of a raft type foundation with or without ground improvement works.
Foundation requirements are to be confirmed during detailed design of the house foundation.

Further assessment of liquefaction should be included as a condition of obtaining building consent.

6.1.3 Elevated Area

In the elevated area the groundwater table generally appears to be deeper than 3m beneath ground level
except near the location of the southern building platform within Lot 10 where a possibly perched water
table was encountered at a depth of 2 metres. The presence of saturated medium dense sand in this
location indicates a potential for liquefaction therefore we recommend further assessment to be carried
out at detailed design.

Investigations near building platform locations within Lots 2, 5, 6 and 7 indicate the presence of stiff to
very stiff high plasticity clays and silts of the Walton Subgroup suggesting a substantial crust of non-
liqguefiable material may mantle these locations.

Work by Ishihara (1985)3 with respect to assessing the contribution of a non-liquefiable crust and the risk
of surface manifestation of liquefaction indicates that the risk of unacceptable liquefaction induced
damage to buildings supported above a thick non-liquefiable crust is considered to be very low for a ULS
seismic event and an Importance Level 2 (IL2) building.

6.2 Slope Stability

6.21 Lot2

Slope gradients near the building platform within Lot 2 range between approximately 25 to 47 degrees
with vertical heights of up to 7 metres, which are considered unlikely to meet the factor of safety for NZ
building code.

For preliminary design in these soils types an upslope regression gradient of 1:2.5 (vertical to horizontal)
projected from the toe of the slope provides a conservative design approach in the absence of detailed

3 Ishihara, K., (1985) “Stability of Natural Deposits During Earthquakes,” Proc. Of the Eleventh International Conference on Soil
Mechanics and Foundation Engineering, San Francisco, 12- 16" August 1985, Vol. 1, Theme Lectures Conferences, pp321- 376.
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slope stability analyses. This has been shown to offer an acceptable factor of safety with respect to deep
seated slope instability.

6.2.2 Lots1,4,5,6,78&10

Based on the shallow slope gradients observed surrounding all other building platforms and the suitable
set back from over steepened slopes the building platforms within Lots 1, 4, 5, 6, 7 and 10 are considered
to be at low risk of deep-seated instability.

6.3 Building Restriction Line

Figure 01 shows a building restriction line (BRL) within Lot 2 based upon a 1:2.5 (vertical to horizontal)
regression line extended from the toe of the slope to the north of the building platform to identify an area
of the site considered suitable for residential building development based upon the existing landform.
This BRL has been extended to the western lot boundary above the crest of the steeper sloping land.

Unless supported by further geotechnical investigation and analysis by a suitably qualified engineer all
building and earth fill construction should be located entirely on the upslope side of the BRL on account
of land instability considerations.

Furthermore, any consented structures that may project over the BRL may be cantilevered from the land
upslope of the BRL or have engineered design foundations (such as piles) that account for the presence
of the steep slope.

The final location of this BRL must be confirmed once the final proposed landform is known.
6.4 Bearing Capacity for Shallow Foundations

6.41 Low-lying Areas

In Lot 1 the near surface soils predominantly consist of stiff to very stiff sandy silt and loose sands. In this
location specific engineer designed foundations with a reduced bearing pressure, piled foundations or
ground improvement works may be required subject to the findings of further analysis.

Due to the presence of stiff silt and dense sand the building platform within Lot 4 should be able to provide
a geotechnical ultimate bearing pressure of 300kPa for shallow foundation systems (continuous and/or
pad foundations) that are designed in accordance with NZS3604 subject to the findings of further analysis.

Based on the thick peat deposits encountered during our investigation the potential northern building
platform within Lot 10 is considered unsuitable for shallow foundations and would require piled
foundations or ground improvement works. Based on the presence of peat soils in the location of the
potential northern building platform within Lot 10 has been not included in the subdivision.

6.4.2 Elevated Areas

At this stage building platform design levels are unknown although based on the findings of our
investigation the soils across the elevated areas should be able to provide a geotechnical ultimate bearing
pressure of 300kPa for shallow foundation systems (continuous and/or pad foundations) that are
designed in accordance with NZS3604.

Stiffened raft type foundations (eg. RibRaft) are also considered suitable.

The uncontrolled fill (to a depth of 0.7 metres) and buried topsoil present near the building platform within
Lot 2 is not considered suitable to support shallow foundations and should be undercut along with any
other uncontrolled fill materials encountered and replaced with suitably compacted fill to achieve a 300
kPa ultimate bearing pressure.

Undercuts may be backfilled with onsite cut materials, imported sand or hardfill compacted to engineer
certifiable standards.
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It will be necessary to re-assess bearing pressures at time of Building Consent once platform levels are
known.

6.5 Static Settlement

The building platform within Lot 1 encountered loose sand which is potentially compressible indicating
that there is potential for significant levels of settlement to occur under foundation loads. We believe that
with further investigation and detailed design of the foundations this settlement risk can be mitigated using
conventional methods.

Based on the presence of stiff to very stiff clays and silts and medium dense sands at the building
platforms within Lots 2, 4, 5, 6, 7 and 10 we expect settlements to be within Building Code limits for
foundations designed in accordance with NZS3604.

6.6 Stormwater Soakage

Site specific assessment of on-site soakage has not been carried out at this stage as exact building
platform locations and levels have not been finalised.

In the elevated areas, based on the clays and silts encountered in our investigation, permeability is
expected to be low and we do not recommend soakage to ground.

Due to the shallow groundwater encountered on the low-lying areas soakage to ground is expected to be
limited.

We understand from discussions with the client that roof runoff is to be collected using on site storage
tanks. These tanks should be designed with a low-flow orifice to enable attenuation of heavy rainfall
events. Overflow structures are proposed to feed into existing ponds located near proposed building
locations. It is our understanding that council have approved this methodology of stormwater disposal.

Detailed design of stormwater systems for each lot will be required at the time of Building Consent based
on total impervious areas.

