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EXECUTIVE SUMMARY

Golder Associates (NZ) Ltd {(Golder) was commissioned by Mr Grant Marshall to undertake a
geotechnical assessment of site suitability for a proposed subdivision to include 24 parcels of
land at Lake Poerua, Westland (Figure 1). It is important to note that this site suitability
includes assessment for residential structures on 14 proposed sites on Lots 1A — 10A and 11 —
14 only (Figure 2}. Separate investigations by Bell (2006, 2007) were also commissioned by
the client and these reports are appended within this document.

Field investigation undertaken included aerial photography, geotechnical logging of 12 test
pits, 15 Scala penetrometer tests and logging of trenches. Further trenching and geophysical
studies were undertaken concurrently by others and this data is also used in this assessment.
The materials encountered underlying the proposed subdivision can be divided into three
primary types; Taramakau River Gravel, Overbank Silt, and Schist Fan Gravel. The
distribution of materials is shown in Figure 4.

The seismic hazard at this site is considered very high level due to the vicinity of the Alpine
Fault. This fault is a major active fault in the South Island of New Zealand and dissects the
Lake Poerua valley (Figure 3). It is strongly recommended that that potential owners be
notified of the natural hazards and the recommended mitigations measures at this site and to
be made aware of guidance available from the Earthquake Commission (EQC) to reduce the
risk of personal injury and property damage during an earthquake.

Other natural hazards identified and assessed at the site include liquefaction, fault rupture,
flooding, inundation, seiching or surge wave, erosion from Mine Creek at the north end of the
site, and possible debris slide from the range to the south. This report details and assesses
these natural hazards and where required provides mitigation measures as summarized below:

Hazard Recommended Mitigation

Seismicity Design and construction in accordance with NZS1170.5:2004
and inform owners of EQC guidelines.

Fault Rupture & Lateral Provision of a building exclusion zone (set-back) of 30m from

Spreading the lake shore (2007 survey) and 40m from the assessed position

of the most recent Alpine Fault trace (Figure 5).

Bearing capacity loss

Use of piling, removal of overbank silts and replacement with
engineered fill or provision of reinforced engineered fill or
stiffened raft foundation.

Inundation from Lake
Pogrua flood or wave runup

Provision of a minimum floor level of 124.5m RL shown in
Figure 5.

Inundation from Mine Creek

Construction of diversion bunds against the risk of sheet flooding
from Mine Creek on Lots 12 and 13.

Debris Slide

No mitigation affects are required for this hazard as the
associated risks are considered acceptable.

Suitable foundation treatments for the sites are also provided. Foundation treatment for
individual sites is to be confirmed and certified by a Chartered Engineer with suitable
experience in ground engineering.
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1.0 BACKGROUND

Golder Assoctates (NZ) Ltd (Golder) was commissioned by Mr Grant Marshall to undertake a
geotechnical assessment of site suitability for a proposed subdivision to include 24 parcels of
land at Lake Poerua, Westland (Figure 1). It is important to note that this site suitability
includes assessment for residential structures on 14 proposed sites on Lots 1A — 10A and 11 —
14 only (Figure 2).

Mr David Bell acting for Canterprise Limited (Bell 2006), then Bell Geoconsulting Limited

(Bell 2007) was separately commissioned by Mr Grant Marshall to undertake parallel
investigations for this development in an attempt to satisfy Council audit provisions for

geotechnical purposes.

The original Golder report for this proposed subdivision was provided to Council. Council
then had this report reviewed by GNS Science who duly responded. This report has been
revised in response to GNS review® and includes further extensive field work and analyses.
This revised report is a stand alone report requiring no reference to any previous reports and
supercedes all other report for this proposed subdivision, including the most recent report
R06812016_02_V1, dated july 2006.

2.0 SCOPE OF INVESTIGATION

The scope of work included:

e review existing geotechnical documentation and aerial photographs,

e walk-over inspection and aerial fly over,

e test pits to assess shallow ground conditions with associated ‘Scala’ Penetrometer
tests,

» foundation treatment recommendations for proposed residential Lots,

¢ trenching to assist in ground deformation identification,

e detailed debris flow and risk analyses,

*  wave surge analyses from possible debris flow from opposite side of lake,
e seiching analyses on lake from possible fault rupture,

o appended results of initial trenching and engineering geological analyses by Bell
(2006, 2007)

o further engineering geological analyses,
o results of GPR geophysical investigation for ground disraption,
o detailed description and analyses of further detailed trenching, and

o aradio carbon dating result of relevant organic material.
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This report includes details on all investigation to date, including reports by Bell (2006, 2007)
identifies natural hazards that may impact on the development, assesses and analyses
numerous aspects of these hazards and recommends appropriate mitigation methods where
required. Foundation treatment for the proposed residential Lots is also included.

3.0 SITE DESCRIPTION

Site location plans are shown in Figures 1 & 2, with selected photographs presented in
Appendix A.

3.1 Regional physiography

Lake Poerua lies within a northeast — southwest trending valiey about 1.5 km wide (Figure 1).
The valley is bounded to the northwest by Mt Te Kinga and to the southeast by the Alexander
Range, both of which rise some 900 m above the valley floor. The settlement of Inchbonnie is
at the southwest end of the valley with the Taramakau River approximately | km further
south. Lake Brunner and the settiement of Moana. are located well to the northwest, beyond
Mt Te Kinga. The valley floor comprises gently undulating plains.

The Alexander Range in the southeast has several large volume alluvial fans extending from
steep mountainous catchments onto the valley floor. Small creeks flow from these catchments
to join the Crooked River to the northeast, along with the outlet from Lake Poerua.

3.2 Proposed subdivision

The proposed 14 lot subdivision is located on the southeastern side of Lake Poerua, adjacent
to the Lake Brunner Road (Figure 1 & 2). The ground slopes overall gently towards Lake
Poerua from the east (commonly less than a degree) and at a steeper angle at the lake edge,
outside the defined north western boundary of the subdivision. The site is in pasture and is
gently undulating. A smal!l volume creek runs diagonally through the property, across
proposed Lots 4B, 5B, 7B, 9B, 11 and 12, and exits into the lake. To the north east of
proposed Lots 12 and 13, Mine Creek flows across the site and into Lake Poerua.

The Midland Railway (Christchurch to Greymouth) runs along the south eastern boundary of
the proposed subdivision, crossing the Inchbonnie Rotomanu Road adjacent to proposed Lot
14.

4.0 PUBLISHED GEOLOGICAL INFORMATION
Published geological mappinglg indicates that undifferentiated fluvial gravel occurs across the
site overlying basement rocks at depth (Figure 3). The Alpine Fault is mapped'® as passing

through the proposed subdivision as a concealed active fault. Further discussion of the Alpine

Fault is included in Section 6.
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The Alpine Fault forms a major rock type boundary between the western and eastern portions
of the South Island®'®. To the west, the large hills of Mt Te Kinga and the Hohonu Range are
formed of granitic rocks of the Te Kinga and Deutgam Suite. To the east, the Alexander
Range is formed in schist of the metamorphic Haast Schist Group. Further east a significant
portion of the Taramakau River catchment is in arcas underlain by greywacke of the Torlesse
Supergroup. It is important to note that greywacke gravel found within the subdivision area
indicates provenance well east of the site.

The Lake Poerua/Lake Brunner area has been subject to several glacial episodes. Past

glaciations are represented by scour and erosion of bedrock leading to dramatically over
steepened valley sides, and extensive glacial deposits comprising till and outwash gravel. No
glacial deposits are mapped as oceurring in the immediate area of the proposed subdivision

4.1 Aerial photography

Major landforms in the development area were mapped from stereo-pairs of aerial
photographs and are presented in Figure 4. Aerial photographs studied are tabulated below

Table 1. Aerial Photograph Stereo Pairs

Source of Photo Date Reference Comment
Photographs

NZAM 1943 825/42-44 Stereo pair

NZAM 1962 3613/17-18 Stereo pair

5.0 SUBSURFACE CONDITIONS

Field investigation by Golder includes geotechnical logging of 12 test pits and 15 Scala
penetrometer tests. All test pit and Scala logs and selected test pit photographs are presented

in Appendix B. Logging was undertaken according to NZGS Guidelines for the Field

Classification and Description of Soil and Rock for Engineering Purposesls.

Data from two field investigations completed by Mr David Bell et al (Appendix C & D) was
also used in this assessment.

Based on the field investigations, three primary materials undertie the proposed subdivision:

e Taramakau River Gravel,
o Overbank Silt, and
e Schist Fan Gravel.

The description of materials discussed below can be read in conjcution with the observed

distribution of materials as shown in Figure 5.
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5.1 Taramakau River Gravel

The site is underlain by dense to very dense, sub to well rounded sandy gravel with maximum
clast size generally 0.1 m with occasional boulders up to 0.6 m diameter. Occasional sand
layers to 0.8 m thickness were observed near or at the top of the gravels. Iron pans were
commonly observed within the sandy gravel.

This gravel is interpreted as being derived from the Taramakau River'*which currently flows
west to the Tasman Sea, passing some 2.5 km to the south of the proposed subdivision. The

gravel is easily recognisable as its predominant clast lithotype is Torlesse Greywacke,
indicating its provenance in the headwaters of the Taramakau River (refer Sections 4.1). In
places the gravel is overlain by up to 3.0 m of overbank silt and schist fan gravel.

The Taramakau Gravel aggradation surface has been assigned an age of 1100 to 1300 years
based on weathering rind thickness™.

5.2 Schist Fan Gravel

An area of loose to very loose, sub-angular gravel with a maximum observed clast size of 0.1
m diameter occurs to the north east of the site. This material is assessed to be derived from
Mine Creek, which flows out of one of the steep catchments draining the Alexander Range to
the southeast. Schist fan gravel was encountered to 1.8 m depth in the test pit excavated on
proposed Lot 12 (GA 09), which is considered representative of the likely thickness of this
material across proposed Lots 12 and 13. It is possible that thicker deposits may occur in
other abandoned and infilled channels particularly more in the centre of this fan towards the
northwest of these proposed lots.

The banks of Mine Creek to the north west of the Midland Railway are currently grassed and
the creek has a well defined gravel-bed channel. There is evidence that the stream has
breached this current channel to spill gravel into the adjacent paddock in the past and that the
gravel is aggrading at the lake edge. The fan delta into the lake from this stream is active
having had significant fan development over the time frame (1942 — 2007) indicated by
available aerial photography and surveys (Figure 5). This regular activity indicates that this
activity is not directly related to earthquake events or specifically an Alpine Fault rupture.
This suggests active and continuous erosion from the head of the stream and lower potential
for larger debris flow events from this source.

Anecdotal evidence suggests that the creek only remains confined to its current bed because
local contractors extract gravel from the river bed (Grant Thomas pers comm., March 2006).

5.3 Overbank Silt

In parts of the proposed subdivision, soft to firm, moist to saturated silt beds up to 1.5 m thick
overlie the Taramakau River Gravel. Silt overbank deposits may be locally present in other
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parts of the site outside mapped areas identified in Figure 5. Silt beds were well exposed in
trenches (Appendices C, D & E). The bedded nature of these and the nature of the edge
contacts with the adjacent gravel indicate that these are most likely fluvially deposited or
overbank silts. In trench exposures the lateral contact with the Taramakau River Gravel was
sub-vertical indicating that these silt deposits were most likely deposited rapidly following
channel formation.

This stream has been diverted near the lake edge at the intersection with the schist gravel
deposits of Mine Creek. This indicates that the stream has likely been blocked by the activity

of Mine Creek. Considering the high activity of this mine creek delta, this could lead to quick
blockage and subsequent rapid sediment deposition in the pre-existing channel area, followed
now by gradual erosion by the meandering stream now present.

5.4 Groundwater

No clear indication of groundwater levels was observed in test pits. Seepage was observed at
the base of Overbank Silt (0.5 — 0.6 m below ground surface) in test pit GAIl and some
ponding at the base of test pit GA9. Any groundwater is likely to be a perched aquifer bound
by an iron pan in the Taramakau gravels below. As indicated by the deep test pits, the main
unconfined groundwater level may not be coincident with lake level and could be lower than

the nominal level.
6.0 NATURAL HAZARDS

The following categories of natural hazard have been identified as potentially affecting the

proposed subdivision:

e Seismicity,

¢ Fault rupture,

¢ Liquefaction,

o Inundation, and

e Debris Flows.
These hazards are discussed in the following sections. A flyover of the area was also

completed to gather evidence of geological hazards across the site. Relevant oblique aerial
photographs are presented in Appendix A. Mitigation measures are considered further in the

Section 7.
6.1 Seismic hazards

There is a very high seismic hazard because the Alpine Fault dissects the Lake Poerua Valley
and passes very close to the proposed subdivision (Figure 3).
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It is assessed from NZS 1170.5:2004' that Lake Poerua and adjacent areas have a 10%
chance of experiencing a Peak Ground Acceleration (PGA) of 0.6g or greater in any 50 year
period, or a 2% chance of experiencing a PGA of 1.08g or greater in the same period.
Studies® suggest that there is a significant liklehood of the Alpine Fault rupturing within this
time period.

The site is assessed to be within Class C (shallow soil site)!” of NZS 1170.5:2004. This
classification is based on the expected depth of less than 100 m of gravel to the underlying
bedrock.

Due to the potential high ground acceleration at this site, the following hazard mitigations
recommendations are made:

» Residential dwellings and all associated structures must be designed in accordance
with NZS 1170.5:2004"7,

e The design is to be completed or independently reviewed by chartered structural
engineers experienced in the design of seismic resistant buildings, and

e All prospective landowners are made aware of guidance available from the
Earthquake Commission (EQC) to reduce the risk of personal injury and property
damage during an earthquake.

These recommended mitigation measures are summarized in Section 7.1
6.2 Fault Rupture

The Alpine Fault is mapped'® at 1:50,000 scale as passing through the proposed subdivision
as a concealed active fault (Figure 3). Berryman et al (1992)* mapped the trace of the Alpine
Fault between the Taramakau River and Lake Poerua as a series of left stepping en-echelon
strands (Appendix F). To the north of the settlement of Poerua, the Alpine Fault is mapped"®
as a concealed frace at the immediate base of the Alexander Range.

Golder used the following methoeds to assess the location of the Alpine Fault in relation to the
proposed subdivision:

e Test pitting to assess ground conditions across the site,
e Scala penetrometer testing to assess the insitu (strength) density of materials,

» Trenching logged by others and viewed by Golder, to check for fault position and
displacement,

e Mapping and air photo interpretation to check for fault displacement and position,
and
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» Oblique aerial photograph acquisition and interpretation for fault offset and likely
position.

» Reference to reports by Bell et al in Appendices C & D

A series of photographs were taken from helicopter on 12 April 2006. A selection of
annotated photographs is included in Appendix A.

Previous investigative trenches, commissioned by the owner and excavated under the
supervision of Mr David Bell (5™ March 2006) were also viewed by Golder. Mr Bells® 2006

report 1s given in Appendix C and annotated photographs of these trenches are presented in
Appendix E. The trenches were aligned perpendicular to the expected trend of the Alpine
Fault' and excavated to a depth of between 1.5 m and 1.8 m. The trenches excavated cover
the width of the proposed subdivision from the Lake Brunner Road to the shore of Lake
Poerua. Trenches from 2006 can be seen in Figure Al and the surveyed positions are shown

in Figure 5.

Golder viewed the trenches on 7th March 2006. The walls of the trenches had collapsed in
places. Trenches T1, T3 and T4 exposed a layer of Overbank Silt up to 1.5 m deep over
Taramakau Gravel. The west end of this channel has a steep contact with the adjacent gravel.
The silt layer is interpreted as an abandoned river channel that was rapidly filled with siit
(overbank deposit).

Golder observed no evidence of fault rupture in any of the test pits, trenches or photographs.
This accords with Mr David Bell finding that there was “...no evidence for the Alpine Faults’
last rupture within #he sife...” (Memo to Grant Marshall dated 6 March 2006).

Further trenching and geophysical investigations were under the supervision of Mr David Bell
and others in March 2007 and this report is presented in Appendix D. Golder staff was
present during the excavation and assisted in mapping and photography of these trenches.
Evidence of faults was not observed in any of these trenches.

The most recent surface trace of the Alpine Fault is considered to be within the Lake Poerua

based on the following points:

e No faults were observed within any of the test pits and trenches excavated on site.
o The linear nature of the lake edge at the proposed subdivision.

e The lake also deepens quickly along this alignment as indicated in the 1976
bathymetry survey of the lake.

o This fact 1s in contrast with the north and south ends of the lake where there is
negligible gradient change from dry to inundated land, i.e. no well developed shore
platform.

¢ No major ground displacement features were observed within any of the excavated

trenches.
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e The only potential ground disturbance anomolie interpreted from the geophysical
studies (Bell et al 2007) aligns well with the lake edge.

¢ The evidence presenied in both reports by Mr Bell (Appendices C & D) is in
agreement with our assessment.

The weight of evidence suggests that the Alpine Fault most likely passes to the lake side of

the development based on the landform at the site, test pitting and geophysical surveys which

show no evidence of fault displacement in the sediments on the proposed development site.

In-that-case; the-subdivisionrisuntikely-to-be-directly-effected-by-themostrecent fault rupture———————
and so can be developed.

There is some residual risk that the most recent Alpine Fault trace in this area is actually
deeper under the proposed development site, masked by vounger sediments. In this case in
other local body jurisdictions (for instance at Nelson City) as we know it, the development
would also most likely be permitted on the evidence that no fault was identified at the site.

A building exclusion zone typically 20m from the assessed location of the rupture trace of a
fault is considered appropriate to mitigate against fault rupture hazard™”. Recommended
mitigation measures are detailed in Section 7.2.

6.3 Liquefaction

Soil liquefaction is a physical process that may take place during earthquakes having a
Modified Mercalli Intensity of MM VI or greater. This intensity could be met or exceeded
when the Alpine Fault ruptures.

Liquefaction is considered most likely to occur in saturated sand and silt deposits, generally
less than 10,000 years in age, where ground water is within 10 m of surface. Generally, the
younger and looser the sediment and the higher the water table, the more susceptible a soil is

to liquefaction.

Evidence of liquefaction of sands within the silt over bank deposits was observed by Golder
(Figure E2) and reported by Bell et al (2007). This indicates that these shallow materials have
liquefied during a previous ground shaking event. The sediments would have been saturated
during the event, however no groundwater was observed in any of these materials observed in

the trenches at this time.

Evidence from the geophysical survey and Berryman® indicates that the land east of the
Alpine Fault has been upthrust. This snggests that the sediments may have been at a lower
elevation prior to the previous fault movement. A lower level would have been more likely
saturated from the levels of the water within the lake. The sediments where the evidence of
liquefaction is observed is now near 2m above the lake level and therefore are not expected to
be continuowsly saturated, thereby reducing the risk of liquefaction in these sediments.
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Liquefaction can cause several types of ground failure including the loss of bearing strength
and lateral spreading. In a land mass not adjacent to open water, i.e. lake shore, the primary
affect is loss of bearing capacity through settlement of underlying liquefaction prone soils.
Sites adjacent to open water can be susceptible to lateral spreading.

The assessment of possible liquefaction on this site is based on the following points:

Driving Factors

¢ TEvidence of sand liguefaction within the overbank silts has been observed,

e Sand layers up to 0.8m thickness at 3 m depth were observed in test pits and trenches
within the Taramakau River Gravel sequence.

Mitigating Factors:

¢ The materials encountered beneath the Overbank Silt comprise generally medium
dense to dense sandy gravel,

e Sandy gravels are not usually considered liquefiable, and provide good drainage for
other potentially liquefiable materials if present,

s Any sand beds such as those encountered within the test pits, are thought to be
discontinuous across the site, and

s Several iron pans comprising iron cement were noted within the sandy gravel layers,
which could increase the apparent strength of the materials.

e The overbank silts are now well above standing lake water levels.

In summary it is considered™'’ that there is a low risk for lateral spreading on the lake shore
front and for loss of bearing within the over bank silt deposits should liquefaction occur

during a ground shaking event.

A set back from the open face (lakeshore) can typically be used to mitigate against lateral
spreading. A suitable set back from the lake edge can be assessed from several facts including
the depth of the lake, height and slope of the land on the lake shore, estimation of liquefiable
materials based on test pit observations and the likely water level. Recommended mitigation
measures for lateral spreading are detailed in Section 7.3.

Piling through or removal and replacement is considered an appropriate measure to mitigate
against loss of bearing capacity from liquefaction of overbank silt deposits. In addition
engineered granular fill with geogrid reinforcement can provide additional risk reduction
against local spreading and or loss of bearing within the infilled section. Recommended
mitigation measures for bearing capacity loss are detailed in Section 7.4,

6.4 Inundation Hazard

There is a hazard due to inundation from:

e Sheet flow from Mine Creek, and
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¢ Elevated level of Lake Poerua during flood events,
6.4.1 Sheet flow from Mine Creek
Sheet flow with associated channel erosion is possible from Mine Creek.
Mine Creek has an active fan delta into Lake Poerua (Figure 5 and Figure Al), and has

breached its current channel to spill gravel into the adjacent paddocks in historic times (refer
Section 5.2). Aerial photographs suggest that Mine Creek has occupied its current channels at

least since 1943, from the earliest photographic evidence studied.

Observations indicate that there is a large lateral extent of Schist Fan Gravel deposited within
the boundaries of the proposed subdivision although over all volumes are not significantly
large. The fan gravel is in the order of 2.0 m thick and tapering out to the southwest (refer
Test Pit GA 01 in Appendix B) over the older Taramakau River Gravel. The southwestern
extent of Schist Fan Gravel (Figure 5) is the probable limit to which Mine Creek has flowed
in the past.

The hazard from the lateral spread and sheet flow with associated bed load from this active
fan can be mitigated using appropriately designed diversion berms. Mitigation for this hazard
is only required for significant residential structures adjacent to the hazard and is expected in
only a few Lots and not over the entire subdivision. Recommended mitigation measures for
protection from Mine Creek is provided in Section 7.6.

6.4.2 Flooding from Lake Poerua Level Rise

Inundation of the low lying parts of the proposed subdivision from Lake Poerua rising is
possible due to a landslide damming the outlet from Lake Poerua and or in association with
an extremely large storm event.

Records ' show that the outiet from Lake Poerua was blocked by landslide from Mt Te Kinga
between fanuary and August 1991, The dammed lake level rose sufficiently to flood farmland
at the northeastern end of the lake. No information was found to describe how long the dam
lasted prior to breach. Aerial photography shows remant slope failure debris assumed to be
responsible for the damming event (Figure A3). Landslide debris appears to have come from
high on Mt Te Kinga in the Brums Creek catchment. The landslide has resulted in a debris
fan extending into the Poerua River.

Preliminary hydrologic analyses using 1:50,000 topographic information suggest that a 1 in
150 year storm event of 12 hours duration could raise the lake level area not more than 1.7m
higher than standing lake levels. This is a worst case scenario involving fully saturated
conditions with no evaporation and all water flow accumulating within the existing lake area.
This assumption of no lateral spread of the lake area could only be considered appropriate on
the north west and parts of the south east sides of the lake where steeper sides are
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encountered. In reality the lake will spread to the north east and south west with rising levels.
We expect only a portion of the valley floor to be blocked at any one time and this would
allow passage of stored water around its perimeter well before this increased height level is

obtained.

Topographic survey of the upstream south western margin of the lake, indicates that water
will commence to flow west down to Lake Brunner at any level above 124.5m (Appendix G).
This level is 2.2m above the standing lake level. In the extremely unlikely event that the
water level rose to this level, drainage away from the lake would then be increased

significantly draining away to the south west preventing the lake to rise significantly above
this level.

Adoption of a suitable mintmum floor level of 124.5m for proposed residential structures
above the standing lake level is expected to provide protection against this unlikely and
extreme flood and damming scenario. This level partially affects 5 proposed residential Lots
and wholly one proposed residential Lot. It is considered that sufficient time will be available
to further mitigate against these extreme flood hazard with emergency measures such as
downstream channelling works and debris clearance, if required. Recommended mitigation
measures against flooding are provided in Section 7.5.

6.4.3 Surge Flooding from Debris Flow into lake

Inundation due to flooding by a surge of water could occur should a very rapid and large
landslide fall into the lake. Possible large sources of rock mass (probably in-situ) are located
along the ridge line on the north western shore of Lake Poerua (Figure 4). Some of these
features however could also be interpreted as the result of past landslides or rock fall.

An area, identified in Figure 6 is considered a possible source for a large and rapid landslide.
The highest hill side crest near the western side of the lake is about 280m above the lake at a
slope 27°. On this slope is a ledge about 70m width, 400m in length at about 140m above
lake level at a slope of 34°, This steeper zone is kinematically more likely to fail for its slope
is near the accepted angle of repose for loose angular gravel mass, usually about 35° to 38°.
This area is at the northern end of the lake and its expected closest deposition path at the
shoreline is between a Ikm to the shoreline closest to the nearest boundary of the proposed
subdivision to over 1.5km from the shoreline at the farthest section of the subdivision. If we
assume the worst case is that this area fails to say 27° (same as the higher slope) then a wedge
will fall from the top to the lake floor to form a slope at 27°. This is estimated to be about
1,225m’ per metre length of this area. A reduction of 35m in the width of this mass at the top
of the slope, with a corresponding increase of 35m at the base of the slope would result in a
slope of about 27°. A width of 35m gives a maximum depth of about 4.5m deep. So if this
ledge came down instantly a volume of water of about 79m’ per metre length of the failure
could be displaced.
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Empirical estimates were completed by experienced coastal geomorphologist from Golders’
Canadian offices and are presented in Appendix H. Based on empirical data and experience
the expected wave height generated from this event would be approximately 3.5m at the
landslide, reducing without friction losses, in response to conservation of energy to a height
of about 0.7m at 1km from the source. Wave runup height can be estimated as twice the
nearshore wave height. Thus wave runup associated with the maximum estimated wave
height of 3.5 m from a landslide into the lake is 1.4 m above still water level, i.e. to a level of
about 123.7m RL. The majority of the proposed residential Lots are above 123.7 m RL.
Recommended mitigation measures against wave surge flooding is provided in Section 7.5.

6.4.4 Seiching from fault rupture

An ecarthquake which involves a rupture along the Alpine Fault has the potential to cause a
seismically generated seiche in Lake Poerua since the lake is wide and shallow. Research
suggests next rupture of the Alpine Fault could give an earthquake of magnitude MM8%. Past
ruptures have been in the order of 6m dextral and 3m vertical movements”.

Based on Japanese research, Golder Canada has also completed an empirical analysis for a
seismic generated wave height, runup and period of a possible seiche within the lake. This
analysis is also presented in Appendix H.

The analysis indicates that a seismic generated wave could give a shoaling wave of about
1.3m height in approximately 2m depth of water located about 50m out from the lake shore
near the subdivision. An empirical run up analyse indicates that wave run up from this wave
would be in the order of 1.7m height above the standing lake level, i.e. to 124m RL. The
majority of the proposed residential Lots are above 124m RL. The time taken (period) for this
wave to repeat across the lake is estimated to be about 260 seconds (just over 4 minutes).
Recommended mitigation measures against flooding from seiching is provided in Section 7.5.

6.5 Debris flow analysis and risk assessment

Estimating debris flow travel distance is prone to error even with detailed analyses. The
methods used must be realistic and provide a confirmation of conditions as seen on site.
Estimation methods Hunter and Fell'® and Dynamic Analysis (DAN) by Huongr’ and Hungr
and Evans®® have been used to estimate debris flow travel distances.

Hunter and Fell propose an empirical correlation based on confinement of flow paths and the
initial failure slope. Three equations for rapid debris flows at different levels of flow path
confinement with standard errors of correlation are given. The correlations are not valid at
low initial slopes (approx<16°) and an estimation table can be used for these cases. An upper
90% was assessed using the standard error given.

DAN implements a one-dimensional Lagrangian solution of the equations of motion for a
mass of earth material which starts from a prescribed static configuration and flows according
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to one of several rheological relationships. Estimation of these relationships has been made
from comparison between field observation and recommendations within the available
documentation on this method.

Two significant debris slides have been postulated, one from Mine Creek and a second from
the Alexandra Range. These areas have been selected on the basis of concerns by the

Councils’ reviewer. Debris flow profiles and analyses results are presented in Appendix L.

The results indicate that the flow path from Mine Creek is extremely unlikely to impact on the

proposed subdivision in both run out distance and direction and poses insignificant hazard to
the residential lots proposed within this subdivision.

The results indicate that the flow path from the possible source rock analysed from the
Alexander Range is unlikely to impact on the proposed subdivision. The lots proposed for
residential development in the subdivision are not in the flow path direction. Other smaller
debris slides are possible from the Alexander Range and are considered in the risk
assessment.

A qualitative risk assessment for debris slides was completed under guidelines developed
from Australian Geomechanics Society' and is tabulated below. It is considered that the risk
of debris flow affecting proposed residential lots on this subdivision is at an acceptable level
and no mitigation measures are required.

A d Risk
Source Likelihood of event | Consequence of event ssesse s
Level
Alexander Range,
Insignificant,
obvious knoll on hill Possible (less or s'lgm 1 ant, no
. . residential structures are | Very Low to
side is likely source. equal to likelihood .
of Alnine Fault proposed in analysed Low —
3 P flow path, possible fence | Acceptable risk
(Volume ~100,000m™, | rupture)
or field shed damage.
analysed)
Insignificant, No
evidence observed of any
Alexander Range, no } debris on the areas
obvious sources Likely (more than roposed for residential
’ likelihood of Alpine prop Low to Moderate
expect shallow small lots, expect very small
. Fault Rupture, more — Acceptable to
failures volume, and expect small .
related to extreme . tolerable risk.
weather event) flows to be disrupted by
{(Not analysed) Inchbonnie-Rotomanu
road and Midland railway
corridors.
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7.0 MITIGATION OF NATURAL HAZARDS
There are significant natural hazards at this site primarily associated with the proximity of the
Alpine Fault and Lake Poerua, which require mitigation. The following measures are

recommended to mitigate the risk of the identified natural hazards.

7.1 Build for Seismicity

Due to the potential for high levels of ground acceleration at this site it is recommended that

residential dwellings and all associated structures be designed or independently reviewed by
chartered structural engineers experienced in the design of seismic resistant buildings in
accordance with NZS 1170.5:2004"7. The site is assessed to be within Class C (shallow soil
site)!” of NZS 1170.5:2004. In addition, all prospective land owners should be made aware of
guidance available from the Earthquake Commission (EQC) to reduce the risk of personal
injury and property damage during an earthquake.

7.2 Set back for Fault Rupture

The active trace of the Alpine Fault has not been identified within the boundaries of the
proposed subdivision and we recommend that the development can be consented on this

basis,

The fault is a large tectonic feature therefore we also recommend a building exclusion zone to
be placed within a distance of 40m from the assessed position of the most recent Alpine Fault
rupture to mitigate further against fault rupture hazard. This set back is twice the minimum
recommended in guidelines for development of land close to faults by the Ministry for the
Environment'? as referenced by GNS. This set back can be defined as 30m from the lake edge
survey of 2007 or 40m from the interpreted fault line and is presented in Figure 5.

7.3 Set back for Liquefaction induced Lateral Spreading

No evidence of lateral spreading from liquefaction was observed on the site. However a
building exclusion zone should be placed around the lake edge as due diligence to mitigate
the low hazard of possible lateral spreading from liquefaction. Due to the shallow nature of
the lake a recommended setback of 30m from the lake edge is considered appropriate
mitigation for this hazard. The proposed set back for fault rupture accommodates this

recommendation as presented in Figure 5.
7.4 Ground improvement for Liquefaction induced bearing capacity loss

Loss of bearing capacity can occur in areas prone to liquefaction. Mitigation against loss of
bearing from liquefaction in the majority of cases is uneconomic. Today there still remains
and will remain in the future areas of the cities of Christchurch and Greymouth which are

prone to liquefaction.
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Where structures are proposed over the overbank deposits as mapped in Figure 5, it is
recommended that either piling is used to support the structure on the underlying Taramakau
Gravels, or this material is removed and replaced with engineered fill not prone to
liquefaction. Silt overbank deposits may be locally present in other parts of the site, and
further investigations in the areas of proposed building footprints are recommended once final
layouts are known. Where full depth ground improvements are not economical a stiffened
raft foundation or reinforced engineered fill is suggested.

7.5 Floor level requirement for inundation from lake

Downstream blockage of the lake outlet leading to a raised lake level is documented to have
occurred in the past. Survey has shown that the maximum level that the lake could rise to
before over topping upstream and flowing to the west is 124.5m elevation. It is likely that this
overtopping will allow sufficient time to clear any exit channels before freeboard between the
buildings and normal lake level is breached.

Analyses for surge waves from a large landslide on the opposing side of the lake and seiching
(harmonic wave) on the lake from fault movement were also completed. These analyses
showed that maximum runup height of waves above standing lake level is lower than the
maximum possible flood level.

We recommend a minimum residential floor level of 124.5m elevation to mitigate against
possible inundation or wave runup from the lake. This level is highlighted in Figure 5. Aay
residential structures located below this level will require floor levels above natural ground
level. This can be provided by the use of either engineered fill or piled (poled) structures.

7.6 Protection bund for Mine Creek inundation

Due to the risk of a natural realignment of Mine Creek and possibly partial inundation of
proposed Lots 12 and 13, a reinforced earth bund is recommended to be constructed alongside
the creek bed or upslope and between any residential structure and this creek in these Lots.
The bund is to be placed between residential structures and Mine Creek. The length and plan
shape of these bunds is to be finalised upon specific design of residential structures on Lots
12 and 13.

A section detail of the protection bund design is shown in Figure 7. The majority particle size
in the armouring portion {creek side) of the bund must be > 0.1 m diameter based on the
observed maximum particle size transported by Mine Creek to this distance.

It is expected that suitable structural fill material will be able to be screened from the
Taramakau River Gravel occurring across much of the rest of the site. This material
consistently contains particles in excess of 0.1 m diameter and as a well graded gravel it is
expected to be suitable as an engineering material for this purpose.
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7.7 Debris flow requirements

According to the debris slide analyses and risk assessment undertaken no mitigation affects
are required for this hazard as the associated risks are considered acceptable.

8.0 FOUNDATIONS

Good ground as defined by NZS3604" can be found in the Taramakau River Gravel at
varying depths across the lots as indicated in the Table 2 on the next page. It is recommended

that foundation preparation be confirmed and certified by a Chartered Engineer, suitably

experienced in ground engineering.

Piles driven into the dense to very dense coarse sandy gravels will be a suitable founding
system for the expected loads of residential properties. Should strip and or pad footings be a
preferred founding system, improving the ground by excavation, backfilling and
recompaction would be required at each site.

If piling or ground improvements do not fully replace the overbank silt deposits it is
suggested that ground reinforcement such as the use of a geogrid within the improved ground
or stiffened raft be considered to reduce the hazard of bearing loss from liquefaction. These
methods can reduce this hazard to an acceptable level and may not be able to eliminate the

hazard compietely.

Ground improvement could be undertaken by excavation to good ground, proof rolled then
back filled and recompacted to NZS 4431" Standards. Excavation should not extend lower
than 0.3m above any standing groundwater level. All excavated materials free of organic soil
or debris with less than 15% fines should be suitable for recompaction. All fill is to be
certified according to NZS4431'°. This will most likely require a method statement for
backfilling, as in-situ testing may not be possible due to the expected coarse size nature of the

backfill.
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Table 2. Estimated depth to good ground at test pit locations

Assessed Depth to

Proposed Lot Test PitDCP Good Ground * Comments
Lot 1A TP14 & DCP Lot 1A Below topsoil Test pit by Bell
Lot2A GAG1 I.1m
Lot 3A GAO02 0.6 m
Lot 4A GAO3 Below topsoil
sa | o
Lot 6A GAOS 0.1m
Lot 7A GAO6 02 m
Lot 8A TP11 & DCP Lot 8A 0.1m Test pit by Bell
Lot 9A GAQ7 Below topsoil
Lot10 A GAO08 Below topsail
Lot1l TP10 & DCP Lot 11 Below topsoil Test pit by Bell
High DCP reading due to
Lot 12 GA09 25m clast — depth up to 3.1 m
may be required
Lot 13 GA10 0.6m
Lot 14 GAll 0.6m

Note: 1. Depths are estimated from nearest test pits and may vary above or below that stated.

9.0 CONCLUSIONS

Section 106(1) of the Resource Management Act (RMA)} states that the consent authority may
grant a subdivision consent subject to conditions if it considers that the land is, or likely to be,
subject to material damage by erosion, falling debris, subsidence, slippage or inundation from

any source.

Section 106(2) states that conditions under 106(1) must be for the purpose of avoiding,

remedying or mitigating the effects referred to in section 106(1).

It is our opinion that the natural hazards identified to impact on the proposed development can
be suitably mitigated as outlined in Section 7 above and summarized below:

e Design and construction in accordance with NZ$1170.5:2004" to protect against
strong ground motion and inform owners of EQC guidelines,

Golder Associates



September, 2007 -18 - R06812016-02-V2

e Provision of a building exclusion zone (set-back) of 30m from the lake shore and 40m
from the assessed position of the most recent Alpine Fault trace to mitigate against
both fault rupture and lateral spreading possible during liquefaction,

e Use of piling, removal of overbank silts and replacement with engineered fill or
provision of reinforced engineered fill or stiffened raft foundation to reduce hazard

from bearing capacity loss during liquefaction,

e Provision of a minimum floor level of 124.5m RL to mitigate against possible lake

flooding or wave runup, and

o Construction of diversion bunds against the risk of sheet flooding from Mine Creek
on Lots 12 and 13.

We also find that suitable founding conditions can be found across the site as detailed in
Section 8 and as summarized below:

o The use of piles (or ground improvement for shallow footings) for foundations in
loose or soft sediments where encountered is recommended, and

e Toundation treatment for individual sites is to be certified by a Chartered Engineer
with suitable experience in ground engineering.

10.0 LIMITATIONS

(i).  This report has been prepared for the particular purpose outlined in the project brief
and no responsibility is accepted for the use of any part in other contexts or for any
other purpose.

(ii). Assessments made in this report are based on the ground conditions indicated from
published sources, site inspection and subsurface investigation described. Variations in
ground conditions may occur between investigatory locations however and there may
be special conditions appertaining to the site which have not been revealed by the
investigation and which have not therefore been taken into account in the report. No
warranty is included; either expressed or implied, that the actual conditions will
conform exactly to the assessments contained in this report.

(iii). Where data supplied by the client or other external sources, including previous site
investigation data, have been used, it has been assumed that the information is correct
unless otherwise stated. No responsibility can be accepted by Golder Associates (NZ)
Ltd for inaccuracies within data supplied by others.
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(iv). Any comments on groundwater conditions are based on observations made at the time
of investigation unless otherwise stated. It should be noted that groundwater levels vary
as a result of seasonal or other effects.

(v). This report is provided for sole use by the Client and is confidential to him and his
professional advisers. No responsibility whatsoever for the contents of this report will

be accepted to any person other than the Client.

(vi). This Limitation should be read in conjunction with Golder Associates (NZ) Ltd's

Conditions of Engagement provided separately
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12.0 CLOSURE

We trust this report is suitably informative and should you have any questions please do not
hesitate to contact the undersigned.