6.7 Wastewater
On-site wastewater disposal is required as there is no existing reticulated wastewater system.

Dwelling occupancy is unknown at this time therefore a wastewater design has not been carried out.
Based on our investigation the low-lying areas due to the shallow water table may require advance
aerated systems. On the elevated areas it is expected that either conventional shallow trenches or
advanced aerated systems would be suitable.

The design of wastewater disposal measures should be carried out by a suitably qualified person prior to
the Building Consent application.

6.8 Earthworks

Based on the proposed building platform locations earthworks are expected to comprise minor cuts and
fills of the order of 1 to 2 metres to form level building platforms and driveways. Batters are to be formed
at suitable gradients following engineering assessment at detailed design stage.

The majority of cut material won from site is expected to consist of clays and silts of the volcanic ashes.
These are typically close to optimum moisture contents during summer earthwork conditions and
therefore are generally expected to be suitable for placement as engineered fill with appropriate
conditioning to control moisture contents and enable compaction. Earthfill should be placed in accordance
with NZS4404 and NZS4431 under the supervision of a suitably qualified engineer.

As stated in Section 6.3, we recommend that any uncontrolled fill, soft soils or unsuitable material should
be undercut prior to the placement of fill.
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Cut to fill earthworks on the site are generally expected to be relatively straight forward using conventional
earthworks equipment and techniques.

Earthworks recommendation are to be confirmed by the design engineer for each individual lot at the time
of Building Consent.

7  SUMMARY

Based on our assessment and investigation we consider that the site is suitable for the proposed rural-
residential subdivision development provided our recommendations are followed.

A geotechnical ultimate bearing capacity of 300 kPa is generally expected at shallow depth for elevated
areas.

Further CPT investigation should be undertaken at Building Consent stage for building platforms within
Lots 4 and 10 to assess liquefaction and allow detailed design of foundations if required.

Further CPT investigations should be undertaken at Building Consent stage for the building platform
within Lot 1 to assess the potential for liquefaction, static settlement and allow detailed design of
foundations. Local undercut and backfill with suitable approved compacted fill may be required in areas
where uncontrolled fill or otherwise unsuitable soils are present or where soil strengths are variable.

Accordingly, a consideration of this report and further site-specific investigation of the ground conditions
at each Lot should be carried out at Building Consent stage.

8 LIMITATIONS

This report has been prepared solely for the use of our client, Singleton Family Trust, their professional
advisors and the Waikato District Council in relation to the specific project described herein. Liability for
its use is limited to these parties and to the scope of work for which it was prepared as it may not contain
sufficient information for other parties or for other purposes.

It should be noted that factual data for this report has been obtained from discrete locations using normal
geotechnical investigation techniques. As such investigation methods by their nature only provide
information about a relatively small volume of subsoils, there may be special conditions pertaining to this
site which have not been disclosed by the investigation and which have not been taken into account in
the report. If variations in the subsoils occur from those described or assumed to exist then the matter
should be referred back to CMW immediately.

For and on behalf of CMW Geosciences

Prepared by: Reviewed by:
Lance Knauf Kori Lentfer
Engineering Geologist Associate Engineering Geologist

Authorised by:

NS x
Ken Read
Principal Geotechnical Engineer CMENZ
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Attachments:  Figure 01 — Geotechnical Investigation Plan
Appendix A — Development Plans
Appendix B — Hand Auger Borehole Logs
Appendix C — Natural Hazards Risk Assessment

Distribution: 1 copy to Graham Singleton (electronic)
Original held by CMW Geosciences

CMW Geosciences 9

Document Set I&%M%MB-N 12AB Rev 1
Version: 1, Version Date: 30/05/2019



GEOTECHNICAL INVESTIGATION REPORT - 635 WHATAWHATA ROAD, HAMILTON 21 DECEMBER 2018

Figures

CMW Geosciences 2

Ref. HAM2018-0112AB Rev 1
Document Set ID: 2254913

Version: 1, Version Date: 30/05/2019



CLLO-8LOZWYH

-103rodd

NOLTINVH
‘avoN VLVHMV.LVHM SE9

SONIATING ONILSIX3

i

0sZ ooz 0SL 0oL 0s 0

W¥041v1d ONITTING 3AILYOIONI

“ATNO ILYWIXOY¥ddY 34V SNOLLYDOT LS3L  “» HLM A¥YANNOS 107 d3S040¥d

‘8102 ¥38W303a

0Z SAIAYNS NINOVHIIN A8 03AINO¥d LNOAVT NOISINIQENS '€
"STYAN3LNI WS'0 NI 3V ONY Nv1d

IWIHOS SAIAUNS NIHOVHIIW NO NMOHS SY F¥Y SHNOLNOD T
'8L0Z AINF 31VA '9vZEL ‘434 NV 1d

3N3HOS SAIAUNS NINOVHIIN WOYH 03LdVaAV NVId 3svE L

‘S3LON

041V7d ONITTING
VILNILOd

PP ]

£/

AN3W3SV3
AVMSS300V a3s0dodd

(748) 3N NOILOIMLS3Y
ONIQING WM3dd

SNivda  >——>

anNod

NOILYDOT (vH) ¥39NY ANYH

O
LovH €

AYVONNOE 3LIS ——

‘aN3931

Document Set ID: 225491
Version: 1, Version Date: 30/05/2019




GEOTECHNICAL INVESTIGATION REPORT - 635 WHATAWHATA ROAD, HAMILTON 21 DECEMBER 2018

Appendix A

Development Plans

CMW Geosciences 3
Ref. HAM2018-0112AB Rev 1

Document Set ID: 2254913
Version: 1, Version Date: 30/05/2019



|9v2e1424214] 2V 000F:T | 810z Anc 2ioq]  paooul ] g P Sokenins Buneauiius
o ses| s pepew| on wei 2|Dpsulq 'ppoy DIDYMDIDYM GE9 ey 3 s ATAUNSNINOYYIOW
¥2€ NOLIIWVH ‘28161 X0g "O'd =
12921 SdQ 2% [ si07 jo up|d Po0g] UOLION 5
T e ety e i e I R =D A N SR R TR N - ‘ ,

240Q J0A3AJNG [DUOISS3 404 PaJaysibay

*asodund Jay40 Aup Jo4 pasn 2q 4ou pjnoys pup

1661 42V Juawaboubyy 224n0s3y 2yi Jo suoisirodd ayy Japun
4Ua5U0D 2.n0523y D 404 3w Aq pa.pda.d uaaq soy upjd siyy
40y} A114433 AGaJay OP ‘U0ADAING |DUOISS 4044 Pa.alsibay
‘U252D4)d\y UOUIAA PIADQ ‘T

uoyabuis ‘W ‘s p "9 i(s)4aumQp paJaysibay
289/801VS ? £89/801VS 2514do)
°H 9899°'Gt 24V [D4OL

Dpady juawabouoyy |pai6ojod]
auoz

*A2Adns 04 193(qNs 2.1D SUOISUBWIP ¥ SDaJY 240N

d $214451Q OLDYIDM Y4 Ul paij1aads syDq4as
Buipjing ay4 Buipn|axa pup| ay4 ||o st
umoys pup| 3y} uiyiim adojauz g 241 240N

‘8102 AJDNUga Ul Pa4o2||03 1 040y [Dlday
WG'Q = IN0LU0Y Jouly
wQT = Jdno4uo) Joloyw

42U JNoJuo)

"Q3AYISTY LHITIAJOD * O4DHIDM Juawiuoiu]
Wouy paounos 4op Yy QI (£002 STIM)
2002 221A423S ¥y QI [Du0IB3Y 04DHID - SJN0LU0D

2254913

Version: 1, Version Date: 30/05/2019

Document Set ID




9%281 334 911d| 2 0001 | 8102 0 a1oq] . e iohanins Aupiauiius g pury
L0 _saumg g!ﬂm N_UUWC_ D ¢ UUON_ U._.UI\SU._.U_«_\S Geo9 £601 8+8 (£0) :2uoyg SATFAUNSNINOVHOON
'p47 2bpL1uzH UoL2|bUIS 'S B 9 =

£2921 SdQ 2 9 1 5407 40 UoisiApgng pasodo.g i

II

P47 SABNING UBHIDUDIW 40 JUBSUOD Jorud 2y INONLIM PIIRPOIdaL by
2 Jou A 4T P47 SAIAUNG uanauaVY J0 Ajuadoud Dy upowiad unid S1y; uo umoys
UoNDULIOJU B 0 S4Bl Atiadoud |Dniaayasul puD JyBuAdes Uy 1L HOTUAGDD

\

JUN (39
e ¥ AR

.‘.:
—

SjuzWpuaWy

J0A2AUNG |DUOISS240.4 PaURLsIBaYy

“asodund Jay4o Auv Joj pasn aq jou pjnoys puo

1661 49V 4uawabouply 224n0say a4} 40 suoisinoad Yy Japun
1UasuoD 32.nosay  Jo4 2w Aq pa.odaud uzaq soy uojd siy)
4044 A31432 Agaday op ‘JoAaAdng [DUDISSDS0U4 pauDLsIBaY
‘u2>{aD472W UouJsaA piADQ ‘T

b0 uoalBuIS 'SP g :(s)uaump pauaysibay
289/801VS ¥ £89/80IVS :uy pastudwo)
OH 9899°G{ D3y [D4O]

2u07 [pJny 3u0Z

“Aanns o) 1927qns 2.0 suoisuBWIP P SDAJY 210N

“up|d 4914451Q O4DYID/N 2U4 Ul Palidads syangyas

‘8102 AJon.gad Ut pajaa)|od st 040U |PLiaY
WG'Q = JIN0LUOY Joulyy

wg = Jnosuo) Jofoyy

|PAJ24uT Unojuo)

"Q2AYISIY LHITUAIOD * O4OHID/ JuRu0 AU
o4 Pa2n0s DIDP YyQIT (£002 STIM)
£00Z 221A42G Yy QT [U0iBY 040D/ - Sano4uo)

an=] poojd paysity W

uoa.ay oF 407| uoauay z 107 I 1240 Aamuod o4 Jybry
uo2Jay ¢ s407|uoauay f 407 l
uoauay 9 107 [uoauay g7 407, H