Yours sincerely,
GOLDER ASSOCIATES (NZ) LTD

Cid Chenery/
Senior Geotechnical Engineer

Golder Associates



PXUI'Z00Z" | 0-UONEDO SISO 28 | Z\BNI20- UDISINPANS ™ [[eUSIZN . 910ZL.290\SI0rg00Z\'S (UoNEao™ il

L 0 ¢h-20-91021890H 91021890 v SN

ON 3HNOI ON AFY ON LHOd3Y ON LO3rodd

ERLRLY

NV1d NOILVOOT _ LOBIYE ., o

| 200z Ainp

31V NMVHO

PUBjISepN ‘Bnisod ayeT ‘uoisinpgng pasodoid

JUSWISSISSY [BOIUYDS}095) , IEUSIBINIURIOD

103royd AN3D

pansesey WbuAdon umoln
‘dey |eoydesBodal SINZN

'pueleaz MapN UONBLLIOJ| puB

304N0S

"..Wmf.w:: _..m.m___%agm_, ,_.9..«.‘,.«......»
dauunrg oyey

Jo asn pasyouyneun “pi7 (ZN) seleossy Jepjos jo 1yBukdos sy st Bumelp sy} uo paueuos LOREWICY|

Jo Aoym teune uerd sy jo uonanposdal

P (ZN) se1ei2088Y 1pjon @ 1ybukdes saBuyu) uoissjuuad uanum InoumM Jed




341800 342000 342200 342400 342600

I

. 10%%h3

% %

LAKE POERUA

[
older Associates (JJZ) Lid.

ut written permission infringes copyrig

342000 342400 342600

Datum: NZGD49; Projection: Hokitika Circuit CHENT Grant Marshall e Geotechnical Assessment
3 Proposed Subdivision, Lake Poerua, Westland
' JVB "™ july 2007
YR B ——
24/9/07

T I i

-ontained on this drawing is the copyright of Golder Associates (NZ) Lid. Unauthorised use or reproduction of this plan either wholly or in part withol

tion

File Location: $:\2006Jobs\06812016_Marshall_Subdivision_Peerua\2_Tech_Info\ArcGIS\Layout-02_2007 mxd




LEGEND

| A
|
; ® i
g 4
-l
! g ;
| @
| o ¢
‘ = ) '
8
4
| =
| [}
| z
| Q
(&)
|
£
k=2
I = L
! g -
i g {
2
£
’ 'g
. i Lake Poerua’
@ o i
< Proposed
= s s
5 Subdivision
=
=
&
| £
<]
=
£ . |
E \
g >
.a -~ "
c vl o adl
S D 456 -
| a , B Y i
o ‘ Ay \ [=
| M 737 S
WIS (=)
"% ‘ . § : 5 4
3 ) NG e P o
3 Reference: Suggate, R.P., Waight, T.E. 1999: Geology of the Kumara-Moana Area. Institute of Geological & Nuclear Sciences Ltd
e
5
§ FORMATION Eé::émc REGIONAL UNCONFORMITY
]
l -§ - \\\ Puik syenogramite: thyolite dikas é?a?éih
2 . . ; GRANITE
% o | s . i HmEuaNu
3 e and tare pranaite (ight biot qices S
3 S TE KINGA =
g g , Werile equigranulat monzogranie glé);ﬁi?g [ ;Em»_(rl.;cm
E’ 2 I Medwin gramed granodiotite 16 monzogranit: é?l?ék l
;. ‘;f GRANDDIORTE
plited clase 5]
:% ,l:"ml_,,,. ::Jlan._]e l_v‘»:.'j"_u:v:‘:‘(!lmhl,:l potphyitic 53?;.-7
8 : GRANITE
| @B
§ i oy ™ AN ok furepar SRiNosions |
2 Buiite 1onahie UN\'CLE
& TONALITE
5 3
| ‘Cg % %—g :;:“r:‘ ‘Yr(!as,(-d\m- ALty gaf‘g‘g_w;
8 : ALPINE EALICT
2 et
g -k AT 5 ‘ 1 Yiatite 1B A0 garney (G zome sohist {50, gé’:,’g ;3@.‘5577
| E h i Serpeinne ana (aIC-nngnEsie 1pu) POUNAMY SRR
F
5
r £ CLENT PROJECT
5 Grant Marshall Geotechnical Assessment
2 o
[} PR
.§ 250 0 250 500 DRAWN oo DATE )y 2007 Proposed Subdivision, Lake Poerua, Westland
| 3 metres TITLE
£ CHECKED | RC PATE 2419707 PUBLISHED GEOLOGICAL MAP
| =
| E D_atum: NZGD 1949 . SEALE FILE PROJECT No REPORT No VERSION No FIGURE No
g Projection: NZ Map Grid 1:30 000 PublGeology_30kwor | A3 06812016 RO6812016-02-V2 1 3

File Location $:\2006Jobs\06812016_Marshall_Subdivision_Poerua\2_Tech_Info\Mapinfo\PublGeol_30k wor




| JomABojoydiowoeniojuideN\ojul Lae | Z\ENI80d UOISIAIPGNS |[BUSIE 910Z1890\SIOra00aS (UonEasT ejid

id . L ZA-20-91021890Y m...om 1890 Jom ABojoydiouoas) pY | 000 62:1 pug depy ZN :uopoalold
N 2uNDId ON NOISHIA ON L3043y _ °oN LO3roYd E TWos ‘6¥6LADZN ‘wneg
SINMO=QNYT HOrviY L6T X ... SIICDOSSY, sonaw
4 X HE _D w 00s 0se 0 ose
pUBNSa/A 'BNIS0d O)ET Looz e O
‘uoisInpgng pasodold =
1UBWISSISSY [BDILYDS1095) [[BUSIEI JUEID e L
* 103roud Ao depy jeoiydelbodo ) SINZN ‘Pueleaz Man UOHBULION| puBT :201n0g
dwemg | 7 ) i ned pauejl =
S | oH UOISIAPONS _uomonen_ a uaWEsU S yea1q odo|g aneouog FECA Jined pauau ~—- 0B slewxolddy .....l.l.ll
S3211 paumoiq ] dig ' exus uonelo- dieog papunoy eaig ado|g X8AUO Hne4 sjewpoiddy =~ IBueyS sleureia
m u ! n nel LIP_IA yea1g adoig 0 T = e T

)

L EDEN

vesz

W, 000

43

, s i
| SIeARID JSARY neyewese
! ¢ .

NW 000685




341800 . ‘ 342000 . . 342200 342400 342600 342800
; /! 8 .
N
LEGEND / / / }\ _
/ [=]
-, A =]
- e . + -5
_|| eA2 B TestPits (Golder, 2006) ) i / S 4 &
=4 2 o ST
31| P14 D Test Pits (Bell, 2008) H
f————I Trenches (Bell, 2006) i.i
—?— — - Material Contact Inferred
—+——+ Rail Line
B Surveyed Lake Edge 2007
2 Lot Boundary
8 &
. LAKE POERUA #
g z
5 Road e i
8 . i 8
= — — — Assessed Alpine Fault Trace ) b 2
5 o A
g 8- + N 4 fg
1 Fault Setback LA 2
£ F i
£ Overbank Silt :
§ Schist Fan Gravel :/
< )
2 . P g
H Taramakau River Gravel s
:‘é
5
& Fan extent (year)
E 1943 P
Jé <
% 1962 r - 5
= 7 “+ -
A ] e 1978 P P + Z
5| 8 - i
Bl Z1| s 1995 // D Lotoa
g s A GA06 Lot 8
g P fl ;2
: 7 e N 7
2 e 1 Loren GAOs Lot 7A S
= # , TaEl 4 <
- TN F N e r
5 e y P Dt'SAE.aGAM@TPTZ' : R
. Gz e
= [ 124.6m RL contour 0 L] *lyﬁo
< 7 S A e \g/
‘g = ] ?‘
g
5 ~ S
= 7~ ' -2
o 7 "\ —~TLot2A + + =
z| 8 i _®TP14 HGAOT
= o0 o - o \ =
g~ o Lot IR T Ac——"
E 341800 ' ‘ ' 342000 ‘ ‘ ' 342200 342400 342600 342800
;E- Datum: NZGD1949, Projection: Hokitika Circuit CLIENT PROJECT ;
= Grant Marshall Geotgchplcal Assessment
3 0 25 50 75 100 = Proposed Subdivision, Lake Poerua, Westland
5 Meters : JVB July 2007
2 FGolder L= - ENGINEERING GEOLOGICAL PLAN
3 AS es LRC 24/9/07
g SCALE PROJECT No REPORT No REV No FIGURE No
g 1:3,000 A3 | 06812016 R06812016-02-v2 1 5

File Location: $:\2006Jobs\06812016_Marshall_Subdivision_Poerua\2_Tech_|nfolArcGIS\Engineering-05_2007.mxd




PXW UeideneMEBINSIL00ZYSID2IOJUI Yoa L~ Z\ENIB0 LOISIAPYNS | [RUSIBIN 9L 0ZL290\SIOr900Z\ 'S "U0NEDO T 8]l

SIPLDOSSY,

wpioD o)

9 0 TA-Z0-9L021890Y || 910Z1890 oY 00G°/:L
ON 39N9I4 ON ATY ON 15043y ON LO3r0dd A7VYOS
LO/BI¥T oy
3lva a3axoaHO
N¥Y1d 3IAVM I9HNS =
ALIL =H0e-clk alva sk NMYHAd
puepsapp ‘enisod aye
‘ ; f [leysiely weis
uoisinpgns pasodold ‘JUSWISSassY [BoIULd8l0as) B TR

|

[T T T 17T
slejPN 002 0oL 0§ 0

I
2861 ‘eimusu| aydelBoueeoQ ZN I ‘UMl |
‘ewhyreg poog: | eniaod aye syue| ayen “mu._:.vw

S Remipey
. | . uonsodag
Nof o seuuny

Kemupeq
uomisodag

B T Tl

puo deyy 7N :uenoelold ‘6r6LADZN (Wnieq

(Aanuns 200z) ebpe aye

e,
p———-

xew wgp iypdeg
THW GZ L~ [on8T 2yeT

NOILD3S

Err————

WBLAdes sebulyul uoissiuued usyum Jnoum Led i 1o Aloum Jete ugid SiU} Jo uononpoJdsl Jo esn pasliolineun “pi (ZN) selenossy Jap|oD jo JyBUAdoD auy §1 BUIMEIP SIUl UG PaUIBILOD LONELLIOM|

‘P11 (ZN) sejeio0ssy Jepjoo @




L ZA-20-91L0Z1890Y 91021890 swbse |y umous se

'ON TunoK "ON {40d3y 0N L03r0dd pUNg wojesjord J9Ay 371 W08 §
. =4
L0/6/vC od1

NOISIA ANNE NOILIILOYd ¥3IAIY gI0aHO AIPJOD) s m
T1LL NOON uaow 3lvad >>—.. N

Naavdd

|||é'

puelisep 'ensod ayeT ‘uoisinpgng pesodold [Juswssassy [eajuysaloan R leYsiey jueic; IN3no

ouqge; aixeioel yum

pauy Afiny 195i8eq UoigeD)
FIvVOS 0"

leuSjeWw LoM Al200] im Jevseq uoiqes
PaIIIIoEY 19)SEq UoIgeD) cisgiqoteisistas alm pasiueneb
ofnieid — 1o pajeoo onseld
§ feosseasaossanaseass
UOQOBOEOGDHG o0,
G asoGanegasoans
o oa0p00e080000ed

||||||||||||| \ll\wvr
(onewsyos)
pECT NI

B,
3]
{7
ado

wg'2

uw Hg'L

=

U HE'L

rd -
s1afe] ul pejoedwos |BLUSELW s

Wg=<® 2| la)ewd
JUSLURGLUD Lom Al[ED07 Wl 10 =< =q) jetizy

e LI)'T Buunowe uom Ajleoon

@ P11 (ZN) s9iE00ssy JopioD BuAdoo seBuuyul uossiuned Jroyym ued Ul 1o AlIoum Jeusle ued siLp yo uonsnpoldey 1o B8N PESLOLINBUN By (ZN) SBjeI00ssY Jepjos) 10 [yBLAdDD 68U} 51 BuImEIp SIL) U0 PBUIEIUOD UORELLIO)
+ i r Kl ' . v . a Al . 3 ) u ) v ' ; H

‘ 3 1 . \ . 1

Lo D R S S AU RN SR SR ooy ] _ j :
o [E———— [— J E } H . ] -

I ]
e —_—




Approx extent
of proposed e T

q subdivision =

' (total area)

]
|

? Miliand Retway Approximate extent of
: residential lots within
proposed subdivision

| oo : Sl : Mine Creek
| o fan delta
: \! i

Inchbonnie Rtoau Road

TITLE
Site Photographs

PROJECT Geotechnical Assessment, Proposed Subdivision, Lake Poerua, Westland

CLENT  Grant Marshall ——— A1
Comments DRAWN M DATE  21/04/06 PROJECT No. 06812016

CHECKED LRC [ 3g07/07 SCALE na Ad




v m_m_:o_“__ 9L0ZE8A0 oy somroudl YV Ed T1v08
PUBJISB\\ ‘BnIB0d @3ET ‘UOISINPANS LOIZOI0E  guvq T gaoano
pasodold ‘Juswissassy _mo_::um~omo 193royd 000Z/S0/LZ  awva W i

|
sydesBojoyd syg | — lleysIEp JUBID NS0

JusWWon

pal U pejesipul 9UoZ UM
1N290 0} peusul @0l Jne

sdieos Jusoa!
fq pauyep
A

So_m___m_.._.oEmwm
Aq paunep se abuel

-




\

brls assumedto have
blocked lake outlet in 1991

-

TITLE

Site Photographs

PROJECT

Geotechnical Assessment, Propesed Subdivision, Lake Poerua, Westland

CLIENT

Grant Marshall

FIGURE A3

Comments

DRAWN

JM

DATE

21/04/06 PROJECTNO. 05812016

CHECKED

LRC

DATE

30/07/07 SCALE na Ad




APPENDIX B

TEST PIT AND SCALA LOGS
AND PHOTOGRAPHS

Golder Associates



REPORT OF TEST PIT: GA 01

SHEET: 1 OF 1

CLIENT: Grant Marshall COORDS: 2386465 m E 5831450m N LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACE RL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 3.50 m LOGGED: JM/RB  DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
@ > g
g4 sricon |Blo |E zly|2 DCP TEST (A$1288.6.3.2) &
§ Ele | o FIELD TEST % T = SOIL  ROCK MATERIAL DESCRIPTION E 2 e Blows per 100 mm &
G851 B8 |oer 2|3 2% 5 w1 Eh
g Eﬁ_&_ é Eé RLTH g (%9 g g g _8_31 1 1 ____T_I __285'_ ;5
0o TE¥TOL ] ORGANIC SILT o
- P = dark brown organic SILT P~ B
. L, - firm, maist 1
- (TOPSOIL)
7 = SiLTY SAND b
4 grey and brown silty SAND % N
L - medium density, moist
0-5-1 Shear Vane test Tkl [(ALLUVIUM) ]
L — Fv=67/13kPa at %L E
470 {05 m . N I | ]
ML SILT I
x =l
1 Shear Vane test e grey and brown SILT ]
- Fv=66/16kPa at Nr gﬁu\r‘?}ﬂﬁ) -
1.0 a&m “x . _
ear \fane test x %
— FV=63/13kPa at x * x E
| 1.0m ™ x
€ | 1.25 « = ]
4 4 Pp.|GW| SANDY GRAVEL |
& LY dark brownish grey coarse sandy GRAVEL
& y %0 oo, - dense, moist, well graded, subrounded, greywacke 7
8 1.5— g dasts up to 0.6m diameter _
E | et (ALLUVIUM) |
o
f - bo'd‘_’h -
3 & i 55 9 = |
,g_ o o)
d:, 9 60 4 -1
@« o Q|
: 20 o .
g T o T
g i Loy i
% N AR i
Fi .a
é H - n‘o?',o o |
] 25— 25 4 -
= . b
2 E D&, i
B <
2 1 7o -
: ] 9d 4 ]
o) X
- 10 *
3 8.0 o d .
7 1: e 0.0 .
a =
EI 'E T goo f 7
5 8 . 0 o d i
g 5 2 o
g g 1 .00. o.ﬂ h
2 55-.]..280 o _|
| : TEST PIT DISCONTINUED @ 3.50 m
§' - GROUNDWATER NOT ENCOUNTERED -
'%’ _ Backfilled ]
!DI A -
2 4.0 ]
Q N .
g
g 2 i
w
g -1 -
é i -
2 4.5 _
m
] T J
= 4 i
ol
g i J
8I
X 4 i
gt —Lt—lsp—- e 4 e T ke B
%
a

This report of test pit must be read in conjunction with accompanying notes and abbreviations. It has been prepared for geotechnical
purposes only, without atternpt to assess possible contamination. Any references to potential contarnination are for information oni;

and do not necessarily indicate the presence or absence of soil or groundwater contamination. Gap gINT FN. EE“zf
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t SHEET: 1 OF 1
h CLIENT: Grant Marshall COORDS: 2386505 mE 5831491 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACE RL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 3.80 m LOGGED: JM/RB  DATE: 20/3/06
[ JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/G7
Excavation Sampling Field Material Description
fa Q 1) 2
&% eor |Elo |E z @ 2 DCP TEST (AS1289.6.3.2) &
I SIEE| i cw ﬁﬁ“ﬂg TES$ gl | E SOIL / ROTK MATERIAL DESCRIPTION ¥ 3|6k Blows per 100 mm o
G (38l 5| &2 |oa 3 g 2 HE 22, 5 10 15 20 ]
U8 5| BE o 238)8 SlofgEe 5 0 15 o |Ess
0.0 ST STOL [ SANDY SKT
l 1 a5 -y dark brown sandy SILT E
- _ =ML k- Tirm, maist ]
; ) x (TGPSOIL)
¥ i x| | GRAVELEY SILT T
N X light brown SILT with some gravel ]
L X, © X
l ’Q - firm, moist, well graded, subrounded greywacke
0.5 e gravet clasts -
. 4 < e (ALLUVIUM) ]
] o -
% *
. ] 0.80 X ]
I ° o IGW| SANDY GRAVEL WITH SOME SILT
. . 24 0 dark greyish brown sandy GRAVEL with some silt b
- 1.0— o0 - dense, moist, well graded, subrounded areywacke _
. LR gravel clasts fo 0, 1m diameter
E Py o - iron pans from 1.2m to 3.6m -
B N 6 ' ~ boulders up to 0.35m diameter from 2.5m ]
o
l £ P o0 ~ pit walls caving in below 0.8m
. 3 . spd | ALLUVIUM) -
a a- "o
F 1 b.ﬂ‘g'o T
5 — O _
B g 15 oo
l g 1 259 -
- 5 ¢
4 O o |
5 0
e N o e 0 _
gl « 5
’L il w T n'a?‘:o = T
. g 2.0— 050 —
. LI
5 P 1
< - 223 1
z Facd
| I 1 74 o .
L. : ] o ]
: 26— e .
s . 25 9 .
m 0. - 0
g | o ]
L 2%
5 ] ]
g 7 o&'obu .
) of 3.0— 24 4 —
- ! M 1
1 Fr
g 00'60
( ) 2 3 7 L "]
- %\ § 3.5 :ﬂ °: ]
1 i ]
) §. g 3.80 b;,'o. 9, i
| § TEST PIT DISCONTINUED @ 3.80 m
s = GROUNDWATER NOT ENCOUNTERED 1
g 40— Backfilled |
z .
o . .
o g
L d ] -
e o
w b .
(V]
& 4 i
]
. [ 4.5— —
| 3 - ]
- g
=
E ] -
& i .
3
o - -1
| z
- '5,———-———5.-9— _—— - — - -t ——— L -4 1 L
§ This report of test pit must be read in conjunction with accompanying notes and abbreviations. [t has been prepared for geotechnical
9 purposes only, without attemp? {0 assess possible contamination. Any references to potential contamination are for information onlé
and do not necessarly indicate the presence or absence of soil or groundwater contamination, AP giNT FN. ;E;f
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%Goldﬂ REPORT OF TEST PIT: GA 03
s SHEET: 1 OF 1

CLIENT: Grant Marshall COCRDS: 2386537 m E 5831524 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACERL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 4.00 m LOGGED: JM/REB  DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
Zw [m] © 5 %
<p3) g ] Zlwig DCP TEST (AS1289.6.3.2) | &
Q158 o | 1o SAMPLEOR w2 | E SOIL / ROGK MATERIAL DESCRIPTION w5 e Blows per100mm |5
g 55 B L2 FIELDTEST |B|E | & E| 5 (85 g
= (7] [&] [CR ] = |Zz2
LGB 5| 8 e 5288 glofggp 5 0 15 2 |Es
0.0 T0 Y] ML | ORGANIC GRAVELLY SILT
= dark brown organic gravefly SILT ]
| - firm, moist v ]
L 030 s (TOPSOIL) ] ]
7. °|GW| SANDY GRAVEL o
1 o4s 208 orange brown silty sandy GRAVEL > -
|| 0.5— - | §P | - very dense, moist, well graded, subrounded 1 |
; B greywacke gravel
b A - weakly cemented due to iron pan development =3 -
N ool | ALLUVIUM) = ]
0,30 SO SAND
52wyl dark brownish grey SAND | N
_ o °§ - moderately danse, moist, poorly graded medium _
N sand
1.0—| b2 () (ALLUVIUNY ]
. 04 | SANDY GRAVEL -
_ o O orange brown sandy GRAVEL with some silt
Eﬁ :_:O @ - dense, moist, well graded, subrounded greywacke] T
% 1 "ﬂ"; gravel clasts up 60mm diameter |
% X b o - diseentinous no fines gravel layer at 1m depth |
N ol approximately 0.2m thick, appears on both sides of
5 1.6— ° [Y{ the pit _
3 i D - multiple iren pans from 1m to pit base |
3 o | @aLLuviom)
& 7 ;D < J
a i = D ]
o ol
3 : s i
! ﬁ 20 )D Dg =
$ lw
2 _ o B"{ _
3 4 @ D i
s 7 e 1
w 4 o b o K
< Q]
@ 2.5 a({}og I
& - b |
& P ¢
H . 232 J
z g Pos i
q :’5%
a N J
u.I - D ]
% 3.0 DCl
: ] e '
E =3 J
3 1 7O 1
B o (40
s <
3 1 X 1
3, 3.5 Z&u -1
%‘ b . 29 A ]
]
ﬁ é _ D ‘D'Q ]
= =1
8 ; i b C’: ]
g Sl | s00 -0 _
2 i TEST PIT DISCONTINUED @ 4.00 m
% T GROUNDWATER NOT ENCOUNTERED 1
g i Backfilled ]
o
L)
w 4 i
E - i
z 45— ]
g 4 i
z i ]
& i J
3
] - -
ES
£
L&)

This report of test pit must be read in conjunction with accompanying notes and abbreviations, It has been prepared for geotechnical
purposes only, without attempt to assess possible contamination. Any references to potential contamination are for infermation onlé
and do not necessarily indicate the presence or absence of soil or groundwater contamination, AP gINT FN. gﬂf
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CLIENT: Grant Marshall

PROJECT: Lake Poerua Subdivision

REPORT OF TEST PIT: GA 04

SHEET:

COORDS: 2386574 mE 5831551 mN LOCAL MACHINE: ZX120
CONTRACTOR: Grant Thomas

SURFACE RL: m DATUM: LOCAL

This report of test pit must be read in canjunction with accompanying notes and abbreviations. It has been prepared for geotechnical
purposes only, without attempt {0 assess possible contamination. Any references to potential contamination are for information onl
and do net necessarily indicate the presence or absence of soil or groundwater contamination.