yoo Y P Dipay Jaindwioy
04 G 510
e 'spg 'Ap1ioal3
24D\ A2AU0D
04 41y ¥ Aom 4o 4y

Version: 1, Version Date: 30/05/2

Document Set ID: 225491




GEOTECHNICAL INVESTIGATION REPORT - 635 WHATAWHATA ROAD, HAMILTON 21 DECEMBER 2018

Appendix B
Hand Auger Borehole Logs
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BOREHOLE LOG - HA01
Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 WGGOSCIGHCGS
Date: 28/09/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: NWB Position:  E.439423.4m N.697393.8m Elevation: RL 28.30m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
= ar 3 Dynamic Cone Structure & Other Observations
ko) Samples & Insitu Tests = 9 Material Description vc|BE| |2 Penetrometer
= g Sy £ : Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; SONs 8 g 35 (Blows/100mm) Discontinuities: Depth; Defect
§ B = £ £ itivity; additional . (origi logical unit) Bo(vg|]§ =g | Number; Defect Type; Dip; Defect
3 x g & | Rock: Colour; fabric; rack name; additi (origi 2 3 2.2 & 23 5 Shape; Roughness; Aperture; Infill;
1G] Depth Type & Results Q unit) 3 % = 10 15 Seepage; Spacing; Block Size;
14 a Block Shape; Remarks
283 OL: Organic SILT; dark brown. ]
28.2 (Topsoil) — |
CH: CLAY; brownish orange. High plasticity, moderately 1
sensitive. 1
03 | Peak=195kPa (Hamilton Ash) ]
Residual = 64kPa i
278 Dto 7l
: CH: CLAY; white mottled orange. High plasticity, M i1
0.6 Peak = >200kPa moderately sensitive. 2]
Residual = 81kPa (Walton Subgroup) Vst g
27.5 - 2 - ]
Clayey SILT with trace medium sand; white mottled ]
0.9 Peak = 160kPa orange. High plasticity, moderately sensitive to sensitive. 4
Residual = 29kPa (Walton Subgroup) 5
1.2 Peak = 73kPa ERE] ]
Residual = 20kPa 4
15 Peak = 84kPa & | HA ]
Residual = 23kPa 4
1.8 Peak = 122kPa ]
Residual = 35kPa 4
M 1
Stto 1
21 Peak = 122kPa 4
Residual = 35kPa vt -
24 Peak = 119kPa ]
Residual = 29kPa 4
27 Peak = 81kPa :
Residual = 23kPa B
0 2 : ]
2 RZ§?§UE,1J‘§2'$3 A7 Borehole terminated at 3.0 m J
4 —| .
5 =]
Termination reason: Target depth.
Remarks: Groundwater not encountered. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.
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Client: Singleton Heritage Trust - >
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 WGeosciences
Date: 28/09/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: NWB Position: ~ E.439852.6m N.697394.2m Elevation: RL 36.50m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
= e ) 3 Dynamic Cone Structure & Other Observations
k] Samples & Insitu Tests P 2 Material Description wc| 22| »| 2 Penetrometer
= g el A Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 58|58|¢8|38 (Blows/100mm) Discontinuities: Depth; Defect
2:(=3 Sl sl E tivity; additi (origin/geological unit) 23 |Ze| 8|28 Number; Defect Type; Dip; Defect
3 [ 3 @ |Roack: Colour, fabric; rack name; additional comments. (origin/geological é‘ 8 22 & E'u’; Shape; Roughness; Aperture; Infill;
15} Depth Type & Results [0} unit) 3 % E 5 10 15 Seepage; Spacing; Block Size;
o = Block Shape; Remarks
36.5 OL: Organic SILT; dark brown. E
304 A% )( ML: SILT with some clay; brown. Low plasticity, sensitive. ]
1 % x| (Hamilton Ash) d
03 | Peak=134kPa 15 2 i
Residual = 29kPa 4 XX Vst ]
4 s g
1 % X i
IX X x|
s Feak=lTe 2o ML: Sandy SILT with minor clay; greyish brown. Sand, fine H ]
35.8 to medium. o=l ]
(Hamilton Ash) 4
CH: Silty CLAY with trace fine to coarse sand; brownish i
0.9 Peak = 175kPa orange. High plasticity, moderately sensitive; sand, |
Residual = 47kPa pumice, quartz. ]
q (Kauroa Ashes) —
Dto | Stto T
M | vst 1
1.2 Peak = 73kPa 4
Residual = 21kPa B
5 18 ]
2 RF;es?dkuaILa%iga 220 CH: CLAY with trace fine to coarse sand; orange. High S| A 1
plasticity, moderately sensitive; sand, pumice, quartz; 4
contains trace 20mm lenses of pumiceous sands. 1
(Walton Subgroup) E
1.8 Peak = 172kPa i
Residual = 81kPa ]
vst i
241 Peak = 166kPa :
Residual = 58kPa ]
343 SW: Silty fine to coarse SAND with minar clay; light ]
34.2 orange mottled orange. Well graded; pumiceous. — i
Walton Subgroup) e
24 Rpe?: =|1_112‘;’:(; ML: SILT with some fine to coarse sand and minor clay; ]
oA g coXif white mottled brownish orange and mottled black. Low 4]
plasticity, sensitive. i
(Walton Subgroup) M | stio g
27 Peak = 85kPa Vst ]
Residual = 15kPa i
3.0 = 61kP: _ 2
RE:;’E,EI =11 5kapa 37 Borehole terminated at 3.0 m |
. ]
5 —| 2]
Termination reason: Target depth
Remarks: Groundwater not encountered. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.
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Version: 1, Version Date: 30/05/2019



BOREHOLE LOG - HA03

Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd

Site Location: 635 Whatawhata Rd, Hamilton CM
Project No.: HAM2018-0112 w
ol Geosciences

Date: 28/09/2018

Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: NWB Position:  E.439700.6m N.697597.1m Elevation: RL 29.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
. oy 3 Dynamic Cone Structure & Other Observations
ko) Samples & Insitu Tests = 9 Material Description wc| 22| 2|2 Penetrometer
= g = £ :‘) Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52|68 g|3 5 (Blows/100mm) Discontinuities: Depth; Defect
§ ¥k ST ﬁ = itivity; additi igi ical unit) 2T (B 3 =g Number; Defect Type; Dip; Defect
Hi 4 @ & | Rock: Colour, fabric; rock name; additional comments. (origin/geological 2 8 2 % ] 23 510 15 Shape; Roughness; Aperture; Infill;
15} Depth Type & Results =) @ unit) 38 ° z 1 Seepage; Spacing; Block Size;
L2 o Block Shape; Remarks
29.0 OL: Organic SILT; dark brown. 3
28.9 (Topsoil) ]
GP: Sandy fine GRAVEL; greyish brown. Poorly graded; §
28.8 sand, medium to coarse. =ag] ]
03 Peak = 157kP: (Uncontrolled Fill) ]
Reesidum = 52k:a CH: CLAY with minor silt and trace fine sand; light orange J
mottled orange. High plasticity, moderately sensitive; E
quartz. T
(Walton Subgroup) ]
0.6 Peak = 175kPa 1
Residual = 73kPa 1
Dto ]
M
0.9 Peak = 145kPa -
Residual = 44kPa L -
2 ’;Z;ﬁ;?iofv'f:a 218 CH: Silty CLAY with trace fine to medium sand; light 1
orange mottled white and orange. High plasticity, i
moderately sensitive to sensitive. E
(Walton Subgroup) ]
15 Peak = 151kPa 8| HA Al
Residual = 44kPa g
27.3 - - - ]
MH: Clayey SILT with trace fine to coarse sand; white q
1.8 Peak = 61kPa mottled orange. High plasticity, moderately sensitive to i
Residual = 20kPa sensitive. 1
(Walton Subgroup) 1
241 Peak = 108kPa ]
Residual = 20kPa 1
298 ML: SILT with some clay, minor fine to coarse sand, and ]
trace fine to medium gravel; light grey mottled orange. St 4
oty i S o
Low plasticity, moderately sensitive to sensitive; sand, M| Vst E
24 Peak = 79kPa pumice, quartz 4
idual = 26kPa ; ; e
Resh (Walton Subgroup) |
27 Peak = 108kPa ]
Residual = 20kPa B
B0 | < ek she ] Borehole terminated at 3.0 m =]
4 — tal
5 = =
Termination reason: Target depth.