(Y‘:-AP gINT FN. Foif]
RL2

LOCATION: Westland PIT DEPTH: 3.70m LOGGED: JM/IRB  DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
(L) > o)
¢ AMPLE OR B B Zlul2 DCP TEST (AS1289.6.3.2) E
955« | -5 SAMPLEOR 4 £ SOIL/ROCK MATERIAL DESCRIPTION | £ | 5 152 Blows per100mm |5
L |gefw; =8 o) @ c| 5 las g
5128 5| 58 |oepH 2 2 g S |35l £
= | = | BE TR o S =00 23]
0T OL [ CRGANIC SILT WITH SOME GRAVEL =
- ML dark brown organic SILT with same gravel — ~
| - firm, moist, greywacke gravel clasts i
(TOPSOIL)
T SANDY SHTWTH SOME GRAVEL w N
] light brown sandy SILT with some gravel N
0.50 i -firm, moist, greywacke gravel clasts
9.5 - |Syy) - Oreywacke gravel concentrated in lenses — —
] - | approximately 200mm thick i
WALLUVIUMY el . ! o
T SAND = N
- grey SAND i
0.50 - - leose-very loose, moist, well graded
"7 0| GW) - gradational change into overlying unit ]
1.0— 2 (ALLUVIUM) |
_ %0 & SANDY GRAVEL i
LY. grey sandy GRAVEL
€ T o - medium dense, moaist, well graded, subrounded 1
o 4 9 A greywacke gravels |
o L o - several fines free gravel beds in sequence
% T 2 - channel infilled with grey loose sand in one wall 1
= 1.5— 9! approximately 1m deep |
g ; i - pit walls ccllapsing below 0.9m
£ b o - becoming dense at 2.7m ]
& ] Ko (ALLUVIUM) .
g ] s o i
£ 26 2. = =
i\ T :0 o 7
% 2.0—- °jg' ] ]
2 25 1
a 5
£ 8 0. -
g i _00 i .
g ;‘0. !
il} - F -
§ D'.o'
2 2.5— K ]
] . 2o
3 2. ]
= — 4 24 | ]
g o
B I 94 -
i 1 o -
. . 24 .
2 &0 s
& 1 L% E
2 H - e a ]
Z| JO )
o - - o .
@ H (4
= g 'a
g A o, 1
=] | &5,
2 2|85 25 7
g 5 - 7o .
& = 3.70 0 gy - i
g TEST PIT DISCONTINUED @ 3.70 m
< B GROUNDWATER NOT ENCOUNTERED b
& | Bacifilled |
«
2 4.0 -
o -
3 ]
f=1
5 4 ]
o
% = -
& - ]
=]
g 4.5— -
9 i ]
]
= J ]
&
g 4 ]
UI
N 4 ]
z
%u - T T == - - - - - === ST T T T T ]




i TITLE Test Pit (GA 04) and Spoil Pile Photographs for Lot
= =
= ‘é £ GOldgr PROJECT Geotechnical Assessment, Proposed Subdivision, Lake Porerua, Westland
ASSOCIAIES [ o0 vorehal B4
Comments DRAWN JM/RB DATE 23/03/2006 PROJECT No. 06812016
CHECKED LRC [PATE  24/09/2007 [scALE na Ad




REPORT OF TEST PIT: GA 05

es
SHEET: 1 OF 1
CLIENT: Grant Marshall COCRDS: 2386605 m E 5831580 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACE RL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
I LOCATION: Westland PIT DEPTH: 3.70 m LOGGED: JM/RB  DATE: 20/3/06
JOB NOQ: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
7 =1 [a] Q a %
[e}5] u B QZ: W o DCP TEST (AS1289.6.3.2) E
3 5.5 vl o7 ﬁ@ﬂg'ﬁg? g E SOIL f ROCK MATERIAL DESCRIPTION u 2 7} Blows per 100 mm &
O 350l 2 5| 2|22 s 10 15 w3
Lghis| &g o §88|% Blojgg s 10 15 |
. 0.0 Y7 YTML| ORGANIC GRAVELLY SILT N
4 015 IR dark brown organic gravelly SILT k
] e Gl - firm, moist, well graded, subrounded greywacke 1 ]
o °,5 gravels
. 2;0-0 (TOPSOIL) -
[ - p=2C) | SILTY GRAVEL WITH SOME SAND g 4
: ;(I}} light brown silty GRAVEL with sand
0.5— 5.0, -medium dense, moist, well graded, subrounded —
4 060 | 9 (: greywacke gravel clasts - |
"o {GWALLUVIUM)
7 244 |SANDYGRAVEL il
E | o dark brownish grey sandy GRAVEL E
| f.o. : - medium dense, moist, well graded, subrounded
(o greywacke grave] clasts up to 150mm diameter ¥
1.0— 059 - fines free channelised gravel ©.2m thick 1m wide —
i oo below 0.6m
LY - minor iron pan development ]
g E oy - pit walls collapsing below 1.8m and the sandy -
E i a4 GRAVEL becomes dark groy ]
8 o0 | (ALLUVIUM)
g | 07 4 ]
5 — 0.7 -
g 1.5 o
_ 3 b 5;’0.::,90 |
’é 7 eb.ac',o b
5 4 0 g - 4
;l H T Pc?.é.b 7
:4 2,0— 201 —
- i} 5;’0..:,9
ey B 0 4 ]
é ] u'oio % B
2 2.0 9
o 7 N ]
. g ] 26 7 ]
z P s?,
£ 257 70 4 7
g 7 e =" .
< ‘0.2} 9
T 1 o 7 u T
..... D5,
EI — _ﬂa L -1
g 4 7 4
g 949
% 3.0— :,05: —
g I .22, ]
= _Da q
2 3 8 ey .
= ] _ 3
2 § O b, N
R (o g
3 5 ] | 0. T
& < 370 ek |
ES TEST PIT DISCONTINUED @ 3.70 m
a T GROUNDWATER NOT ENCOUNTERED -
& | Backfilled E
2
2 4.0— —
8 4 i
&
g . -
W
E: | i
bu ]
z 4.5— -
o
H i i
g 4 _
=
! - +3
_J_____. - - _IJ____ ____________________ - J_u__ 4 1 1 L]

GAPS_0-1NZ_ClI

t
©

This report of test pit must be read in conjunction with accompanying notes and abbreviations, [t has been prepared for geotechnical
purposes only, without attempt {o assess possible contamination. Any references to potential contamination are for information onl

and do not neeessarily indicate the presence or absence of soil or groundwater contamination. Eap gINTFN. ;E;f
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REPORT OF TEST PIT: GA 06

SHEET: 1 OF 1

This repart of test pit must be read in conjunction with accompanying notes and abbreviations. It has been prepared for geatechnical
purposes only, without attempt to assess possible contamination. Any references to potential contamination are for information on[é
and do not necessarily indicate the presence or absence of scil or groundwater contamination, AP gINT FN. E?_;f

CLIENT: Grant Marshall COORDS: 2386642 mE 5831610 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACERL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Waestland PIT DEPTH: 3.70 m LOGGED: JM/RB  DATE: 20/3/06
JOB NO: (6812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Materfal Description
Zw o © 5 g
Sg LE OR W H é W & DCP TEST (A51289.6.3.2} g
SER | xw oL er |31 | E SOIL/ROCK MATERIAL DESCRIPTION | £ | 5 [5p Blows per 100 mm |
H R HEEE G128 s 10 15 20 |Ems
YEE 2| 48 2153l2 Olgpgp & 10 15 2 |fm
o9 3% Ol | ORGANIC GRAVELLY SIET N
1 o015 A dark brown organic gravelly SILT E
] ZET firm, moist, well graded, sub rounded greywacke 1 ]
Y gravels
b AR TOPSOIL) 1 E
o LY SANDY GRAVEL WITH SOME SILT ! .
o o0 brown sandy GRAVEL with some silt
0.5 oy - medium dense, moist, well graded, subrounded botncin ]
] o, s greywacke gravel clasts o g E
M Do |- discontinous band of gravels at 0.7m. minimal fines =
7 oo and 10% voids )
N Iad |ALLLVILY) |
i 00. 0 ]
o o
1.0— o 0 o —
- 1.10 P - i
%5 0| GV SANDY GRAVEL
e 1 0 n 9 light grey sandy GRAVEL a -1
E 1 % o, - dense, moist, mederately well graded, subrounded | ]
ha 2 5 greywacke gravels a
g E 0 - discontinous 0.2m thick grey mediurm-coarse SANE = E
5 1.5—] 0. 1 layer at 1.3m depth. medium dense, moist _— _
8 o8 ~discontinous 0,2-0.4m thick horizon of no fines
g B 4 4 gravels at 2,5m depth b
& i R (ALLLVIUM) i
8 i 749 i
HE ae =
él T :0 : 7
— ¥y —
: s -
'
§ i 4 0 |
z o'o. ‘o
ri] . = N
o LN
% M-H - _:aj o'; .
2 2.5— 59 —
2 7 207 o |
2 -4 Jo -
g 3.
& - 5 o7, g
= i o4 4 ]
I" g %9 5°
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REPORT OF TEST PIT: GA 07

SHEET: 1 OF 1

INZGDT 24/09/2007 4:09:21 p.m.

|ELD_DATAWGE12016 LAKE POERUA.GPJ GAPE_0-

ARSHALL_SUBDIVISION POERUAY_F

FULL PAGE S)\2006J0BSWE812016_M.

GAPE_0-1NZ CURRENT,GLEB

CLIENT: Grant Marshall COORDS: 2386712 mE 5831661 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACERL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 3.60 m LOGGED: JM/RB DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
By 2 ol .2
;Q_-% SAMPLE OR [ o 2 E|w & DCP TEST (AS1289.6.3.2) 5
858 = | 3 FeELoTEST |2 E | & SOIL/ ROCGK MATERIAL DESCRIPTION uwisise Blows per 10¢mm |5
B38| & | B8 |oee 85‘” g & E%go 5 10 15 20 |g
UEJ ElSE g 85 RLTH % (59 UD) g g 83 L ] 1 1 L 5_?'5
0.0 ML | ORGANIC SILT WITH GRAVEL
T brown organic SILT with gravel -1
L ] - firm, moist, uniformly graded, subrounded |
greywacke clasts, coarse gravel
1 {TOPSCIL} 1
0.40 )
] *-|SWi COARSE SAND WITH GRAVEL ]
0.5— dark brown coarse SAND with gravel -~
| -dense, moist, well graded, subrounded greywacke i
Sl clasts
B A (ALLUVIUM) B
0.80 L
*f-’p_ & {GW| COARSE SANDY GRAVEL T
1 LR grey coarse sandy GRAVEL |
1.0 iRy = medium dense, moist, subrounded greywacke _]
‘ 4 4 4 gravel clasts
- % o2, - becoming dark grey at 1.4m -
4 X (ALLUVIUM) ]
Dﬂ' 6D
1 05 4 y
o -0
E o i
15— f‘o‘?)' o -
4 0 5, 1
o, o
I 75 ]
& - o2 = .
1 56 4 1
=JNE -]
L 20— 'o_o‘a d -]
- oo .
4 0
1 3";2,5’ 2 4
- g’o' 4 .
- Co o, _
0
- 03 :
. _00‘ A N
0., 6
% S
T 754 i
— no'oo -
L
1 s 1
3.0 173 _
i %2, ]
110' .0
3 - D'a.c"o -
£l 1 20 .
g ] AN ]
g 2o 4
% | 3.5— o’ —
= 2.60 a4 ]
TEST PIT DISCONTINUED @ 3.60m
T GROUNDWATER NOT ENCOUNTERED 1
i Backfilled -
4.0— -
45— —

&
b

This report of test pit must be read in conjunction with accompanying netes and abbreviations. It has been prepared for gectechnical
purposes only, without attempt to assess possible contamination. Any references to potential contamination are for information onlé
and do not necessarily indicate the presence or absence of soil er groundwater contamination, AP gINT FN. I:E12f
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%Golder REPORT OF TEST PIT: GA 08
ASSOd.ates SHEET; 1 OF 1

GAPG_0-4NZ

CLIENT: Grant Marshall COORDS: 2386748 mE 5831684 m N LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACE RL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland : PITDEPTH: 4.10m LOGGED: JM/RB  DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
=W a e 5 %
2¢ i g Zlwiz DCP TEST (A$1280.6.3.2) &
215E v L SAMPLEGR uilg | E SOIL /ROCK MATERIAL DESCRIPTION |4 | 5 |52 Blows per 0o mm |55
2 g',; G| E8 FIELDTEST (B[ | & EiE |25 E
|98 &E g231 8 o 550 5 a0 15 20 |G
b RE 5| B2 oz 233| 8 flglagle s 10 15 20 |3
e Y EM[ SILTY GRAVEL
N dark brown organic silty GRAVEL g
_ - medium dense, wet X
032 s (TOPSQIL)
e \1GM! SILTY COARSE SANDY GRAVEL ] 1
R s orange brown silty coarse sandy GRAVEL E
0.5—1 %{3 - dense, wet, well graded, subrounded greywacke ]
P S gravel clasts
E :';cB ¢ - partial cementation due to iron pan development E
_ e b - old stream channel with grey gravelly SILT to 1.1m| |
bOC] |- firm, wet, strikes NE-SW, approximately 5m wide
- 5 .°‘g (ALLUVIUM) e
o b
i rerd |
1.0— g —
A Y z J
e
g ] vl a ]
# A Yole il
3 N Gg T
D
b — o b .
§ L 1.5 LD .
2 . o (%Y .
& _ P J
A ﬁ)@
S . ;ch(_ 4
8 ] 3 ]
ml = eed
¥ 2.0— o -
o 3 - 35}309 i
s 220 79 .
2 o, {SW| SAND WITH SOME GRAVEL
o] -] g dark grey medium SAND with some gravel -
Q i S - medium dense, moist, well graded, subrounded |
< /A areywacke gravel clasts
2 2.5— A (ALLUVIUM) —
& 4 ‘B 4
Z g
él - E 4
3 4 N |
wr [ 5.0—2.00 2 ]
2 - o °| GW| COARSE SANDY GRAVEL
g . LY dark grey coarse sandy GRAVEL a E
o | 0 n® - loose-medium dense, moist, reunded-subrounded == |
| LI graywacke clasts
2 b P o - pit walls cellapsing from 3.5m degpth to the surface E
2 . Wpd | (ALLUVIUM) ]
g g0
i [ Ve 357 SN
<€ -~ . 0.° -
é 0 ¢
T T Cy-] 1
E‘ E B 'a?'; A -
5 5 ]
o 8 . .o.c'a_o h
4 H 20
Z ‘g 40— Péf;? —
3 il 4.10 I, J
g TEST PIT DISCONTINUED @ 4.10 m
5] 4 GROUNDWATER NOT ENCOUNTERED 1
@ _ Backfilled
w ]
: 45— _
o . ]
a
5 i |
&
% - .
N i y
A N O P e S N O Y N N | N R ISR S W A o

This report of fest pit must be read in conjunction with accompanying notes and abbreviations. 1t has been prepared for geotechnical
purposes only, without atlempt to assess possible contamination, Any references to potential contamination are for information onb

and do not necessarily indicate the presence or absence of soil or groundwater contamination. éAP gINT FN. F':Tzf
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REPORT OF TEST PIT: GA 09

GAPE_0-1N2_CUR|

This report of test pit must be read in conjunction with accompanying notes and abbreviations,
purposes only, without attempt to assess possible contamination. Any references to potential contamination are for information enl
and do not necessarily indicate the presence or absence of soil or groundwater contamination.

SHEET: 1 QOF 1
CLIENT: Grant Marshall COORDS: 2386868 mE 5831799 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACERL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 4.40m LOGGED: JM/RB DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description

Zuw [m] —_ g 5 %

Eg SAMPLE OR u o Fi 2w & DCP TEST (AS1289.6.3.2) E
8|58 = | c7 fETest (2| | E SOIL / ROCK MATERIAL DESCRIPTION 2|2 [eE Blows per tobmm |
Elogl 2| ES 8|3e! g El k|22 g

DEPTH
g fﬁg é E‘IJE, RL E (.'19 g g g 8% ? |5 1|U 1|5 2|0 B :ljs
ur Py o |G| SANDY GRAVEL
1 ¥R dark grey coarse sandy GRAVEL E
_ %% &0, - louse {o very loose, moist, well graded, subangular |
J 4 clasts of schist up to 0.1m diameter.
s
= s o - at 1.4m becoming dark brown with increased large E
N 0.7 g clast content i
o .o, (ALLUVIUM)
.5 05 6 -
- oo, -
] 539
004 aD
| L |
LY 2 i
1.0— P:a.é_,.“ —
N -:_Q : .
B N o
¢ 0. 3 ]
2 o " o
3 T 0.5, i
: X -
~ GPA
(I 5] K .
g 4 0o i
3 45
- — oa' ! -
g 1.60 6 4
2 J
z ’_":R_ ML{CLAYEY SIET
<) E e 1 yellow grey mottfed orange brown dayey SILT E
; 20— —x 1 - soft, wet, discontinous 0.2m thick organic soil on silt ]
3 - Fl_x_. surface (buried topsoil)
: i e | ALuvium i
g ﬁ T e —1 7
& 4 ] 4
S R
w - e X -
— 1
— (2]
é 2.6 e .
] pllve:
5 T | E—_ T
g i - x i
Eyl
DI 3 X_-_: -
8 _ X 1 4
Z ]
o 3.0— poillagn -
E | 3.10 =] =z | i
8 "0, JGW] SANDY GRAVEL
= -] 2n 0 dark grey coarse sandy GRAVEL (alluvium) b,
5 i o &0 - dense, wet, well rounded clasts of greywacke
<] (2 i
2 X - two iron pans approximately 0.3m apart
= ] P o) - water pocling in the base of the pit 5
E] 3.5—] CEX (ALLUVIUM) |
g" |  g.o" |
T 20
2 4 0ol .
= M. g0 a
ol 5 i Q.O. o i
5 s Jo
g s i 6.9 i
ARHES o -
g . 75 ]
g -] N a3 g ]
?j g o'o.ogn
w i — a4 -
g \5; 440 ol .
4 - TEST PIT DISCONTINUED @ 4.40 m
I 4.5— Backfilled —
o3 b A
= N i
&
I - -3
. — 5:6 —_— e — _ e e e e ——— e — —— — ] —_—r A e

It has been prepared for geotechnical
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REPORT OF TEST PIT: GA 10

SHEET: 1 OF 1

This report of test pit must be read in conjunction with accompanying notes and abbreviations. It has been prepared for geotechnical

{ CLIENT: Grant Marshali COORDS: 2386217 mE 5831676 m N LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACERL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 3.00 m LOGGED: JM/RB  DATE: 20/3/06
! JOB NO: 06812016 BUCKET TYPE: 900mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
2w [m] Q 5 %
g9 SAMPLEOR | B 3 £lula DCP TEST (AS1289.6.3.2) &
i 815% ¢ | om AMPLEOR lu(g | E SOIL / ROCK MATERIAL DESCRIPTION | ¥ | 5 |52 Blows per 100mm |5
2 |Zhl & EE FELDTEST |B|E | & Lle|eE :
o |g8 B | DEPTH IR o |&&o 10 15
g HEH A 238)8 Dlojgge 5 1 15 w|fm
e ¥ « | ML{ GRAVELLY SILT
1 - LI x| | yellowish brown gravelty SILT -
- | X - firm, moist, unifermly graded, rounded, coarse |
Shear Vane Test X greywacke gravel
7 FV=79/20kPa at p N (ALLUVIUN) E
i 0.2m " x
) % v x ]
[ 0.5— o) % -
0.60 b x A
%' ISM|SILTY SAND
-1 ce light grey silty SAND E
0.80 LA - medium dense, moist i
i %0, & | GWMALLUVIUM)
7 29 SANDY GRAVEL ]
1.0 o =°{ | brownish grey sandy GRAVEL -]
1 LY - loose, moist, fine-medium sand, wefl graded,
1 %5 o° subraunded greywacke gravel 7
e L _ LR - sand becoming coarse below 1.1m i
i H s & - discontinous iron pan at 1.4m
B b L - 0.3m thick no fines coarse gravel layer, continous b
g 4 o o0, across pit o i
~ P ALLUVIUM
gl % €5— ol | ) = -
: 1 iy -
& o o
- E NN u
[=] ..00 a
N T "o o, 1
3 ] 76,4 T
' o 2.00 e | |
Lo s 2.0 TSI SAND -
b B e grey sand layer .
9 | S - medium dense-dense, moist g ]
z AR {ALLUVIUM) g
& i L N
. g 2.40 S I i l
3 55 <0 GW| SANDY GRAVEL ;
@ 2.5— 2o 9 brownish grey sandy GRAVEL —
] | 2 o2, - dense, moist, ccarse sand, well graded, i
3 B L subrounded greywacke gravels
2 H|ZE - oo {ALLUVIUM) a -
. H 3 | 55 i
g 5 °.a°
[} e h o A .
) S lan | 300 5.8 i:o —
g b TEST PIT DISCONTINUED @ 3.60 m
z - GROUNDWATER NOT ENCOUNTERED -
) ] Backfilled E
f 2]
S 4 -
%]
=
- a| 3.5— -
2 - J
x
2 4 J
S
. ® 7 7
. 8
2 N ]
g 4.0—] -
m
9 4
l g ]
5| . N
— @
IIOJ 1 -
& 4 J
d
I z 4.5— -
- [+:]
. a - 1
b=
5 - .
| g A ]
l
2 I ] i
—. st ——d _lgg | _ -4 ] el T & S " EN— Ry N NS p—
g
&

purposes only, without attempt to assess possible contamination. Any references to potential contamination are for information on

and do not necessarily ndicate the presence or absence of soil or groundwater contamination. éAP gINT FN. FOif
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(% Golder REPORT OF TEST PIT: GA 11
Assoames SHEET: 1 OF 1