Remarks: Groundwater not encountered. Shear vane no. 1911.

This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.

Document Set ID: 2254913
Version: 1, Version Date: 30/05/2019



Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 Geosciences
Date: 28/09/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: NWB Position:  E.439743.9m N.697769.8m Elevation: RL 38.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
= 2 5 Dynamic Cone Structure & Other Observations
kol Samples & Insitu Tests = 2 Material Description wc|BE| |2 Penetrometer
S g B E o Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52858 g 5 (Blows/100mm) Discontinuities: Depth; Defect
é c & s = itivity; additional igi ical unit) b3 |Boe|§ =g Number; Defect Type; Dip; Defect
3 4 @ § Rock: Colour; fabric; rock name; additional comments. (origin/geological EQ S 2 % & 2a 5 0 5 Shape; Roughness; Aperture; Infill;
& | Depth Type & Results a (5} unit) Se = 1 1 Seepage; Spacing; Block Size;
o a Block Shape; Remarks
38.0 OL: Organic SILT; dark brown. 4
37.9 Topsoil) SRt ]
CH: Silty CLAY; brown mottled orange. High plasticity, 4
sensitive. ]
03 | Peak=105kPa (Walton Subgroup) Vst d
Residual = 24kPa 4
37.5 —— - - - — 2]
CH: CLAY with minor silt and minor fine sand; light grey 1
0.6 Peak = >200kPa mottled orange brown. High plasticity, sensitive, contains 3
Residual = 45kPa minor 20-30mm inclusions of dark brown sandy silt and E
dark reddish brown pumiceous fine to coarse sand; T
quartz. ]
(Walton Subgroup) o 3
0.9 Peak = >200kPa M° ]
Residual = 111kPa 4
H -
12 | Peak=>200kPa ]
Residual = 47kPa 4
= = 7
L Eals ik 02 d CH: CLAY; light grey mottled orange brown. High SfhiA ]
4 plasticity, sensitive, contains minor 40-80mm inclusions of i
1 dark orange brown fine to coarse sand. 5
] (Walton Subgroup) ]
1.8 Peak = 163kPa e ] B
Residual = 21kPa =1 Vst i
1 o 1
v el iz 2l
241 Peak = 157kPa - ]
Residual = 20kPa fy P B
558 SW: Silty fine to coarse SAND; brown. Well graded. 2 ]
(Walton Subgroup) i
3 4
s 4 i
Lto i
MD 4 ]
5 =
4 ol
5 .
sl i ML: SILT with some fine to coarse sand; light brown. Low Vst ]
3.0 Peak = 143kPa 3 plasticity, sensitive. ]
Residual = 20kPa 9 (Walton Subgroup) 1
] Borehole terminated at 3.0 m ]
4 o] ]
5— —
Termination reason: Target depth.
Remarks: Groundwater encountered at 2.0m. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.

Document Set ID: 2254913

Version: 1, Version Date: 30/05/2019



Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 WGeosciences
Date: 01/10/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 2
Logged by: NWB Position: ~ E.439345.6m N.698167.6m Elevation: RL 24.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
= o2 35 Dynamic Cone Structure & Other Observations
i) Samples & Insitu Tests = 2 Material Description vc| 28| |8 Penetrometer
= g E E j Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52|88 g 35 (Blows/100mm) Discontinuities: Depth; Defect
g B 57 £ = itivity; additional igi logical unit) 5o (@ |8 =g Number; Defect Type; Dip; Defect
3 4 @ & | Rock: Colour; fabric; rock name; additi (origi 2 3 22 kS 2a Shape; Roughness; Aperture; Infill;
1G] Depth Type & Results (=} [0} unit) S % ] 5 10 15 Seepage; Spacing; Block Size;
o = Block Shape; Remarks
24.0 OL: Organic SILT; dark brown. 3
(Topsoil) § ]
23.8 M ]
i Pt. PEAT; dark brown. Some decomposed wood ]
0.3 Peak = 29kPa 4 inclusions. ]
Residual = 9kPa 9 (Recent Alluvium) I
0.6 Peak = 43kPa ] w ]
Residual = 6kPa 1 4
v 2 i | ]
0.9 Peak = 15kPa : ]
Residual = 6kPa E i
1. =]
I ,\!/T 4
A e o :
1.5 Peak = 17kPa —- . -_
Residual = 9kPa 1 4
Tor 4 ]
2 — Al —
A e b
241 Peak = 41kPa Tas sl StoF| v B
Residual = 20kPa Talt b
1. | ... from 2.20m to 2.30m, lens of grey medium to coarse ]
4 sand N
_-" HA o
s ]
3.0 Peak = 15kPa =
Residual = 7kPa B
- .\\|l: :
A Al S ki
%0 RF;Z?:u—aﬂ:iﬁ;a 200 -4 ML: SILT; light blue. Low plasticity, moderately sensitive. ]
- (Hinuera Formation) 4
43 Peak = 52kPa ] ]
Residual = 26kPa 1 b
] Stto | o ]
_ vst | © ]
18 ] ML: SILT; grey mottled blue. Low plasticity, moderately H |8 ]
5.0 Peak = >200kPa 5 sensitive. = <]
Termination reason: Target depth.
Remarks: Groundwater encountered at 0.8m. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.