CLIENT: Grant Marshall COORDS: 2386850 m E 5831647 mN LOCAL MACHINE: ZX120
PROJECT: Lake Poerua Subdivision SURFACE RL: m DATUM: LOCAL CONTRACTOR: Grant Thomas
LOCATION: Westland PIT DEPTH: 3.00 m LOGGED: JM/RB  DATE: 20/3/06
JOB NO: 06812016 BUCKET TYPE: 00mm toothed CHECKED: LRC DATE: 24/9/07
Excavation Sampling Field Material Description
417} =] 9 (:; %
Sy o 3 z w & DCP TEST (A$1289.6.3.2) %
9|58 x| r7 SAMPLEOR w2 | g SOl /ROCK MATERIAL DESCRIPTION | ¥ | 5 |52 Blows per 100mm  |&
il gm i Eg FIELD TEST &l @ ElE %G E
(S8 T |DEPTH QiEgl B o (550 5 10 15 20 Bk
UEJ i} é 8% RL & %9 ‘g g g 8 Bl 1 1 1 165 °
- 7 YTOL | ORGANIC SILT
L . s -3 i, dark brown arganic SILT g .
L] 0.20 e - very soft, saturated || ]
X JOLMTOPSOIL)
7 E CLAYEY SILT “
- 1 arey clayey SILT @ i
zg_x; = stfl, saturated, wood/roots present, high seepage
F= 05 Shear Vane Test =— 1 | rate betwsen 0.5-0.6m .
© 060 | ey ani8kPa at L - lateral change to yellow brown clayey SILT with no | i
E 0.5m PD.'OP GWhwood
2' 7 ' : _: (OVERBANK/SWAMP DEPQSITS) T
§ E s SANDY GRAVEL E
H 1 30 49 brownish grey coarse sandy GRAVEL
4 ¢ o - medium dense-dense, wet, well graded, T
® | 1.0 24 0 subrounded greywacke clasts —
Ll B ]| Vo - pit walls collapsing below depth of 0.6m
- & 2459 - iron pan at 1m 1
g ] E P o - grey SAND bed at 1.8-2mn depth, medium dense g
d| £ ] 0 o 0 - gravel beceming very dense at 2m, dark grey, well g R
5 T O o, rounded greywacke gravels to 0.2m diameter =
8 . 3z d (ALLUVIUM) 1
5l = — Fo.5 _
8l & 15 kst z
' ¢ '
'é T u'o.o;n ]
o - 059 |
4 - ;a_ Py .
& | —] 2349 - .
§ 2.0 ;0;,
= 7 A%y 7]
g J :qo_"a i
# 4]
§ 1 °0. &5, T
w . ¢ o 4 .
3 o N
2 H 2.5— 7y 4 b1 ]
§ i n'o."’o E
© ‘3 A 0
g i, g i
g "o,
DI - ‘05 _ﬂ .
= 4 oo R
[ e | 300 949 ]
g o0 TEST PIT DISCONTINUED @ 3.00 m
B - Backfitled g
g - i
ZI
] 4 E
= R |
2
a| 3.5— -
-
:
[+ 4 - .
g\
2 4.0— _
& - i
g
S ] i
o
w -1 -]
: ] _
2 4.5~ _
i - —
L L] L] L L D N N O O ) S IO IO

GAPE_0-1NZ_CURRENT.GLB

This report of test pit must be read in conjunction with accompanying notes and abbreviations. )t has been prepared for gectechnical
purposes only, without attempt to assess possible contamination. Any references to potential contamination are for information Gnlé
and do not necessarily indicate the presence or absence of soil or groundwater contamination. AP gINT FN. EE;f
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REPORT OF DCP TESTS

CLIENT: Grant Marshall SHEET: 1 OF 1
PROJECT: Lake Poerua Subdivision
LOCATION: Westland CHECKED BY: DATE:
| JOB NO: 06812016
; TESTED: JM/IRB DATE: 203 T: DCP Lot 11 TESTED: JM/RE DATE: 20/03E68&T: DCP Lot 1A TESTED: JMIRB DATE: 20103 FB&T: DCP Lot8a
COORDS: 2386813.0mE 5831703.0 N LOCAL COORDS: 2388413.0mE 5831449.0mN LOGCAL COORDS: 23856720 m E 58316350mN  LOGAL
__| HORIZONTAL ACCURACY: + m | HORIZONTAL ACCURACY: & m .| HORIZONTAL ACCURACY: + m
e re il )
] g =B
[- - &e (AS1289.6.5.2) BElows per 100 mm & 3 (AS1289.6.3.2) Blows per 100 mm & 8 {AS12892.6.2.2) Blaws per 100 mm
ok 5 10 15 20 2 ||6aE|o 5 10 5 20 25 ||e&|o 5 10 15 20 2_5J
( L 1 Fl 1 1 ¥ L 1 fl 1 1 ) 1 E 1 1 1 )
, 05—
1» 1.0—|
1.6
2.0 20— 20—
. i _ -
o - - -
¢
- 3 4 i i
z||2s 2.6— 2.5
[=]
S T -1 -
B
=y
g 1 - -
E - - ..
Ol fs.0 3.0 3.0~
[
& = ~ -
<
=
& . - 4
o
[ - - -
5
: i i 4
N allzs— 3.5— 35
3 ] i i
é 4 4 i
u'l - -
g i
. 3 i a .
a
{ 2l 4.0 4.0 4,0—
z %
@ - - -
=}
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- 8
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X
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This report of penetrometer must be read in conjunction with accompanying notes and abbreviations, RL2

GAP gINT FN, F044




REPORT OF DCP TESTS

BAPE_0-1BETA BRIS.GLE DCP PERTH S\2006J0BS\)80863~1\3_FIEL~N06812016 LAKE POERUAGP.) GAFS_1.GDT 13/08/2006 11:41:42 a.m.

CLIENT: Grant Marshall SHEET: 1 OF 1
PROJECT: Lake Poerua Subdivision
LOCATION: Westland CHECKED BY: DATE:
JOB NO: 06812016
TESTED: JMRB DATE: zomsERET: DCP Lot 11 TESTED: JM/RB DATE: 20/03EE&T: DCP Lot 1A TESTED: JWRB DATE: 2003308 T: DCP Lot8a
COORDS: 2386813.0mE 58317030 mN LOCAL COORDS: 2386413.0 mE 5831449.0mN LOCAL COORDS: 23865720 mE 58316350mN  LOCAL
| HORIZONTAL ACCURACY: + m _ | HORIZONTAL ACCURAGY: + m __| HoRrizoNTAL ACCURACY: 2 m
) % g
= =
E 3 (A51282.6.3.2) Blows per 100 mm [ 3 (AS1289,6,3.2) Blows per 100 mm & B {AS1289.5.3.2) Blows per 100 mm
RAN 5 10 15 20 25 |{2E|o 5 10 15 20 25 ||lo&|o 5 10 15 20 25
L 1 1 L 1 1 1 J i 1 1 I I 1
0.5—
1.0~ 1.0
1,6— 15—
2.0 2.0 2.0
25— 25— 26—
3.0 30— 3,0
35— 35— 35—
40— 4.0— 40—
45— 45— 45—
50 5o

This report of penetrometer must be read in conjunction with accempanying notes and abbreviations. GAP gINT FN. !;sze
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BGL 1161/01
| CP/04/06/012

_ . CANTERPRISE LIMITED
22 May 2006 . University of Canterbury

Private Bag 4800
Christchurch New Zealand

Mine Creek Westland Limited
' ¢/~ Grant Marshall

[ 298 Worsleys Road

Cracroft

T CSHRISTCHURCH

Dear Sir

Re: LAKE POERUA DEVELOPMENT — GEOLOGY & GEOTECHNICS

1. Introduction

Further to your request | have carried out an engineering geological and geotechnical -
assessment of the proposed Lake Poerua Development, Westland. My investigations
have involved the foliowing: )

» Engineering geology site mapping and logging of eight test pits (TP7-14) on
09 February 2008, with assistance from Rob Kinney and yourself. -

» Excavation and logging of four trenches totalling approximately 250m in length
on 05 March 20086, in an aftempt to locate the position of the Alpine Fault.

» EDM surveys on 18 March 2008 to fix the position of the four trenches relative

~ to the lake, although not in absolute elevation or NZ Map Grid coordinates.

e Interpretation of aerial photograph Runs 3613/16-19 and 3614/16-19 flown 16
March 1962, as well as SN 9493 Run E/11-13 flown on 22 February 1996.

e Compilation of a geological map of the Lake Poerua area at 1:25,000, and an
engineering geology plan at 1:10,000 of the immediate development area.

2. Report Objectives

The present report provides relevant geologiéal and engineering geological data on:

» the geomorphological evolution of the site and surrounding landscape;
s natural hazards poténtially affecting the Lake Poerua development; and
¢ foundations and other site-specific geotechnical requirements.

- In preparing my report | have referred to published maps and reports relating. to the
site, and to the history of Alpine Fault rupture: frenches excavated across the Alpine
Fault trace at the nearby Inchbonnie site were also inspected with staff from IGNS on

: 09 February 2006. Correspondence from various parties relating to an earlier

1 ‘subdivision proposal on behalf of yourselves in 2003-4 has been reviewed, insofar as

it is relevant to the current development plan for a different but nearby parcel of land.

1 . . Telephione: +64-3-364 2416
- Facsimile: +64-3-364 2511
} : email: canterprise@cant.canterburyac.nz -
1 " VVebsite: wwwi.cant.cante rburyac.nz

A wholly owned substdlary of the University of Canterbury




3. Site Description

The proposed Lake Poerua Development is located on the south-eastern side of the
lake in an area bounded by the shoreline reserve, Midland Railway and Lake Brunner
(Inchbonnie-Rotomanu) Road (Figure 1). The land proposed for residential usage is
essentially flat lying, with a gentle slope to the north-east and ground elevations from
EDM survey between about 1.5 and 3.5m above the adopted datum of 125.0m for
the present level of Lake Poerua. An airstrip on part of the site shows accompanying
minor surface modification due to localised cut and fill, although it was not present in

1962 and the surface then was unmodified except for farming activities. Materials
underlying this relatively flat surface are Taramakau River-derived sandy greywacke
gravels that are rounded to sub-rounded, with an infilled “swamp depression” area
. and the Mine Creek alluvial fan surface to the immediate north (Figures 1A & 1B).
The locations of Test Pits 7 to 14 inclusive are shown on Figure 1B, and logs are
given in Figure 2B: logs for the trenches (A to D) across the site on an orientation of
145°T are given in Figure 2A, and their locations are shown in Figure 1B.

4, Geological Setting

The land proposed for development at Lake Poerua is located within the Alpine Fault
zone depression, which separates high rank garnet and biotite schist on the eastern
side from the Te Kinga granite suite to the immediate west of Lake Poerua (Figures
1A & 1B). Following Suggate & Waight (1999) the schists are assigned to the Haast
Schist Group of Permo-Triassic age, and the granite is described as a. ‘while
equigranular monzogranite” of Cretaceous age. A zone of intensely sheared granite
or mylonite has been mapped by Suggate and Waight (1999) to the immediate north-
west of Lake Poerua, and is shown on Figures 1A & 1B as “mylonitised granite”. The
Taramakau-derived gravels that extensively infill the Alpine Fault depression exceed
60m in thickness based on geophysical surveys over the area (Grant Marshall, pers.
comm.), whilst the fan gravels are clearly younger and invoive a combination of
debris flow and alluvial processes. The most recent rupture trace of the Alpine Fault
is shown by 3-5m vertical terrace offsets at inchbonnie some 2km to the south-west,
bui no fault trace is visible across the land proposed for development. Landscape
evolution and fault history are further discussed in Section 5 of this report.

5. Landscape Evolution

The course of the lower Taramakau Valley is partially controlled by the Alpine Fault
(Warren, 1967), and its upper alignment by a continuation of the Hope Fault (Gregg,
1964). The Taramakau Valley has been extensively glaciated by westwards-moving
ice, and the most recent moraines are referred to the Moana Formation by Suggate &
Waight (1999). These deposits have been mapped near Kumara, at Moana and near
Te Kinga, and ice probably retreated from the lower valley by about 14,000 years BP
(= before present). This is thought to have created an enlarged proto-L.ake Brunner
that included the present Lake Poerua at an elevation about 130m above sea level,
although subsequent downcutting by the Arnold River through the moraine at Moana
has lowered modern Lake Brunner to about RL 90m (cf Lake Poerua at 125m).



The exposed bedrock on the Alexander Range and at Mt Te Kinga has been clearly
glaciated to form the general U-shaped depressions, and the valley floors have since
been infilled by alluvium sourced from the major river systems and by fan deposits
from tributary gulliesfwatercourses following ice retreat. From near Inchbonnie thick
deposits of Taramakau-derived aliuvium (sandy gravels and gravelly sands) infili the
valleys towards Lake Brunner and Lake Poerua respectively, and the surface braid
channels are still clearly evident on the aerial photographs examined. As noted in
Section 4 the ages of these gravels are uncertain, but the near-surface gravels are
almost certainly younger than 1,000 years BP but must be older than 400 years BP

-

where-they-are-offset by-probably-two-Alpine-Fault rupture-events-atJnehbonnie-

Fan deposition has involved debris-flow events forming the upper steeper segments
of most range-front features from schist sources in the Alexander Range, whilst air-
photo evidence shows that many of these fans have subsequently been modified by
alluvial processes to form more gently sloping lower surfaces. The Mine Creek Fan,
which affects the northern part of the proposed development area, involves an upper
debris-flow unit (“UF” on Figure 1B) and a lower ailuvial surface (“L.LF” in Figure 1B)
that has modified and partly eroded into the older debris-flow deposits. Although the
ages of both fan-forming events are not known, the active trace of the Alpine Fauit is

.concealed beneath both types of fan and is not visible until the range-front above

Rotomanu. This implies that the most recent activity on both types of fan is younger
than 400 years, as discussed in Section 6 below.

6. Alpine Fault

The Alpine Fauit forms the boundary between the Pacific (eastern) and Australian-

.. Indian-(western) Plates. in. Westland,.and_occupies a.zone of shearing. probably up to

2km in width in places. The most recent trace, which offsets the Taramakau gravels
near Inchbonnie, is considered to be active, and Yetton et al (1998) have recognised
fwo rupture events at 1715 + 16 and 1625 £15 AD in central Westland with a further
major earthquake at about 950 + 50 AD from ciustering of rock avalanche ages. The
Alpine Fault trace at Inchbonnie was inspected on 08 February 2006 in trenches
excavated by staif from the institute of Geological & Nuclear Sciences (IGNS), where
rotated alluvial gravels in a shear zone not more than 300mm wide were identified as
the last rupture trace, According to Yetton et al (1998) the two most recent rupture
events on the Alpine Fault extended through the Lake Poerua area, and it is
reasonable to conclude from the height of terrace offset at Inchbonnie that both are
recorded in the 3-5m scarp given that dominant movement is right-lateral or dextrai.

There is considerable-confusion about where the most recently active Alpine Fault
trace extends in the vicinity of Lake Poerua. Both Gregg (1964) and Warren (1967)
show it as extending beneath the lake near its south-eastern shore, whilst Suggate &
Waight (1999) map it as concealed beneath the area proposed for development. A
plan provided from Grey District Council, which is presumably the most recent IGNS
interpretation, shows the fault as a single trace in essentially the same position as
Suggate & Waight. Trenching over a distance of 210m at right angles to this “trace”
did not reveal the Fault to a depth of 2m+ (Figure A2; Appendix Two), and air-photo
evidence indicates that it is actually present below the lake as shown in Figure 1B.



7. Foundation Conditions

In summary the following general site profile has been recognised from the surface
downwards, based on data from TP 7-14 and Trenches A-D (Figures 1B, 2A & 2B):

e Mine Creek alluvial fan deposits of sub-angular sandy schistose gravels and
associated clayey silt lenses, with thick massive medium sands below 2.2m in
TP7 suggesting at least partial deposition into an enlarged Lake Poerua.

* Grey clayey silts with some fine sands occupying a former depression some

Sha-imarea, which—containssignificant organics and-appears to be a former
swamp comprised mostly of overbank deposits up to about 1.5m thick.

e Underlying andfor surrounding Taramakau-derived coarsely-layered sandy
gravels and gravelly sands to depths exceeding 2.5m, rarely with boulders up
250mm in size and interfingering northwards with Mine Creek Fan sediments.

The Taramakau-derived sandy gravels contain sedimentary structures which provide
evidence for deposition from a south-westerly source (ie the present Taramakau

. River), and also include locally cross-bedded deltaic fine gravelly sediments that are

suggestive of at least local deposition into a standing body of water (Figure 2A). This
in turn implies that Lake Poerua may have been higher and more extensive at the
time of fan and fluvial sedimentation, which is assumed to have been within the [ast
1,000 years based on the known Alpme Fauit rupture history. Dating of organlcs from

‘within the swamp depression using *C techniques will provide a probable minimum

age for overbank sedimentation, and samples have been collected for this purpose.

The Taramakau-derived materials are typically compact, but locally loose interbeds
up to about 300mm thick have been identified and in one locality (TP 12) these fine-
medium gravels contained boulders up to 250mm in size. Beds are coarsely layered
and vary from sandy gravels to gravelly sands, generally with a maximum clast size
of 150mm and a median close to 30mm (Appendix 2). The "swamp” deposits which
cover a significant part of the proposed development area are typically soft clayey
silts that are potentially compressible, and as such should preferably be excavated
and replaced by suitably compacted gravel fill if raft footings are to be used. It is
considered appropriate to require specific engineering design of foundations for the
planned building sites given the soil variability, even though the surface is relatively
flat and underlain by compact river-deposited gravels at depths <1.5m.

8. Active Processes

A. Fault-Rupture: The presence of the Alpine Fault controlling the valley within which
development is proposed provides a significant constraint fo siting of dwellings. It is
suggested by Yetton et al (1998) that the probability of rupture for this segment of the
Alpine Fault is 85 £ 10% within the next 100 years, implying a strong likelihood of
shaking damage, but it should also be noted that substantial strain partitioning to the
Hope Fault is occurring in the vicinity of the Taramakau River south of the proposed
development site. Movement on the Alpine Fault is dominantly dextral strike-slip, with
a component of vertical uplift on the south-eastern side at Inchbonnie: Yetton et al



(1998) suggest that lateral movements in this vicinity will be of the order of 2-3m,
unlike the much more substantial strike-slip displacements of around 8m in South
Westland accompanying a rupture of M_~8.0. It has also been suggested that the slip
rates on the Alpine Fault reduce from around 25 mm/yr to about 12 mm/yr at the
Taramakau River (Rob Langridge, IGNS, pers comm, 20086).

The most recent rupture trace of the Alpine Fault at Inchbonnie offsets Taramakau-
derived gravels by some 3-8m, and it is likely that the 1715 AD and 1625 AD evenis
are both recorded by these quite substantial scarp heights. Preliminary observations

of the TGNS frenching on DY February 2006 showed thaf the recently active fault
trace was “stepping” to the north-west, and this is confirmed by detailed air-photo
interpretation and field observations. The scarp feature appears to trend into Lake
Poerua close to its south-eastern shoreline, and this is certainly considered fo be the
most realistic interpretation given that continuous trenching over a distance of 210m
normal to the projected fault trace did not identify any fault or related tectonic feature.
The gravels forming this Taramakau-derived aggradation surface are the same as
those offset by the Inchbonnie traces, and it is concluded that the interpretations of
Gregg (1964) and Warren (1967) were in fact more realistic than those from later
workers such as Suggate & Waight {(1999).

Given the proposed locations for dwellings within the Lake Poerua Development it
can therefore be concluded that the closest buildings to the Alpine Fault trace will be
at least 70m to the south-east, and located on the land that is likely to rise if the next
rupture event is similar to the last two as predicted by Yetton et al (1998). This offset
is significantly greater than the normally accepted figure of 20m setback from a
known major active fault structure, and is considered acceptable given that the Alpine
Fault does not on the evidence obtained from my investigations lie within the
proposed subdivision footprint. This does not alter the fact, however, that substantial
ground shaking (~MM IX) is still expected to occur when the Alpine Fault ruptures
next at this site, and that other effects such as minor seiching could be anticipated.

B. Flooding andfor Aqgradation: Two possibilities exist for flooding or aggradation
potentially affecting the proposed development site. It is certainly conceivable that an
extreme flood in the Taramakau River could breach protection measures, with waters
moving towards Lake Brunner which is some 50m lower than the river bed near
Inchbonnie. However, it is considered much less likely that these floodwaters would
enter Lake Poerua given its elevation at about RL 125m, and the land proposed for
development is in fact still higher at about 126-129m. An extreme Taramakau River
flood event is therefore most unlikely to impact the site, unless the river bed is altered
by major sediment movement or the system otherwise affected by natural processes
such as landslide dam break.

Flooding, and particularly debris movement from fans on the northern side of the
Alexander Range, could possibly affect the site, but again Mine Creek is the only
stream likely to have an impact. The steeper debris flow fans near the range-front
imply large quantities of sediment in storage at the time of formation, most probably
(but not definitely) associated with landsliding consequential on an Alpine Fault
earthquake event. This would certainly explain the burial of the most recently active
fault trace across these fans, especially given the subsequent modification by the



lower alluvial fan systems that have reworked sediment in response to entrenchment
of the fan-head streams. In the case of Mine Creek the lower alluvial fan is stable,
and there is no evidence of any activity on the 1962 aerial photographs other than
the Mine Creek floodplain itself. The highway and railway cuiverts and embankments
also provide significant protection towards Lake Poerua, and apart from landscaped
bunding for the most northerly dwelling no direct fan-derived sediment or water
jssues are considered relevant to the proposed Lake Poerua Development.

Y. Geotechnical Constiraints

In terms of s106 of the Resource Management Act 1991 as amended the following
geotechnical issues are considered relevant to the proposed land subdivision:

» Erosion: Erosion from the Mine Creek catchment, or along the strong bedrock
exposures to the south-east of the railway and highway, are not considered
relevant to the planned development. Shoreline erosion on the southern side
of Lake Poerua, whilst possible for example under seiche conditions, is also
not considered to be a significant geotechnical concern with this site as there
is substantial setback of dwellings required by the shore reserve. The land is
certainly not subject to erosion at present, and the future likelihood is minimal.

o Falling Debris: There is no evidence for rockfall debris accumulating from the
ice-shorn slopes of either Mt Te Kinga or the Alexander Range, and there is
not considered to be any possibility of rock debris “running out” onto the

- development footprint. Falling debris is therefore not an issue with this site.

o Subsidence: Minor subsidence could result if foundations were constructed on
the soft clayey silts without appropriate strengthening, but this aspect will be
addressed by the requirement for specific foundation design by a suitably
experienced chartered engineer. Limited subsidence could occur due to lateral -
movement of gravels following an Alpine Fault rupture beneath Lake Poerua,
but there is more than adequate setback provided by the shoreline reserve,
Ground subsidence is therefore not considered to be a significant factor in site
development given normal engineering prudence with foundation design.

o Slippage: Slippage Is not anticipated from either the Mt Te Kinga granite
slopes or from the schist slopes to the south-east, and there is no air-photo
evidence to suggest either past large-scale instability or present potential for
such slope failures. Ice erosion has effectively stripped any shallow cover from
the bedrock surfaces, and the principal “off-site” source of slippage could be
renewed debris flow activity on the upper Mine Creek Fan: however, there is
no evidence from the air-photos or field observations that this is likely to occur,
but the impact of the next Alpine fault earthquake may still be significant in the
schist catchments. ' Slippage within gravels at the southern edge of Lake
Poerua is also possible accompanying an Alpine Fault rupture event, but there
is no evidence for significant shoreline collapse from past earthquakes. Again
the setback of 70m+ for dwellings from the fault trace is considered more than



adequate given the shallow nature of Lake Poerua and the presence of
compact Taramakau-derived river gravels to depths in excess of 60m beneath
the development site.

« Inundation: The potential for inundation of the site from extreme flooding within
the Taramakau River catchment is considered most unlikely give the elevation
of the land proposed for development. There is potential for Mine Creek to
avulse towards the unnamed stream to the south, especially if the relatively
small railway culvert was to block under extreme rainfall conditions, and this

could affect the northernmost building sie. Protection of this land by 2m+ high
landscaped bunds is considered realistic in the circumstances, especially as
sediment movements in Mine Creek couid affect stream-bed position, but the
likelihood of inundation is still relatively low {probably about 1 in 50 years).
Other sources of inundation include rockfalls into Lake Poerua, extreme
discharge from several streams into Lake Poerua raising its level by 2m+, or
seiche effects accompanying an Alpine Fault rupture event. Rockfalls from Mi
Te Kinga are discounted as a possible trigger for inundation, and seiche
effects are unilikely to exceed 1m in height given the small volume of the lake.
Alhough Lake Poerua could probably rise by 1m under extreme fan inflows, it
would require outlet blockage to cause inundation to the proposed subdivision
and there is no field or air-photo evidehce to suggest that is likely.

On the basis of the above assessment | consider that the proposed Lake Poerua
Development is geotechnically sound subject to specific dwelling foundation design
by a suitably experienced chartered engineer, and the construction of landscaped
bunds to protect the northem part of the development area from avulsion by Mine
Creek. However, the consequences of a future Alpine Fault rupture event, the
probability of which is high in the next 100 years, must be accepted by all occupiers
of the site, and this report (together with any other relevant data) should be made
available to prospective purchasers.

10. Further Investigations

In my opinion sufficient investigation has been undertaken to confirm the suitability of
the land for the proposed Lake Poerua Development, and consent for the subdivision
can be issued subject to the following specific matters being addressed:

» Specific foundation investigation and design is to be undertaken for each
dwelling site at the building consent stage to deal with the presence of soft
clayey silts on a number of the sites proposed.

s Engineered and landscaped bunding is recommended for the dwelling site at
the northern end of the development because of its proximity to Mine Creek,
and to allow for possible stream avuision undér exceptional flow conditions.

« Further consideration should be given to the 1 in 50 year design inflows to
Lake Poerua from all sources in terms of building floor levels, especially for
any sites that are within 2m of the present lake level.



1. COncIusions_

1) The site proposed for the Lake Poerua Development is underlain by sandy gravel
alluvium derived from the Taramakau River valley, with up to 1.5m of clayey silt
overbank deposits occupying a 3ha former "swamp depression”: in the north of the
property the Mine Creek alluvial fan, sourced from schist catchments to the south-
east, interfingers with and partially overlies the Taramakau-derived alluvium.

2) In terms of s1086 of the Resource Management Act 1991 as amended the land

proposed for subdivision is not subject to erosion, falling debris, stbsidence, slippage
or inundation: however, the potential for inundation from various sources has heen
recognised, although the risks are not considered to be high, and both subsidence
and slippage are possible issues associated with the southemn Lake Poerua shore.

3) Detailed investigations (including a 210m long trench) have been undertaken to
locate the most recent trace of the Alpine Fault, which has been projected through
the subdivision footprint: my investigations have shown that it is most probably
located beneath Lake Poerua close to its southern shoreline and at least 70m from
any proposed dwelling site, these conclusions agreeing with studies in the 1960s.

4) Whilst it is considered geotechnically feasible to proceed with the subdivision as
planned, the consequences of the next Alpine Fauit earthquake (with an estimated
probability of 85% in the next 100 years) will be severe in terms of shaking and
possible ground damage: purchasers of sections should therefore be advised of the
potential geological and geotechnical implications for the site.

5) Limited further geotechnical data input is considered necessary, in particular
specific foundation design for all dwelling sites at the building consent stage: the
northern part of the development should also be protected by suitably engineered
bunding in case of avulsion by Mine Creek during an extreme rainfall event.
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I trust that the above report is sufficient for your immediate needs, but do not hesitate

to contact me if I can be of further assistance in this matier,

Yours sincerely

DAVIG H BELL

Director ~ Bell Geoconsulting Limited



APPENDIX ONE

Lake Poerua Development
for Mine Creek Westland Ltd

TEST PIT COORDINATES - 09 February 2006

GPS Data Provided by: Rob Kinney



GPS LOCATIONS FOR TEST PITS

Test Pit Number  Eastings Northings Location

TP1 2387925 5832253 Homestead Ck Fan
TP2 2387919 5832231 Homestead Ck Fan
TP3 2387962 5832320  Homestead Ck Fan
TP4 2388035 5832382 Homestead Ck Fan
TP S 2387666 5832588 Kahikatea “Swamp”
TP6 2387684 5832626 Kahikatea “Swamp”
TP7 2386873 5831797  Mine Creek Fan
TP8 2386886 5831674  Lake Poerua Site
TP9 2386844 5831620 Lake Poerua Site
TP10 2386815 5831697 Lake Poerua Site

- TP11 2386696 5831642 Lake Poerua Site
TP12 23866608 5831559 Lake Poerua Site
TP13 | 2386501 5831471 Lake Poerua Site
TP14 2386417 5831448 °  Lake Poerua Site

Note: Coordinates in metres on NZ Map Grid; no reliable elevation data
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~ APPENDIX TWO

Lake Poerua Development
for Mine Creek Westland Ltd

TRENCH PHOTOGRAPHS — 05 March 2006

Photographs by: David H Bell
Bell Geoconsuiting Ltd



Figure A1: General view to north towards Lake Poerua and Mt Te Kinga, showing airstrip.
Test Pits 11 to 13 excavated on western side of clear grassed area beyond first fence.

to typical depth of 2m over distance of ~100m. Note absence of groundwater in trench.
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Figure A3: Compact Taramakau-derived sandy gravels a Upper
part of exposure in photo shows lense of loose gravel to about 400mm in thickness.
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Figure A4: Compact brown slightly weathered sandy gravels at 30m in Trench A. Sediments
locally bedded at this location, with suggestion of deposition as delta into body of water.
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Figure A5: Western swamp margin at about 60m in Trench A, showing clayey silt lenses
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partially enveloped by gravels. Contacts definitely sedimentary and erosional/depositional.

Figure A6: Compact brown gravels at about 60m in Trench A, adjacent to western swamp
margin. lron oxides attributed to permeability barrier formed by adjacent clayey silts.
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Figure A7: Organic-rich grey clayey silts at 90m in Trench A showing numerous rootlets.
Interpreted as overbank swamp deposits overlying Taramakau-derived sandy gravels.
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ngure AQ Gre y clayey sn‘t overbank swamp dpbs?fs' oéying compact sady gr&els
at 170m in Trench C. Eastern margin of “swamp” deposits is located at 178m.

Frgure A 10 Compact grey Taramakau-denved sandy gravels at 190m in Trench C.
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Mine Creek Westland Limited

c/- Grant Marshall
298 Worsleys Road

Cracroft
CHRISTCHURCH

Dear Sir

Re: LAKE POERUA DEVELOPMENT — SUPPLEMENTARY REPORT

1. Introduction

The Lake Poerua Subdivision proposal was reviewed for Grey District Council
by officers from GNS via Science Consultancy Report 2006/221 dated 06
December 2006, and in a later letter (GNS Job No 430W1243) dated 19
January 2007. The following geological and geotechnical report has now been
prepared as a supplementary document specifically in relation to:

» Geophysical surveys of the planned development area by Southern
Geophysical Limited using ground penetrating radar (GPR) methods
on 02 February 2007 (Appendix 1).

+ Trenching on 24 March 20070of specific features along the GPR profile
lines that may have indicated ground deformation in order to assess
their actual nature (Appendix 2).

¢ Results from radiocarbon dating of a wood sample collected from
Trench B (excavated and logged 05 March 20086) insofar as this bears
on the interpretation of geological history (Appendix 3).

It is noted at the outset that the original interpretations regarding the Alpine
Fault location, as presented in BGL Report 1161/01 dated 22 May 2008,
remain unchanged as a result of the above surveys. The present
supplementary report (BGL 1161/05) should therefore be read in conjunction
with my original professional opinion, and in relation to independent
confirmatory assessments by Golder Associates (NZ) Limited. Aspects of
these additional studies are reported separately by that company, and this
report includes as Appendix 1 the independent review by Southern
Geophysical Ltd of Chrisichurch and GPR Geophysical Services of New
Plymouth. Appendix 2 contains an independent review of the March 2007
trench logging by Jocelyn K Campbell, Active Tectonics Specialist and Senior
l.ecturer in Geology from the University of Canterbury, Christchurch.



2. Specific Issues Raised by GNS

GNS Science Consultancy Report 2006/221

The following specific comments in relation to the earlier BGL and Golder
reports were made in the December 2006 GNS report:

GNS were of the opinion that neither report adequately addressed the
location of the Alpine Fault in relation to the proposed subdivision.

GNS suggested that the 1960s 1:250,000 geological maps referenced
in the reports were unsatisfactory and had been superceded.

GNS indicated that their research had located secondary fault scarps
potentially affecting the proposed subdivision area.

GNS recommended further trenching investigations by “trained paleo-
seismologists”, and geophysical methods such as seismic or GPR.
GNS recommended the establishment of a 1km wide “Special Study
Zone” extending 500m either side of the mapped Alpine Fault trace.
GNS were of the opinion that the proposed development was not
“geotechnically sound” because of risks from landsliding and faulting.
GNS commenied that the two reports “understated” the effects of the
next Alpine Fault Earthquake, and failed to satisfy s106 of the RMA.
GNS were of the opinion that significant risk of lateral spreading and
seiching existed at the site from both landsliding and faulting.

GNS Letter Job No 430W1243

After initial responses to the GNS Science Consultancy Report, the following
specific comments were made in the January 2007 letter from GNS:

The proposed response from the developer did not adequately
address the landslide issues and concerns raised by the reviewers.
The GNS reviewers were in agreement with the proposal to assess
the seiching effects as proposed by the developer.

Further work wouid be required to better define the potential effects of
liquefaction at the site during the next Alpine Fault Earthquake.

The iocation of the Alpine Fault requires further consideration and the
south-western subdivision boundary “......is a faulf trace”.

The scale of mapping carried out to date does not allow adequate
definition of the surface faulting or deformation hazard at the site.

The second GNS letter contained as Figure 1a an oblique aerial photograph
that shows the Alpine Fault as a single trace through the centre of the
subdivision area, in the same position as on Figure 8 of Nathan et al (2002),
even though the earlier BGL and Golder mapping and logging had indicated
that this was not correct. it also appeared that the reviewers did not fully
appreciate the proposed subdivision layout, and had assumed that building
was planned on the Mine Creek Fan.



3. Alpine Fault Location — Background

The GNS reviewers clearly regard location of the Alpine Fault trace (or traces)
as being critical to this project, and this is accepted as relevant given the
likelihood of future rupture events affecting the development. However, it
should be noted that a variety of fault positions and structures have been
identified in the vicinity of Lake Poerua, as follows:

e Gregg (1964) on the 1:250.000 Hurunui sheet shows the Alpine Fault

as a single trace emerging from the north-eastern part of the lake, and
continuing as a concealed structure beneath the Mine Creek and
Homestead Creek fans to the north-east.

¢ Warren (1967) on the 1:250,000 Hokitika sheet shows the Alpine Fault
as a single concealed trace passing through the western part of the
subdivision area, close to the shoreline of Lake Poerua but not below
the lake surface itseif.

¢ Suggate & Waight (1999) on the 1:50,000 Kumara-Moana sheet show
multiple northwards-stepping discontinuous traces of the Alpine Fault to
the south-west of the Lake Brunner Road, and a concealed active trace
beneath the subdivision to the south-east of the airsirip.

» Nathan et al (2002) on the new 1:250,000 Greymouth sheet show the
Alpine Fault as a single active trace at the south-western corner of the
subdivision, and as a concealed active trace passing beneath the
approximate centre of the subdivision itself.

e The Grey District Council planning map of the Lake Poerua area shows
the Alpine Fault as a single concealed trace beneath the approximate
centre of the proposed subdivision, in essentially the same position as
shown by Nathan et al (2002) and on the oblique air-photo supplied.

Given the data available at the outset of this investigation from the previous
geological mapping, it could reasonably be concluded that a concealed single
trace of the Alpine Fault passed beneath the subdivision area. The Grey
District planning map indicates a dip of 60° to the south-east for the structure,
with a dominant dexiral strike-slip sense of movement and a subsidiary
reverse component in the dip direction. The trenching that was carried out in
March 2006 was designed to cross this supposed structure approximately at
right angles, and to provide confirmation (or otherwise) of fault position and
aclivity. The detailed air-photo analysis carried out had already revealed that
there was no surface trace in the position shown, and that the interpretation of
Suggate and Waight (1999) to the south-west of the subdivision was the most
realistic (BGL Report 1161/01). It was assumed that a concealed fault irace
(or traces) would be evident within the top 2-3m of the profile, and that any
ground deformation related to past earthquake events would also be visible at
shallow depth. In light of this investigation framework, the comments by the
GNS reviewers about the conclusions reached from the 2006 surveys are
surprising, as was their recommendation that further studies be undertaken.



4. Alpine Fault L ocation — Review

Additional Investigations

As a result .of the GNS review, and the consequent request for further
information, the following additional investigations were carried out under my
direction in February and March 2007:

o Five GPR profiles were completed on 02 February 2007 across the

subdivision footprint, and on the property to the south-west of Lake
Brunner Road, by Southern Geophysical Limited of Christchurch (Dr
Mike Finnemore), in conjunction with G.P.R. Geophysical Services —
Sub Surface Solutions of New Plymouth (Martin King).

» Following provisional interpretation of the GPR data, trenching was
carried out along each of Profiles 1, 2 and 4 on 24 March 2007 o
further evaluate shallow geology, and to aid with final interpretation of
the geophysical data. Logs were prepared by Jocelyn Campbell of the
University of Canterbury, who is an expert paleo-seismologist.

» In addition to the above two investigations that were conducted to meet
the requirements of the GNS review, a sample of wood from near the
base of the shallow swamp deposits in Trench B (0.50-0.55m depth)
was submitted to the Radiocarbon Dating Laboratory at the University
of Waikato to obtain a C-14 date (Wk20708).

The geophysical survey report is included as Appendix One, the additional
trench logs and geological comment by Jocelyn Campbell are presented as
Appendix Two, and the radiocarbon dating information forms Appendix Three.

GPR Investigation Resulis

The following extracts from the Geophysical Survey Report (Appendix One)
summarise the key conclusions from that work:

o “The GPR profiles undertaken on the subdivision site show a series of
well defined, coherent and discontinuous reffectors............... simifar to
previously seen profiles in fluvial and lacustrine/marsh settings.” (p3)

s “Within the depth of penelration of the GPR systems (6m and 13m) no
obvious displacement of the near surface sedimentary units are seen...
(but) several diffractions are seen which are......... likely to be buried
features such as logs or boulders....” (p3)

o “The GPR profiles to the southwest of the subdivision......show a sfrong
discontinuity...... more typical of fault related fealures......." (p4)

The probable Alpine Fault last rupture location is associated with the strong
discontinuity on neighbouring land to the south-west of the subdivision, is
coincident with faulting mapped by Suggate & Waight (1999), and is in the
position identified from site geomorphology in my earlier report (Bell, 2006).



Further Trenching (E. F & G)

The following extracts from the report prepared by Jocelyn Campbell on the

three additional trenches (E, F & G) excavated on 24 March 2007 (Appendix
Two) provide confirmation of the absence of faulting on the subdivision:

“No evidence of shearing or fault displacement was found” (p1)
o “ . .the stratigraphy (in Trench G) indicates that the fluidisation event
post-dates both deposition of the grey sifts and overlying gravel....” (p2)
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e “The site, lying east of the projected rupture trace of the last two
events, would have been lifted relative fo lake level at the time of the
last earthquake (c. 1715 AD)...... " (p3)

s “Despite proximity of the projected fault trace no evidence of secondary
faulting or infense deformation of the sequence was observed....” (p3)

o “.. there is no evidence of the introduction of any locally derived
material..., such as schist landslide or debris flow deposits, associated
with this shaking event (ie the 1715 earthquake)...... " (p3)

Several ground deformation features most probably related to strong shaking
during a major earthquake were identified, confirming the nature of sand
injection structures previously recognised, but the additional trenching has
again established the absence of primary or secondary faulting within the
subdivision footprint. This is consistent with the results of the GPR surveys to
depths of 10m+, and the location of the most recent Alpine Fault rupture trace
is almost certainly some 50-100m offshore beneath Lake Poerua as shown in
Figure 1 of Bell (2006). Any suggestion that the previous trench iogging (ie of
Trenches A-D inclusive) was inadequate or incompetent is strongly rejected.

Radiocarbon Dating Interpretation

A sample of wood, probably a log or root of kahikatea, was sampled between
depths of 0.50 and 0.55m at chainage 108m in Trench B (Bell, 2006, Figure 2;
Appendix Three). Sample Wk20708 gave a preferred age of 254 £ 38 BP,
suggesting a calendar age of about 1700AD and probably pre-dating the last
Alpine Fault rupture: however, as discussed in Appendix Two the wood could
possibly be older than the radiocarbon age provided by Waikato University.
frrespective of this point, the radiocarbon dating and the trench logging carried
out (Trenches A to G inclusive) do together indicate that the swamp feature in
which the silts and logs/roots are present predates the 1715 £ 15 event.

This in turn suggests that the Taramakau River continued o deposit sediment
infto a somewhat enlarged Lake Poerua at least between the 1620 and 1715
faulting events, but that uplift of 2 to 3m during the latter Alpine Fault rupture
stopped further river gravel and overbank silt deposition in the vicinity. There
is no evidence for schist-derived sediment from the Mine Creek catchment
within the area planned for residential housing, confirming that there were no
debris flows from this source generated during recent fault rupture events.



5. Alpine Fault Location — Conclusions

Fault Position beneath Lake Poerua

All the geomorphological evidence from site mapping at 1:10,000 and smaller,
and from detailed air-photo analysis using 1962 and 1996 sets, shows that the
last rupture trace (and almost certainly the two preceding traces) lies a short
distance (~50m to 100m at most) offshore beneath Lake Poerua as plotted by
Bell (2006) in Figure 1. The 250m of trenching undertaken in 2006 failed to

disclose the existence of any fault trace within the subdivision, suggesting that
the advice previously given to Grey District Council was incorrect: the GPR
and additional trenching investigations conducted in early 2007 have similarly
shown that there is no evidence for any fault frace within the subdivision. In
fact GPR profile E-E’ provided clear evidence of major ground disturbance,
probably associated with active faulting, on neighbouring land to the south-
west in the position predicted by my earlier mapping and consistent with some
of the features mapped by Suggate & Waight (1999) in this vicinity.