Document Set ID: 2254913
Version: 1, Version Date: 30/05/2019



Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 MWGeosciences
Date: 01/10/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 2 of 2
Logged by: NWB Position: ~ E.439345.6m N.698167.6m Elevation: RL 24.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum: ~ Mount Eden 2000 Angle from horizontal: 90°
o S 3 Dynamic Cone Structure & Other Observations
2 Samples & Insitu Tests = i Material Description oc| 38| x| 2 Penetrometer
= g | & 3 Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52(88|¢|3 5 (Blows/100mm) Discontinuities: Depth; Defect
§ 2 = £ = y; additional nts. (or unit) BT |Be|§ i 2 Number; Defect Type; Dip; Defect
B 4 o @ |Rock: Colour; fabric; rock name; additional comments. (origin/geological § 8 2 .E S| E @ 5 Shape; Roughness; Aperture; Infill;
15} Depth Type & Results =) ) unit) 3 ° =] 10 15 Seepage; Spacing; Block Size;
o a Block Shape; Remarks
4 (Hinuera Formation) ]
g Borehole terminated at 5.0 m g
6 —| ]
7 — Al
8 — ]
9 —| ]
10 ] 2]
Termination reason: Target depth.
Remarks: Groundwater encountered at 0.8m. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018,

Document Set ID: 2254913
Version: 1, Version Date: 30/05/2019




Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 Geosciences
Date: 01/10/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: NWB Position:  E.439516.5m N.698013.1m Elevation: RL 25.50m Hole Diameter: 50mm
Checked by: LYK Survey Source; Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
% o2 S Dynamic Cone Structure & Other Observations
i) Samples & Insitu Tests = g Material Description wc| 28| x| 2 Penetrometer
L g 3 £ = Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 58|688|¢|3 s (Blows/100mm) Discontinuities: Depth; Defect
§ 2 & -g = sensitivity; additional comments. (origin/geological unit) k7 ié Do 8 =g :] Number; Defect Type; Dip; Defect
2 4 o g Rock: Colour, fabric; rock name; additional comments. (origin/geological §° S 2.2 2 E’S 5 Shape; Roughness; Aperture; Infill;
5] Depth Type & Results a [0} unit) 3 % T 10 15 Seepage; Spacing; Block Size;
4 o Block Shape; Remarks
25.5 OL: Organic SILT, dark brown. i
25.4 (Topsoil) — i
SM: Sandy SILT, brown mottled orange. Low plasticity, &
sensitive; sand, fine to medium. 1
03 Peak = 116kPa (Hinuera Formation) ]
Residual = 29kPa o
M 4
Stto 1
0.6 Peak = 93kPa B
Residual = 20kPa VS i
v e i
0.9 Peak = 88kPa ]
Residual = 29kPa 4
2 SM: Silty fine to coarse SAND with minor fine gravel; light 2 ]
brownish orange mottled orange. Well graded. ]
(Hinuera Formation) 2 g
3 l
4 i
6 | ]
2 4
3 o
L 4
&3 4
2 4
2 4
234 SM: Silty fine to medium SAND; bluish grey. Poorly 2 3
graded. d
(Hinuera Formation) 3 E
2 A
18| HA 2 ]
e 4 ]
3 h
4 i
s MD D ]
4 A
4 H
5 4
8 | ]
22 SW. Fine to coarse SAND with some silt and trace fine 1 ]
gravel; bluish grey mottled dark brownish orange. Well R
graded. 10 E
(Hinuera Formation) 14 N
13 ]
13 E
) ] ]
I 3.9-4.0m: DCP data absent. -
7 ]
7 ]
o ]
| ]
21 ML: SILT; light grey mottled orange. Low plasticity, 6 ]
moderately sensitive. =]
(Hinuera Formation) 8 E
9 ]
Vst d
10 ]
_}_I ]
oo o] O || Feakoloiiba, d Borehole terminated at 5.0 m [ 7
Termination reason: Target depth
Remarks: Groundwater encountered at 0.8m. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.
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Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 WGeosciences
Date: 01/10/2018
Borehole Location: Refer to Figure 01. 125 Sheet 1 of 1
Logged by: NWB Position:  E.439641.4m N.697984.0m Elevation: RL 36.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
o -2 35 Dynamic Cone Structure & Other Observations
2 Samples & Insitu Tests = 2 Material Description wc| B8] 2 Penetrometer
& g T E ] Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52(&88|¢|2 & (Blows/100mm) Discontinuities: Depth; Defect
é’ 2 = = = itivity; additional igi ical unit 238 |%e| g =g ) Number; Defect Type; Dip; Defect
3 x @ & |Rock: Colour, fabric; rack name; additional comments. (origin/geological 2 3 22 2 2a Shape; Roughness; Aperture; Infill;
5] Depth Type & Results a [T} unit) 38 % =z 5 10 15 Seepage; Spacing; Block Size;
o a Block Shape; Remarks
36.0 ML: Clayey SILT with minor fine to medium subrounded i
gravel, brown mottled orange and black. Low plasticity, 4
moderately sensitive to sensitive; gravel, pumiceous. q
(Uncontrolled Fill) ]
0.3 Peak = 76kPa E
Residual = 20kPa M St -
0.6 Peak = 76kPa ]
Residual = 17kPa 4
892 OL: Organic SILT, dark brown. Low plasticity. ]
352 (Topsoil) 4
ML: SILT with minor clay; brownish orange. Low plasticity, 4
0.9 Pegk = 102kPa sensitive. g
Residual = 23kPa : (Hamilton Ash) _—
D il
1.2 Peak = 131kPa ]
Residual = 23kPa e
346 ——— - — ]
s ML: SILT with minor fine gravel; light brown. Low plasticity, k]
1.5 Peak = 166kPa 2 sensitive; gravel, orange, weathered pumice. S| Ha -
Residual = 35kPa + % %I (Hamilton Ash) = 1
343 - — vro ]
CH: CLAY; orange. High plasticity, moderately sensitive to i
1.8 Peak = 122kPa insensitive. i}
Residual = 44kPa (Walton Subgroup) Vst E
241 Peak = 189kPa ]
Residual = 93kPa B
M i
24 Peak = 183kPa 4
Residual = 84kPa 4
334 — . ]
ML: SILT with minor clay; yellowish orange mottled i
27 Peak = 183kPa orange. Low plasticity, sensitive. ]
Residual = 29kPa ] (Walton Subgroup) 5
40 o ks i 4] Borehole terminated at 3.0 m ]
4 — .
5 — ]
Termination reason: Target depth.
Remarks: Groundwater not encountered. Shear vane no. 1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.
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Client: Singleton Heritage Trust
Project: 635 Whatawhata Rd
Site Location: 635 Whatawhata Rd, Hamilton
Project No.: HAM2018-0112 Geosciences
Date: 18/12/2018
Borehole Location: Refer to Figure 01. 1:25 Sheet 1 of 1
Logged by: SMJ Position:  E.439548.0m N.697868.2m Elevation: RL 32.00m Hole Diameter: 50mm
Checked by: LYK Survey Source: Hand Held GPS Datum:  Mount Eden 2000 Angle from horizontal: 90°
= S 3 Dynamic Cone Structure & Other Observations
k) Samples & Insitu Tests = 4 Material Description we| B[ 2|2 Penetrometer
= g £ E = Soil: Soil symbol; soil type; colour; structure; bedding; plasticity; 52|(58|¢|z2 5 (Blows/100mm) Discontinuities: Depth; Defect
§ 5%} = g = itivity; additional . (origil logical unit) 28| 2o 3 =g Number; Defect Type; Dip; Defect
3 "4 2 @ Rock: Colour; fabric; rock name; additional (origi 2 3 2 % > 23 5 10 15 Shape; Roughness; Aperture; Infill;
o Depth Type & Results O unit) 38 ° = Seepage; Spacing; Block Size;
b4 (=} Block Shape; Remarks
28.0 73 OL: Organic clayey SILT: Dark brown. Low plasticity; ]
g with trace of rootlets. i
E (Topsoil) 2 E
. Il o
Ll B MIL: SILT with some sand: Light biue. High b ]
0.4 Peak = 93kPa 4 plasticity, moderately sensitive to sensitive; sand, M i
Residual = 23kPa 1 e. 2 .
2 ] (Hinuera Formation) » =
§ i ... from 0.40m to 0.90m, Becoming orange mottled grey. st ]
& k 2 g
& 1)} 2 ]
| o8 Peak = 93kPa 4 - -
Residual = 29kPa E 2 B
] .. at 0.90m, Becoming light grey. 3 ]
1 —
4 4 i
5 1 5 1
12 Reak<2200kke (20,8 J SM: Silty fine to coarse SAND: Orange. Well graded. 7 ]
. (Hinuera Formation) HA 4
c 7 2
7 i
9 ]
4 9 &
4 s i
] 10 ]
] .. at 1.80m, Becoming light brown. ]
B D 4
o 9 -
2 — |
] 8 | E
i 10 i
1 10 i
1" 4
10 1
A 17 l g
i Borehole terminated at 2.6 m 12 ]
] = ]
4 10 4
4 9 i
3 _
] 8 | 1
1 10 i
] 9 | 1
4 10 J
. 9 4
§ 9 i
4 8 -
4 10 i
W 11 4
. 10 .
4 — ]
. 10 m
4 10 o
i 10 .
i 14 ‘l 1
4 13 4
4 13 i
4 12 ot
i 12 i
1 13 i
4 15 .
— =1 o] =
Termination reason: Terminated due to hole collapse.
Remarks: Groundwater encountered at 0.8m. Shear vane number #1911.
This report is based on the attached field description for soil and rock, CMW Geosciences - Field Logging Guide, Revision 3 - April 2018.
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GEOTECHNICAL INVESTIGATION REPORT — 635 WHATAWHATA ROAD, HAMILTON 21 DECEMBER 2018