Of the four GNS and Geological Survey maps referred to in Section 3 of this
report, however, only that by Gregg (1964) is considered realistic in relation to
the subdivision itself, and he does not show the full extent of Lake Poerua
because of the map boundary position. The GPR data, which provides
information on subsurface geology to depths greater than 10m (Appendix
One), and the swamp being less than 1m deep formed on Taramakau-derived
gravels prior to the last (1715 AD) Alpine Fault rupture (Appendix Two),
together in my professional opinion establish conclusively that the fast (and
earlier) Alpine Fault rupture traces do not pass beneath that part of the
subdivision proposed for residential housing. In fact the actual fault position is
at least 70m from any planned dwelling site, compared to the 20m setback
normally advised (Kerr et al, 2003).

Planning Implications

On the basis of the detailed investigations undertaken both prior to and as a
result of the GNS review, it is concluded that the information shown on the
Grey District Council planning map is incorrect. Similarly, neither of the
recently published GNS maps (Suggate & Waight, 1999; Nathan et al, 2002)
is correct in terms of the Alpine Fault location shown on the land proposed for
residential housing. In addition the detailed investigations carried out for this
subdivision proposal do not provide any justification for the recommendation
in GNS Report 2006/221 that a 1km wide “Special Study Zone” be established
500m either side of the mapped trace of the Alpine Fault. Trenching has been
completed for more than 200m across the suggested fault trace, GPR surveys
have identified a probabie location for the Alpine Fault in the position mapped
during this study, and subsurface data to depths exceeding 10m have been
provided by geophysical methods within the subdivision footprint.



7. Other Geotechnical Matters

Ground Deformation Features

The stratigraphy exposed in Trenches E, F and G is essentially the same as
that exposed in the earlier trenches, especially Trench D across the channel
margin on the western side of the former swamp. A lower unit of clayey silt
with scattered pebbies rests on a scoured channel base in Taramakau River-
derived sandy gravels with rare sandy interbeds. The clayey silts are overlain
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by a unit of grey sandy silts, and in turn by a yellow-brown silty medium sand
{Appendix Two). Although complex stratigraphically the sequence is explained
by periodic channel occupation and normal sedimentary processes, and in
places injection and possible fluidisation structures have been recognised, as
foliows (Appendix Two):

e Trench E shows evidence for two sand injection structures that are
most probably related to the last Alpine Fault rupture (c. 1715 AD) at a
time when the sediments were clearly saturated at shallow depth.

+» Trenches F and G both show possible sand fluidisation features that
suggest a groundwater table within about 1m of the surface, but the
evidence is iess convincing and may be due to human disturbance.

The earlier trench and test-pit investigations also showed occasional iocal
sand injection structures probably related to liquefaction, and this was one of
the bases for recommending specific engineering design of foundations for
each dwelling. Although it is possible that the channel feature identified in
Trench F is due to subsidence, careful logging suggests that the primary dips
reflect original sedimentation and not lateral spreading. It is also recorded that
all three trenches (E, F & G) are located on the margins of the airstrip that was
constructed prior to the 1960s, and that some shallow ground disturbance
features may relate to tree removal and later backfilling.

Liguefaction Potential Assessment

Careful trench logging suggests that local sand injection has occurred during
past earthquake events, either from lenses within the underlying Taramakau
River gravels or from saturated silty sands filling channels associated with the
swamp area (Bell, 2006, Figure 1). A key point made in Appendix Two by
Jocelyn Campbell is, however, that significant uplift (of the order of 2 to 3m)
almost certainly occurred during the last Alpine Fault rupture, resulting in
subsoil drainage of the sandy lenses such that they are no longer saturated.
None of the seven trenches (A to G) excavated and logged contained any
seepages or showed evidence for present saturation, and in fact trenches cut
to within 3m of Lake Poerua and below the existing lake level remained dry for
up to 2 weeks prior to backfilling. Therefore it can be reasonably argued that
future liguefaction is much less likely than in 1715 AD given that the
groundwater table is now at a depth greater than 3m over the entire siie.



Next Alpine Faulf Earthquake

It is accepted that a high likelihood of major damage to any building
constructed at Lake Poerua exists during its design life (ie the next 100
years), and that this could be due to ground shaking, including substantial
aftershocks, and/or liquefaction, seiching or lateral spreading. Our detailed
studies have shown that the identified fluidisation features are much less likely
to occur because of the lowering of the water table as a result of the last
rupture, however, and it is noted that the next Alpine Fault event will also

involve significant reverse movement and additional uplift to the east of Lake
Poerua (within the subdivision footprint). Aspects of inundation, lake outflow,
tateral spreading and seiching have been addressed in the supplementary
report prepared by Golder Associates (NZ) Ltd, and their comments and
conciusions are endorsed.

A critical part of the design of any dwellings within the subdivision is that they
must be survivable in the event of such an earthquake, hence the advice that
site-specific foundation design “by a suitably experienced chartered engineer’
must be undertaken. It was also recommended that intending purchasers be
advised of the location of the subdivision in refation to the Alpine Fault, and
the potential consequences of such an event, at the time of section purchase.
The risk of future damage associated with the next Alpine Fault earthquake is
significantly less than elsewhere along the plate boundary, for example Franz
Josef Township where the Alpine Fault passes beneath several buildings, and
the recommended engineering design must reduce the risk to occupiers. It is
also noted that significant strain paititioning is taking place to the south of the
Taramakau River onto the Hope-Kelly fault system, and that the frequency,
magnitude and character of future Alpine Fault ruptures from Inchbonnie to
the north may well be changing and the risk reducing somewhat.

Comment on Landsliding

With regard to the risk and/or consequences of landsliding | note the foliowing:

¢ There is no geomorphic or air-photo evidence to indicate large bedrock
failures affecting the proposed subdivision, either in schists from the
Alexander Range or in granites from Mi Te Kinga, despite probably 30-
40 Alpine Fault earthquakes in the period since ice left the valley.

e There is no evidence in the trenched or test-pitted sediments for any
debris flow deposits sourced from the Mine Creek catchment within the
proposed residential subdivision, and the measures planned (such as
bunding) will ensure that future avulsion of Mine Creek is not an issue.

*» Any channellised debris flows that potentially affect the present outlet
of Lake Poerua from either the north-west or south-east may cause
temporary blockage, but detailed topographic surveys have shown that
this will result in overflow to the south-west and towards Lake Brunner.



8. Land Suitability for Residential Subdivision

RMA s106 Assessment

This section of the Resource Management Act 1991 (as amended) requires
the territorial authority to refuse subdivision approval unless satisfied that all
matters relating to erosion, falling debris, subsidence, slippage or inundation
have been or will be adequately addressed. | previously concluded that the
planned subdivision satisfied s106 of the RMA, and in summary the detailed

investigations now completed have established the following:

s The land proposed for subdivision is not subject to erosion, falling
debris or slippage, and there is no evidence for any likelihood of these
processes affecting the property in the future.

o One feature was identified in Trench F that might relate to ground
subsidence accompanying lateral spreading, but it was concluded from
careful logging that this was in fact a sedimentary channel.

o After careful logging of some 300m of trenches and eight test pits, it
has been concluded that ground subsidence is not a concern with this
site but that possible sand liquefaction should be remedied by design.

¢ Inundation could result from either seiching or outlet blockage of Lake
Poerua, but detailed topographic surveys have shown that overflow fo
the south-west would occur at an elevation below house floor levels.

s [t has thus been concluded that inundation can be addressed either by
landscaped bunds (in the case of Mine Creek overflow), or by the
adoption of floor levels taking account of potential inundation effects.

| remain satisfied that any potentially damaging effect from future earthquakes
can be addressed by appropriate engineering design of foundations and built
struciures on a site-specific basis, and that any risks to occupiers will be
minimised accordingly.

Ministry for the Environment Guidelines

The planning guidelines developed by the Ministry for the Environment for
land development on or close to active faults (Kerr et al, 2003) has also been
reviewed in the context of the proposed Lake Poerua subdivision, and in
summary the following are noted:

o The Alpine Fault is clearly a Class 1 active structure capable of
generating M = 8.0+, with a recurrence interval of ~150-300 years.

s The trace appears to be well defined near and beneath Lake Poerua,
and is at least 70m from any proposed dwelling site.

» On this basis it is feasible to locate at least BIC 2a structures on the
site, given that these will be well outside any fault avoidance zone.



9. Conclusions

1) As a result of comments by the GNS reviewers GPR surveys and additional
trenching have been undertaken within the residential footprint of the planned
subdivision, and on neighbouring land to the south-west: these studies have
confirmed earlier conclusions that there is no active trace of the Alpine Fault
concealed beneath the development area, and that the last few ruptures at
least are located some 50-100m offshore under Lake Poerua (Bell, 2006).

2) Evidence for local liquefaction and fluidisation structures has been verified
by the additional investigations, and it has also been concluded that the water
table must have been considerably higher and shallower at the time of the last
Alpine Fault rupture ¢.1715 AD: no seepages or groundwater inflows were
found in any of the trenches, which now total some 300m in length, and even
adjacent to Lake Poerua no inflows resuited from excavation below lake level.

3) A single radiocarbon age of 254 + 38 BP (Wk 20708) has been obtained
from a wood sample collected at a depth between 0.50 and 0.55m in Trench B
and suggests that the swamp in the eastern part of residential footprint pre-
dates the last Aipine-Fault rupture event: the need for site-specific design of
dwelling foundations has been confirmed by the additional studies, and all
residential buildings must be survivable in a likely large earthquake event.

4) Conclusions by Golder Associates (NZ) Ltd in relation to potential seiching
and lateral spreading are endorsed, and it is confirmed that there is still no
subsurface evidence of ground subsidence due to lateral spreading within the
subdivision footprint: large landslides possibly affecting the development site
are rejected, and topographic surveys show that Lake Poerua will overflow to
the south-west before inundation of house sites if the natural outlet is blocked.

5) Whilst it is accepted that the Alpine Fault is a Class 1 active structure with
the likelihood of large magnitude earthquakes, and a recurrence interval of
~1560-300 years near Inchbonnie, it is also concluded that any residential
dwelling would be sited 250m outside any fault avoidance zone: | am satisfied
that buildings and foundations can be engineered to withstand any ground
shaking effects, given that there is no active or inactive fault trace within the
subdivision footprint, and therefore that the conditions of s106 of the Resource
Management Act 1991 are adequately met.
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| trust that this supplementary report adequately addresses the matters raised
by the GNS reviewers, and | confirm again that this review should be read in
conjunction with my original report on the proposed development (Bell, 2006).

Yours sincerely

DAVID H\BELL (Director)
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AKE POERUA SUBDIVISION PROJECT
SUMMARY OF GEOPHYSICAL METHODOLOGY
February 2007

Summary:
The GPR profiles undertaken at the Lake Poerua subdivision show no evidence of

faulting in the near swface (top 13 m). Further to the south a subsurface
discontinuity has been clearly imaged which may be a fault trace.

Method:

A ground penetrating radar (GPR) survey was carried out on 2 February in the Lake
Poerua area, using two separate GPR systems. One system was the GSSI SIR-2
digital radar system together with a 200MHz shielded antenna and the other was a
Sensors & Software Pulse Ekko System together with a 100MHz unshielded
antenna.

GPR is a non-invasive electromagnetic radio frequency (25MHz to 1000MHz
typically) technique for subsurface exploration. It is widely used to locate lost ufilities,
Jand mine detection, environmental monitoring, void, cave and tunnel detection,
archaeological and forensic investigation, as well as many other applications. It has
the highest resolution of any geophysical method for imaging the subsurface, with
centimetre scale resolution possible in most instances.

GPR operation in the field is conducted by moving an antenna across the surface of
the ground along pre-determined grid lines. The antenna is connected to the central
control computer via special high frequency co-axial or fibre optic cable. The
antenna transmits pulses of high frequency Eleciro Magnetic (EM) signal into the
ground and detects the reflected sighal from subsurface features. The control
computer collects, displays and stores the data received at the antenna.

The strength of the reflected signal is dependent largely upon the dielectric
coefficient contrast between the subsurface materials encountered. GPR can, in
addition to detecting discreie subsurface objects, also ‘see’ soil strata lines. Soil
strata water content varies slightly with the natural layering and density changes
formed as a result of the natural ground formation over the years andfor
deformations caused by fault line activity. The dielectric coefficient of a material is
modified by the moisture content so that this varying soil dielectric coefficient
enables radar to plot variations in the soil strata lines.

Resulis:

The resolution possible with GPR is controlled by the wavelength of the propagating
electromagnetic signal, the higher the frequency the greater the resolution possible.
Depth of penetration decreases however, with increasing frequency, so that an
optimum balance between depth of penetration and resolution has to be established
at each site depending on expecled target depth and size. in this case, the targets
were there appeared to be evidence of subsurface slippage or deformation liable to
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have been caused by the Alpine Fauit. The frequencies chosen for this survey were
a 200MHz shielded anfenna and a 100MHz unshielded antenna, which gave an
apparent penetration of 6 and 13 metres, respectively, with good soil strata
resolution.

A fotal of 6 radar profiles were run in North-Westerly and South-Easterly directions
consisting of a fotal of 20 separate radar data files. The location and direction of
each scan line was designed to be perpendicular to the known direction of the Alpine
Fault line in this area in order to maximise the detection potential of this radar
survey.

The GPR profiles undertaken using the lower frequency (deeper penetration) Pulse
Ekko 100MHz system and the 200MHz GSSI system (shallower penetration) are
shown in Figure 1.

The 100 MHz Pulse Ekko GPR profiles undertaken on the development site are
(Figure 2):

Lake A-A’ Peg 3-5 and Lake C-C' Peg 0-2

The 100 MHz Pulse Ekko GPR profiles undertaken on the inferred location of the
Alpine fault are (Figure 3):

Lake E-E’, Lake E-E’ East and Lake E-E’ West
The 200 MHz GSSI profiles undertaken on the development site are {Figure 4 — 11):
File 47,48,49,50,51,52,54,55,56,57,60,61

The 200 MHz GSS! profiles GPR proflles undertaken on the inferred location of the
Alpine fault are (Figure 12):

File 58 & 59.

The GPR profiles undertaken on the subdivision site show a series of well defined,
coherent and discontinuous reflectors. The radar facies seen in the profiles are
similar to previously seen profiles in fluvial and lacustine/marsh settings. The profiles
show a series of interfingering horizontal to sub-horizontal reflectors with sub-meter
to decimetre size units, Several more continuous reflectors extending over a large
area (>50m) are also seen. These are interpreted to be large scale
deposition/ersoinal events such as lake level changes or fluvial overbank deposits.

Within the depth of penetration of the GPR systems (6 m and 13 m) no obvious
displacement of the near surface sedimentary units are seen within the subdivision.
Several diffractions are seen which indicate strong discontinuities in the subsurface,
but the radar facies indicates these are likely to be buried features such a logsflarge
boulders or slumping (File 54, 60 and 61, Lines B-B’ and C-C'). These features
appear to be at around 5 m in depth and do not appear to have affected the
overlaying sedimentary units.
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The GPR profiles to the southwest of the subdivision (File 58 & 59, Lake E-E, Lake
E-E' West, Lake E-E’ West) show a strong discontinuity in the profiles near the base
of the hill slope extending to a depth of 7-10 m below the surface.

Conclusions:

The profiles undertaken within the subdivision show no obvious, through-going, fault
zone in the near surface (13 m). Several diffractions are evident but appear to be
discontinuous acrass the proposed subdivision and appear to be subsidence-related
features.

Further to the southwest, the profiles along E-E’ appear to show a well developed,
near surface discontinuity, near the base of the hill slope. The character and lateral
extent of this discontinuity (seen clearly in all 3 profiles) indicates that it may be a
large-scale feature such as a fault splay, buried fault or fluvial terrace.
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Figure 12: File 60 & 61 GSSI 200MHz GPR
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APPENDIX TWO

Lake Poerua Development for
Mine Creek Westland Ltd

LOGS & INTERPRETATION
OF TRENCHES E,F & G

Report by Jocelyn K Campbell, Department of Geological
Sciences, University of Canterbury, Christchurch




COMMENT ON SUPPLEMENTARY TRENCH SITESETOF
LAKE POERUA SUBDIVISION

INTRODUCTION

The three trenches logged in the accompanying figures were excavated on
24" March, 2007. The trenches are aligned with the geophysical transects previously
documented (Appendix One), and were designed to ground-truth identified features.

The trenches all expose swamp deposits created by back-filling former river
channels with sandy silts and clay, and were clearly produced during episodic
channel migration on a low-lying gravel flood plain. All the evidence suggests that
this was generated by the Taramakau River spilling from its present course north-
eastward into the formerly glaciated valley that is now occupied by Lake Poerua: this
is entirely compatible with the interpretations given in the original and supplementary
report on the Lake Poerua Developpment. The infill sediments show variation in
character as discussed below, and may represent some combination of overbank
deposits and low velocity traction current deposition, together with finer grained,
clay-rich stillwater deposition, probably indicative of close proximity to lake level at
the time. Two of the trenches show partial or complete capping of the channel fills
by a flush of coarse gravels indicating that the river was still active to the time of
deposition of the modern surface. The 20 to 25 cm thickness of modern organic soil
A horizon developed on this surface also indicates that this depositional environment
was abandoned quite abruptly without further natural modification.

Although the trenched area lies in a slightly depressed area of poor drainage,
it is also clear that these sediments were previously much more waterlogged in the
past, and the stiff clay-bearing silts were noted as only moist, but not saturated, at
the time of excavation. There are extensive zones of oxidation in both gravels and
silts. Evidence of past saturation comes from structures indicative of fluidisation
associated with injection and foundering of overburden gravels described below, and
very probably associated with past co-seismic shaking. No evidence of shearing or
fault displacement was found.

TRENCH E (GPR Lake A-A’; starts at Peg 3 & extends 16.5m to NW; Figure 1;
' Appendix One)

This was the most stratigraphically informative of the three trenches. At the
northwestern end the margin of a channel incised inte Taramakau fluvial gravels is
exposed. Within the channel three units of finer grained infill sediments are indicative
of marked changes in depositional environment. The lowest unit consists of a light-
coloured clay rich silt containing scattered small rounded clasts and weli-sorted sand
lenses presenting some problems in interpreting the origin. At the contact with the
channel bank this unit appears to fill an undercut slot in the face, similar to the
relationship shown in Trench A (Fig. A5) where a similar clay unit is inset into gravels
and clearly overtopped by a separate silt unit. Above the basal unit, the bulk of the
channel fill is a moist, grey, fine sandy silt capped by a yellow-brown, silty medium
sand, clearly requiring a return to a slightly higher energy mode of deposition and
more free draining oxygenated sediment. Accumulation of the grey silts either



coincided with, or post-dated, ongoing colluvial degradation of the channel bank, with
capping by a veneer of larger cobbles incorporated into the silts at the contact.
Clearly the channels were abandoned yet remained open, with local ponding or
connection to the lake for a period before being reoccupied by weak traction currents
carrying entrained silt and sand.

At the northeastern end there is a distinctive injection of sand fed from one of
the sand lenses in the basal unit and peneirating to the surface. Another small
fluidisation structure is seen between stations 10 and 11 metres where pebbles from
the underlying conglomerates have been rotated upwards into the base of a small

infection-intheclaysinvolvingsand; butnot penetrating into the grey silts:

TRENCH F (GPR Lake A-A’; starts 12m to NW of Peg 4 & extends SE to Peg 4;
Figure 1; Appendix One)

Similar sediments occupy the channel fill in Trench F. The stratigraphic
relationships are more ambiguous but may reflect a similar history. The underlying
gravels contain a sand lens with gravel bands clearly dipping fo the southeast that
may be cross-bedding or indicative of tilting. At the southeastern end the gravels are
capped by a light coloured clayey silt similar to the basal unit of fill in Trench E. This
is truncated by a grey siity sand following an erosional event that further scoured out
the channel. Clay partings pick out bedding close to the southeastern unconformity
dipping back towards the northwest. These opposing dips are the only evidence of
possible ground deformation observed in any trench, and although they may indicate
warping or subsidence, equally they may be primary dips produced during the
normal processes of scour and fill. The infill sequence is discordantly capped by
gravels similar to those undetrlying the channel, but with fewer coarse clasts. This
contact is highly irregular and is again indicative of fluidisation and foundering of the
gravels into the underlying silts. The geometry is strongly suggestive of load
structures, but could be a product of tree-throw or man-made disturbance.

TRENCH G (GPR Lake C-C’; starts 2.0m SE from Peg 2 & extends 14m towards
Peg 1; Figure 1; Appendix One)

The third trench has the grey silt unit directly overlying gravels, but is sandier
and incorporates some gravel clasts and bands towards the base. Any bedding
structure is lost towards the centre of the logged section and the lithology becomes
increasingly mixed. The gravel capping comes in again locally but is separated from
the grey silt by a brown, mouldable silty clay. Again the top contact is highly irregular
but may be partially a product of scouring as well as possible fluidisation in the
disturbed zone.