Appendix C

Natural Hazards Risk Assessment
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CMWGeosciences

APPENDIX C

NATURAL HAZARDS RISK ASSESSMENT FOR LAND SUBDIVISION
635 WHATAWHATA ROAD, RD4, HAMILTON

A. CONTEXT

Section 106 of the Resource Management Act (RMA) requires an assessment of the risk from natural
hazards to be carried out when considering the granting of a subdivision consent. $106 RMA specifically
states that the assessment must consider the combined effect of the natural hazard likelihood and
material damage to land or structures (consequence).

Section 2 of the RMA defines natural hazards as any atmospheric or earth or water related occurrence
(including earthquake, tsunami, erosion, volcanic and geothermal activity, landslip, subsidence,
sedimentation, wind, drought, fire or flooding) the action of which adversely affects or may adversely
affect human life, property, or other aspects of the environment.

This appendix to CMW report reference HAM2018-0112AB ReVO0 sets out the criteria for and presents
the results of an assessment of the following geotechnical-related natural hazards associated with this
proposed subdivision development:

(a) Earthquake,

(b) Erosion,

(c) Landslip,

(d) Subsidence,

(e) Sedimentation.

B. BASIS OF ASSESSMENT
B1. Risk Classification

The occurrence of natural hazards and their potential impacts on the proposed subdivision development
is assessed in terms of risk significance, which is based on likelihood and consequence factors. A risk
table is used to help assess the likelihood and consequence factors, the form of which used by CMW for
this project is presented in Table B1.

Table B1: Natural Hazard Risk Classification
Consequence
Insignificant Minor Moderate Catastrophic
1 2 3 5
Almost Certain | Medium High Very high
5 5 10 15
Likely Low - Medium High Very high
3 4 4 8 112 16
2 Moderate Low ~ Medium Medium High Very high
E 3 3 o 6 9 12 15
- Unlikely Low Medium Medium High
2 4 6 : 8 10
Rare Low Low Medium

WWW.cmwgeosciences.com




QUALITATIVE NATURAL HAZARDS RISK ASSESSMENT — 635 WHATAWHATA ROAD, HAMILTON 21/12/2018

B2. Likelihood

With respect to assessing the likelihood or chance of the risk occurring, the qualitative definitions used
by CMW for this project are provided in Table B2 for each likelihood classification.

Table B2: Qualitative Natural Hazard Likelihood Definitions

1 | Rare The natural hazard is not expected to occur during the design life of the
project

2 | Unlikely The natural hazard is unlikely, but may occur during the design life

3 | Moderate The natural hazard will probably occur at some time during the life of the
project

4 | Likely The natural hazard is expected to occur during the design life of the project

5 | Almost Certain The natural hazard will almost definitely occur during the design life of the
project

B3. Consequence

In terms of determining the consequence or severity of the natural hazard occurring, the qualitative
definitions used by CMW for this project are provided in Table B3 for each consequence classification.

Table B3: Qualitative Natural Hazard Consequence Definitions

1 Insignificant Very minor to no damage, not requiring any repair, no people at risk, no
economic effect to landowners.

2 | Minor Minor damage to land only, any repairs can be considered normal
property maintenance no people at risk, very minor economic effect.

3 | Moderate Some damage to land requiring repair to reinstate within few months,
minor cosmetic damage to buildings being within relevant code
tolerances, does not require immediate repair, no people at risk, minor
economic effect.

4 | Major Significant damage to land requiring immediate repair, damage to
buildings beyond serviceable limits requiring repair, no collapse of
structures, perceptible effect to people, no risk to life, considerable
economic effect.

5 | Catastrophic Major damage to land and buildings, possible structure collapse requiring
replacement, risk to life, major economic effect or possible site
abandonment.

B4. Risk Acceptance

Itis recognised that the natural hazard risk assessment provided herein is qualitative and, due to the wide
range of possible geohazards that could occur, is somewhat subjective. Other methods are available to
quantitatively assess an acceptable level of geotechnical related natural hazard risk, such as defining an
acceptable factor of safety with respect to slope stability or acceptable differential ground settlements
with respect to recommended building code limits.

CMW Geosciences 2
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QUALITATIVE NATURAL HAZARDS RISK ASSESSMENT — 635 WHATAWHATA ROAD, HAMILTON 21/12/2018

Therefore, to give this qualitative natural hazard risk assessment some relevance to more commonly
adopted numerical or quantitative geotechnical assessment techniques, a residual risk rating of very low
to medium (risk value = 1 to 9 inclusive) is considered an acceptable result for the proposed subdivision
development.

A risk rating of high to extreme (risk value = 10) is considered an unacceptable result for the proposed
subdivision development.

C. RISK ASSESSMENT

The natural hazards relevant to this proposed subdivision development have been assessed with respect
to the criteria outlined above.

Assessment is based on pre and post development ground conditions. The latent risk was first assessed
with the site in its current undeveloped state to consider the natural landform within and surrounding the
proposed development. The specific geotechnical mitigation measures and engineering design solutions
outlined in the CMW report, where relevant, were then considered to determine the natural hazard
residual risk remaining after the proposed development works have been completed.

Results of this assessment are presented in Table C1 below.

Table C1: Natural Hazard Risk Assessment Results
Undeveloped Site Developed Site
Latent Risk Residual Risk
[ (0]
RMA S2 - % o - § o
Hagard 2 o ® Comments and 2 o ®
=2 el el O Geotechnical Control | £ 2 ©
Description 0] gl % 3] = -~
X Q98 X Q 8]
= Ol = (@) o
Earthquake Fault Rupture | N/A No known active faults within or in close proximity to the site.
Liquefaction 7 -l High Further investigation 2 3 | Med
(Lots 1,4, 10) 12 and foundation B
i design confirmed at 1
Building Consent.
Liquefaction 1 4 Low No remediation
(Lots 4 works required.
2,5,6,7)
Lateral 3 | 4 High Foundation Design 1 4 Low
spread 12 confirmed at Building 4
(Lot 1, 4) | Consent.
|
Lateral 1 4 Low No remediation
Spread (Lots 4 works required
2,5,6,7,10)
Erosion Cut & Fill| 5 |2 High Batters (if required) 2 2 Low
batters 10 to be formed at 4
suitable slope angles
confirmed at Building
Consent stage.
CMW Geosciences 3
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QUALITATIVE NATURAL HAZARDS RISK ASSESSMENT — 635 WHATAWHATA ROAD, HAMILTON 21/12/2018
Coastal (cliff | N/A
top)

Landslip Global 3 High Building restriction 4 Low
stability 12 line at point 4
(Lot 2) projected at 1V:2.5H

from toe of slope,
retaining structure or
regrade. Options and
need to be confirmed
at Building Consent
stage.
Global q Low No remedial works
Stability 4 required.
(Lots
1,4,5,6,7,10)
Soil creep N/A
Bearing 3 High Detailed design of 3 Low
Capacity 12 building foundations 8
Failure confirmed at Building
(Lot 1) Consent.
Bearing 1 Low No remedial works
Capacity 3 required.
Failure (Lots
2,4,5,6,7,10)
Cut & Fill| 5 High Batters to be formed 2
batter 12 at suitable gradients
stability following engineering
assessment at
detailed design
stage.

Subsidence Exlpanswe N/A
soils
Sinkholes N/A
Soft Soils 2 Medium | Undercut unsuitable 3 Low
(Lots 6 .mate.rl.al where 8
2,4,5,6,7,10) identified and

AR replace with suitably
compacted fill
3 Medium | Detailed design of 3 Low
Soft / ] s ;
2 9 building foundations 3
compressible : E
: confirmed at Building
Soils (Lot 1)
Consent.
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QUALITATIVE NATURAL HAZARDS RISK ASSESSMENT — 635 WHATAWHATA ROAD, HAMILTON 21/12/2018

Sedimentation | Rockfall,
debris N/A
inundation
Inundation Flood See separate flood risk report.

Volcanic and | N/A The site is not within a volcanic field or area of geothermal activity.
Geothermal
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