DISCUSSION

The clear evidence of injection in Trench E, coupled with the indications of
foundering and load structures in Trench F and G, suggest a significant disturbance
event post-dating depaosition of the whole sequence. Wood recovered 0.5 m down in
similar grey channel fill silts in Trench B (Wk20708) returned a radiocarbon age of
254 + 38 yrs BP. This young age lies in an ambiguous zone of calibrated ages that
could conceivably encompass the older 1620 £ 10 date for the penultiimate Alpine



Fault event (Yetton et al. 1998) at the second standard deviation, but ranges up to
dates that would overlap the last 1715 £ 15 event at the young end within the first
standard deviation (calibration diagram appended in Appendix Three). Since the
stratigraphy indicates that the fluidisation event post-dates both deposition of the
grey silts and the overlying gravel, the balance of probability favours correlation of
this disturbance with the more recent Alpine Fault event.

The observations from the trenches raises four significant points with respect
to the subdivision: '

—The-site;-lying-east-of-theprojected-rupture-trace-of-the-last-twoevents—————

would have been lifted relative to lake level at the time of the last earthquake. This
would account for the observation of deltaic and related lake level deposits above
present water level, rather than inferring a former higher stand of the shoreline. The
saturated, fine-grained sediments in the channel fills probably deposited at, or close
to, lake level are now uplifted above the static water table. They are unlikely to
undergo similar fluidisation again, although some differential settlement could still
occur across former channels because of the differences in sediment properties and
degree of compaction.

ii. Despite proximity to the projected fault trace no evidence of secondary
faulting or intense deformation of the sequence was observed, apart from some
possible subsidence coinciding with a disturbed zone in Trench G.

iii. As noted in the main report, there is no evidence for the introduction of any
locally derived material over the old gravel surface, such as schist landslide or debris
flow deposits associated with this shaking event, that could be attributed to slope
failure in the adjacent hilislopes affecting the residential subdivision area.

iv. Af least some fluvial activity was still taking place over this area up to, or
shorily preceding, the last rupture event. There is no evidence of further reworking or
overbank flooding since, indicating that this area was now above river level, and it is
likely that any drainage from the Taramakau River into this catchment had ceased at
this time (ie immediately after the last Alpine Fault rupture event).

Joecelyn K Campbhell
September 2007




10/ €0 /2 31va
Aisusy) 9 ‘freqdwed M 'Ied 'H'A | Ag GI990T
|enelB
Apues as1e00 pues Ajps

sise[o axoemialb teinfuegns
sisel Ly 12AR15 951000 Apues ‘es00] ‘UMOIG-AIE o

PaISHeDs L s s pues 8s00f JO S9SU8) pUE SISO [|BlUS PapUney
paseyeos tm Jis Aefe)d ‘umoiq-Aaib wears gg
pues [0S Uepow 1510w pue yos ‘yis Apues ‘Aaib  zg
ADOTOHLN pues wnipaw Ayis ‘umolg-mojleA |

SEY1an
yil g1 ¥l gL gk L oL 6

MN

T pags A, 1

afm et e

U,

243 0

o vibpesB Aptlpa,
i

BUNANS troasf)

as

H HONTYL




20/ €0 /2 3lva

fsusuy ‘o JeqdwEn T IPE TH'a A9 439907

pooMm @]
i9AeIB axoemAsIB ‘renbuegns *Aa1B G4

[ER\=115]
[2ARIG Apues ‘papped ‘eso0) ‘Aalb-umolg 4

Apues asieoo s

i AoAepo ‘AeiB-weald £
110s wispou @_ SPaCIBIUI IS WS UL} Y)m pues wnipews ‘escol ‘Aasl  z4

pues
1108 wepouwi Ag paddes (eaeib pasipixo Aaub-umolq |4
ADOTOHLN
SIUISA
A L oL 6 g i 8 § ¥ € z b o

! 1 | l 1 ] l I I L i 0
e | _..
oz
£ 4j0es Oy eydures sanjons peol - ®
B

e © NN

A HONTAL

NOISIAIAgNS VAYIOd




20/ €0 ive 31v¥a

Asusy) 0 ‘paqdwen

‘T 1RE H'A | Ag a3990T

poom
{eaelb

Apues asieoo

e Asheo

¥l

o pues

weApues [T -T-
ADOTOHLIT
SEMLIN
zl Lt 0} B 8 L 9 5

ayoemAalb jo sisejo renbueqns
upm reaelb Apues ssieod ‘AsiB

aseq
a1 1eau Alleaeif Bujwooaq erupue
Apuis ynm s Aedelo “A216 wnipaw

s 2heR ‘umolg-Aaib

taneib 18E10 oemAalb Apues
. JenBuegns ‘peposun 'umolg-As.B

O

€9

9

(39

1 ] [ o
L
.-..w...u.% L 4
pues pue Jis AeAsr
i .
Seumanys peop

_ B 4

MN a8

D HONTAL
NOISTAIAAAS VAIAOd
— — vt - I - - L . - - d J L -




APPENDIX THREE

Lake Poerua Development for
Mine Creek Westland Ltd

DETAILS OF RADIOCARBON SAMPLE
& AGE RESULT FOR Wk 20708

Analysis by Radiocarbon Dating Laboratory, University of Waikato
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APPENDIX E

ANNOTATED TRENCH PHOTOGRAPHS

Golder Associates
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APPENDIX F

LATE HOLOCENE FAULT TRACES IN THE VICINITY OF
INCHBONNIE

MAP TAKEN FROM PAPER BY

FROM BERRYMANET AL., 1992°

Golder Associates
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APPENDIX G
TOPOGRAPHIC SURVEY
BY

COWAN AND HOLMES LTD (2007)

Golder Associates
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APPENDIX H
SURGE AND SEICH WAVE ANALYSES
BY

GOLDER ASSOCIATES LTD (CANADA}

Golder Associates



Golder Associates Lid.

2640 Douglas Street

Victoria, British Columbia, Canada V8T 4k1
Telephone (250) 881-7372

Fax [250) 881-7470

Assoc:lates

E/07/325
July 19, 2007 068-12016

Golder Associates (NZ) Ltd.
Level 1, 79 Cambridge Terrace
Christchurch, New Zealand

Attention: Mr. Cid Chenery

RE: EMPIRICAL LANDSLIDE AND EARTHQUAKE WATER LEVEL
SURGE ASSESSMENT, LAKE POERUA, NEW ZEALAND

Dear Cid:

At your request, Golder Associates Ltd. (Golder) carried out an empirical assessment
of potential water level surges on Lake Poerua caused by a landslide into the lake or
an earthquake along the Alpine Fault which runs adjacent to the lake on the southeast
side. The purpose of the assessment was to provide empirical approximations of
water level surges which might affect a proposed land development along the
southeast side of Inchbonnie Basin. Debris flows from the west side of the lake that
have previously affected lake levels have been recorded’.

1.0 OBJECTIVES
The objectives of the assessment were to:

¢ Assess maximum wave runup at the proposed development caused by a potential
landslide into the Lake.

e Assess the potential lake seiche amplitude or water level surge caused by a rupture
of the Alpine Fault and displacement of the lake bed.

These estimated wave runup and seiche amplitudes are anticipated to be used to guide
flood construction elevations on the proposed development.

! West Coast Regional Council: Natural Hazards Review. 2002. Report by DTEC Consulting to the WCRC
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Golder Associates (NZ) Ltd. July 19, 2007
Mr. Cid Chenery -2- 068-12016

2.0 BACKGROUND

The proposed development is located on the southeastern shore of the Inchbonnie
Basin in Lake Peorua. The lake is approximately 1,000 m wide in the northwest-
southeast direction at this location. Water depths in the Inchbonnie Basin aftain at
least 6.5 m with several areas reaching 6.7 m. Water depths along the shoreline of the

proposed-development are-approximately -3 m-at- 100 v front the shorelingand-1nrat
50 m from the shoreline®. Steep slopes are located on the northern side of the lake
across from the development. Landslide scars have been recorded on these slopes’.
A debris flow channel and fan is situated towards the north end of the proposed
development. The active Alpine Fault is located on the eastern margin of the lake.

3.0 ANALYSIS

Available, existing data were used for the analysis. No additional data were collected
for this assessment.

3.1 Estimated Maximum Landslide Generated Wave Run-up

A landslide may be treated as a point impact on the water surface creating waves
which propagate away from the site of impact. Waves generally decrease in wave
height with propagation distance from the source since the wave energy is conserved
over a longer and longer wave arc similar to the decay of ripples from a pebble tossed
in a pond.

Waves from a debris flow event along the debris flow channel situated to the north of
the site will propagate out into the lake away from the site. Since these waves will
have to travel across the lake twice, they will be smaller than waves generated on the
far shore for a similar sized event.

A landslide from the steep slopes across the fake could be large enough to generate a
wave in the lake which could impact the proposed development. An estimate,
provided by Golder Associates (NZ) Ltd., of design landslide volume potentially
delivered instantaneously to the lake is 79 m’ per metre length of a wedge type
failure. This volume would deposit 35 m out into the lake, in water depths of 4.5 m
approximately, at a minimum of 1 km from the shoreline nearest to the proposed
development.

The maximum wave height generated by this landslide would be limited by depth of
waier. A conservative estimate of the depth limited wave height is to take 0.78 times

2| ake Tanthe: Lake Poerua 1:8000 Bathymetry, Irwin. J; NZ Oceanographic Institute 1982
3 Mapworld NZ TopoMAP, Sheet: K32 Ed 2 2000. 1:25.000.
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the water depth. Thus the estimated largest wave generated by this landslide would
be approximately 3.5 m.

Assuming the waves generated by the landslide propagate across the lake with no loss
of energy, as the wave arc lengthens the wave height reduces to meet conservation of
energy requirements,  An estimate of wave height on the opposite shore can be made

by-equating-the-product-of the-initial-wave-energy per unit-wave-widthand-wave-arc
length with the final wave energy per unit wave width and final arc length. Wave
energy is proportional to wave height squared.

The initial arc length has a radius of 35 m. The final arc length has a minimum radius
of approximately 1,000 m. Using these radii and the conservation of energy
approach, the final wave height is approximately 0.19 times the initial wave height.
With an initial wave height of 3.5 m. the estimated landslide generated wave height
along the shore of the development is approximately 0.7 m.

Based on empirical data and experience, wave runup can be estimated as twice the
nearshore wave height. Thus wave runup associated with the maximum estimated
wave height of 3.5 m from a landslide into the lake is 1.4 m above still water level,

3.2 Estimated Earthquake Generated Wave and Water Level Surge

An earthquake which involves a rupture along the Alpine Fault has the potential to
cause a seismically generated seiche in Lake Poerua since the lake is wide and
shallow. A seiche is an oscillation of the water surface around a central location
caused by stress on the water resulting in the lake surface rising and falling along the
shoreline like water sloshing back and forth in a shallow pan. In the casc of an
carthquake, the seiche is caused by vertical displacement of the lake bed displacing
the overlying water and creating a seismically generated wave, rather like a tsunami in
the deep ocean.

Based on data provided by Golder Associates (NZ) Ltd., the anticipated vertical
rupture of the Alpine Fault may be on the order of 3 m*. Large earthquake ruptures in
the ocean typically create less than 1 m of vertical displacement in the water surface’.
Assuming the 3 m displacement produces no more than a I m wave in the mean water
depth of 5.5 m, which behaves like a seisinically generated wave (tsunami), Green’s
law may be used to estimate shoaling as the wave comes ashore:

4 Berryman, K R.; Beanland, 5.; Cooper, A F_; Cutten, HN_; Norris, R.J.; Wood, P.R. 1992 The Alpine Fault, New
Zealand: variation in Quatetnary structural style and geomorphic expression. Annales Tectonicae, Special issue -
supplement to v.6: 126-163

5 http://www.appstate edu/~abbottm/tsunami/prprts. html
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Hd *®w % = constant,
Where H = wave height, d = water depth and w = width of the bay®.

Since Lake Poerua is approximately rectangular, w may also be considered constant.
A maximum 1 m wave it 5.5 m of water transforms into approximately a 1.3 m wave

i 2-mrof water S0-m from theshore:

An empirical formula used in Japan to estimate run-up from seismically generated
waves is:

logio(R/H) = 0.421 — 0.095log;5(1/1.)-0.254 {log;o(/L)}>

Where R = runup height (m), H = shoaled wave height (m), ! = distance from
shore of the shoaled wave height, L = wavelength of wave’.

Assuming a unimodal seiche event, the wavelength of the wave will be equal to the
width of the lake or 1,000 m. The distance from shore of the shoaled wave is
approximately 50 m and the estimated wave height is 1.3 m. Simplifying the equation
using the numbers above yields wave runup (R) = 1.3 times the seismically generated
wave height (H) or approximately 1.7 m.

A preliminary estimate of the seiche period was made using an online seiche period
estimator maintained by the University of Delaware®. The lake parameters inpnt into
the estimator included a lake width of 1,000 m perpendicular to the fault and a
maximum lake depth of 6.5 m. A unimodal seiche event was considered allowing the
lake water level to oscillate around one point in the lake. The estimator provided a
period of approximately 250 s or slightly over 4 minutes.

An estimate of seismic wave velocity using V = (dg)*® where V is wave velocity, d is
water depth and g is gravity, yields an approximate velocity of 8 m/s, resulting in a
period of approximately 270 s, using an estimated mean water depth of 5.5 m.

40 SUMMARY

Preliminary estimates of wave runup associated with landslides and water level surge
(seiching) associated with an ecarthquake were developed for a proposed land
development on the southeastern shore of Lake Poerna in New Zealand. The
preliminary estimated maximum wave height generated by a landslide is 1.4 m at the
proposed site. The preliminary estimated seistnically generated seiche amplitude is

¢ Shelton Liu, Golder Associates, pers. comm. June 3, 2007
? Shelton Lin, Golder Associates, pers. comm. June 3, 2007
8 http:/Awww.coastal udel edu/faculty/rad/seiche_html
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1.7 m at the proposed site. The preliminary estimated seismically generated seiche
period is of the order of 250-270 s.

50 CLOSURE

We trust that the information contained within this letter meets your present ueeds
Please contact the undersigned should you have questions. o

Yours very truly.

GOLDER ASSOCIATES LTD.

Rowland Atkins. M.Sc.. P. Geo. (BC)

Senior Coastal Geomorphologist

Reviewed by:

‘/., ——

«
™ _I \ =
\.\ __,”—-)'&i{f gl
/ __Z,- // ?,
Jor Peter M;rgall. M.Sc.. P.Eng. (BC)

Associate, Senior Coastal Engineer

RJA/PWM/knb

N:FINAL'NZ PROJECTS'RPT 07-19-07 EMPIRICAL L ANDSLIDE ASSESSMENT.DOC

Golder Associates



APPENDIX |
DEBRIS FLOW ANALYSES
AND

RISK ANALYSES

Golder Associates



© Golder Associates (NZ) Lid.

Proposed
/ Subdivision Area

i \ Proposed
/ \ 129 \ 4 Subdivision
/ I
ecsa R P
/ | | +% 4
[ £ 1| &
,' 1I ¢ .' !
4 ‘

125m

Information contained on this drawing is the copyright of Golder Associates (NZ) Lid. Unauthorised use or reproduction of this plan either wholly or in part without written permission infringes copyright.

5 0\ | |/ a7
o = N -
?'..%9\\ \.\‘ v-.‘\o {14) e "S'T)w:!ﬁ-yf‘om au:;\ Nge/)’::' @NZMS«‘[a : icalimap” 4
s O P \./ e ¢ .-f S T” Z }’ Crown!Copyria ht- esenved”
CLIENT Gt MaTsHal PROJECT  Geotechnical Site Suitability Assessment,
Proposed Subdivision, Lake Poerua, Westland
" men - Jileag i DEBRIS FLOW SECTION LOCATIONS
CHECKED LRC DATE 24]9107
SCALE PROJECT No REPORT No REV No APPENDIX
1:25,000 A4 06812016 R06812016-02-V2 0 1

File Location: S:\2008Jobs\06812016_Marshall_Subdivision_Poerua\2_Tech_Info\ArcGIS\2007\DebrisFlowSections.mxd




190 8090 920 | _s¥Z0 ¢z LL'O 66%'0 ¥5¥'0 oLro 1200 9'6C 82In0g wol4 2¥1'0 + (28 uepg'0 = VH psuyuoy
UBIH oS+ PIN | %S Mo as %G+ ueajpy %G loug's Zp e)buy pejenoe| uonenb3 Aemuped
WH uﬂmEﬁ,m £olqeL /H pejenojed uoneuwn}sy ||ed @ Jajuny

(w) @21nog wouy asuelsi(
00¢¢ 000 008L 009 O0OFVL o0OZL 000L 008 009 00¥ 00c 0

, | ] 0
T Wooz
1B ue4 suga(g jo xady yred moj pauyuod OO r
—— 1o} (poyisw sjewnse
ﬂ. ._ T — adojs woyy ) Jnouns uespy
\ , _ 00C
(1)
PeOY NuBWOlOY | : / 00r §
- ajuuoqyou| =
/ 1/ S
L 00§ 2
auleloys Ured moj pauyuod 3 3
Bni20g aye1 10} (poylew ajewse . 009
ado|s WwoJy ‘Jwy 8ouspuUeD . ///
yred moyl pauyuos $106) il nvew = /..r 00L
1of (smoy stigep \
pides pejuswinoop S~ 008
WIO}) Inouns uesiy i! 8pIIS sligeq 10} 92105 pale|Msod \}
- | | | | 006

(poysoi 194 @ 4@3uny)
9jloid yaaiD aul




uel Jo ajppiul u) 5061 Ge 0009}
HoBUD SUIN
ue) Jo doy Ly 2261 ae Q0GLLL
(] (T uonoH
odpus BOUBISICY Jewau] () swnjoa adoig
naumny 10 @lfiuy

{w) o9oinog wouy eouesi(]

00c¢ 000c 008L 0091 OQOVL 0OCL 000L 008 009 0ovy 00¢ 0

| w O
o Wooz
1B Uil sige o xady . b OO—\
AN B By - - 002
- . ———{ 00€

prON nuBLIGlOY /& . 00V <
- aluuogUaly / ///«I m.m»

X ] -+ 0063
(ge =9 ; ;f,..,~

o =0) ) souelsiq nouny| A — 009

e2uEjsI Jnouny N

auIoys ]
i|4 BMIB0d Sye H J..i/, - 004
T eplissIea | =% | 008
_Lou, 80IN0GQ paje|n}soy g
....... AU U S S SRR R _ ]

{poyiap sisAjeuy onwueufq)
Sjijoid MoalD sulN

v (SR it [Op—— [—— PR Y [— [ S




Q200 89970 0ivD ZRZ0 08z'0 FLLD . B6L0 ALD'Q SEPQ LL'D Qle 22N0G LS 9en 0 {0 veR.Aen = iy &F_w&
ubiy %Gh+ il Yol Mo as Vol veap %G LEE “0 elbuy peieneld uonenby  Aemuped
H pejeLnsS g ojqeL "VH PRIEINIIED uoljewinsy f|ad 2 JLpuny
(w) soinog wiou} our)sI(y
008l 0091 001 00¢l1 0001 008 009 00¥ 00¢ 0
| I Q
PEDY NUIBIOIOY
- SIUOLALY
— | 00l
T ——
- e adols [eineu snoqe — - -—- 00Z
10U s1 yed Moy pauuoo
- . \ Ajed soy (poyiawy sjeuwmse - { 00¢ m
\ : ado|s woly ) Jnoun Lespy o
/ . =5
L suijsioye \ e I R R 00p =k
Entsod aye] \ o
/ b=
\_ i
\ \ 005 3
g
RV Y
SR P N )
ted moy pauyuoo yled moy pauyuoo e 009
Apred oy co_o_.:m: ojeLse Apred 104 (smoy sugap pides i
ados wouy W souspYUos | PRIUSUINIOD W) INOUN usaly e 002
9%06) Jnouns Wwnuxepy -
_ | % _ BpYIS Suga(Q J0) B0IN0S pajeImsod \_
U USSR N - - _ S I B 008
(PoyIsi jied @ Jo3uny)
B[Ol abury vipuexa)y




PEOY NUEWOIOY - BILLIOUAL] 9A0ME YSHP orLL ge 000FZL abusy
PECH NUSKLOOY - ojublogLoul Jo BILdn [Japn (70 o anovzi | Jepuexsny
(w) .y uonoua
hodpuy souEsia leusepd] () swnjop|  edolg
nouny Jo oibiuy
{w) 92.no0g Wous asueysi
008l 0091 0104} 00clL 0001 008 009 (016] 7 00¢ 0]
0
- 001
i i
aa.l.rf:[ﬂf...u y
e - 002
fi,/
o
N ong
e, &
auleloug S, <
eneo d eye H / o
ff.. - 00¥ o
PEOY NUBLIOIOY] / \.nlm.,
| -suuoqyuouy s, =
(,5e=th) I\
s0UEIS[(] JNoUny Ny -+ 009
(.0g=0) T
aouE)si Jnouny \ R
et Q0L
BPIS S1GS(] Jo) B2IN0S PLIeINISO
7 008

(poiey sisfjeuy olweuAc)
9jjoid abuey sepuexaly




