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1 INTRODUCTION

1.1 Background

The Ridgeburn residential development (Ridgeburn) proposed by Ridgeburn Development Limited
(RDL), a registered corporate entity associated with Gibbons Co Ltd (Gibbons Co), consists of
residential lots, commercial, retail and recreational spaces. The proposed development is located at
122 Morven Ferry Road, between Arrowtown and the Kawarau River, Queenstown Lakes District
(Figure 1).

Stormwater runoff within the development is to be managed with on-site swales, pipes and culverts,
stormwater detention basins (dry ponds), plus constructed wetlands and ponds as documented in
design drawings (McKenzie, 2026a) and a separate report on flooding effects (McKenzie, 2026b).
Stormwater within the development is proposed to be detained within basins, ponds and existing
wetlands, with excess stormwater discharged to the Arrow River via upgraded infrastructure along
Morven Ferry Road.

The potable water supply to the development is proposed to be sourced from two new production
bores that have been constructed and tested at the site. Site investigations have been carried out to
determine aquifer parameters and the effects of taking groundwater from these bores, as well as their
source protection. The water supply servicing strategy and proposed water treatment plant are
provided by GWE (2026).

Ridgeburn is to be serviced by a dedicated wastewater treatment plant (WWTP), as documented in a
separate report (BPO, 2026). The wastewater is to be treated to a high quality, including ultrafiltration
and ultraviolet treatment stages. The proposed location of the WWTP is presented in Figure 2. RDL is
proposing to utilise treated wastewater for irrigation within the development area.

Gibbons Co has retained Wallbridge Gilbert Aztec (WGANZ Pty Ltd; WGA) to investigate the soils,
aquifers, and landforms of the landholdings related to Ridgeburn. This investigation, in addition to site
investigations undertaken by Kirk Roberts, forms the basis for separate assessments of effects
covering:

. The effects of the proposed stormwater management on groundwater and the receiving
environment.

. The taking of groundwater for the development’s potable supply, including the protection of the
groundwater source; and

. The disposal and utilisation of treated wastewater for irrigating native plants within the

development area.

This report is intended to be considered in conjunction with separate reports produced by WGA
regarding:

1. The effects arising from the proposed stormwater management (WGA, 2026c¢)
2. The effects of the proposed groundwater take for water supply purposes (WGA, 2026b)
3. Wastewater disposal options and associated effects, including source protection (WGA, 2026a)
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1.2 Scope of Services

The scope of services covered by this report is as follows:

. Compile and document background information of relevance to the type and extent of soils
present within the investigation area. This information includes topographic, geological,
hydrological, and geotechnical information.

. Compile and document geological and soil information that has been generated through site
investigations for geotechnical purposes (by Kirk Roberts) and for irrigation infiltration
assessment purposes (by WGA).

. Document soakage test data and associated analyses arising from site investigations
undertaken by Kirk Roberts and by WGA.

. Summarise the potential flow acceptance capacity of soils investigated within the Ridgeburn
area.

. Present analyses and interpretation of aquifer testing information and a site conceptual

groundwater model in the context of groundwater implications from the development and
operation of stormwater infrastructure on wetlands and neighbouring bores, groundwater
abstraction from the production bores, and wastewater disposal options.

This report is produced to support the assessment and consenting of the groundwater take,
community source protection, stormwater management, and treated wastewater discharge system for
Ridgeburn. Consequently, this report should be considered in conjunction with the other WGA reports
referred to in Section 1.1, and separate reports from other consultants as referred to throughout this
report.
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2 ENVIRONMENT BACKGROUND

21 Topography and Geomorphology

The Ridgeburn residential and commercial development area is on an alluvial terrace at an elevation of
between 380 m and 420 m above mean sea level (m RL) (Figure 3). This terrace, called the Residential
Terrace for the purposes of this report, slopes gently downward toward Morven Ferry Road and the
Arrow River, to the northeast of the development area. The terrace is bounded to the south by a steep
drop-off, some 80 m in height, to the Kawerau River or locally to a series of lower terraces adjacent to
the river. The conditions on the Residential Terrace are primarily relevant to aspects of the proposed
stormwater management. In addition to this, localised irrigation of treated wastewater is proposed for
parts of the Residential Terrace.

The northwestern section of the development area consists of a steeply sloping rocky hillslope that
climbs to the isolated peak of Morven Hill at an elevation of 570 m RL. The lower eastern slopes of
Morven Hill, toward the development, have a lower and smoother slope than higher on the hillside. To
the south, Morven Hill drops off steeply toward the river terraces directly adjacent to the

Kawarau River. The conditions on Morven Hill are primarily relevant to the proposed spray irrigation of
treated wastewater on native vegetation.

The two production bores are located on terraces along the Kawarau River, collectively called the
River Terraces for the purposes of this report. The River Terraces are at several different elevations,
as indicated in the geomorphological sketch map presented in Figure 4 and summarised in Table 1.
The terrace gradients are generally less than 5%. However, alluvial or colluvial fan deposits of several
different ages have been deposited onto the Main Terrace, resulting in slopes exceeding 15% within
the margins of the fans. Hydrogeological conditions across the River Terraces and immediate
surroundings (i.e., the Kawarau River, floodplain, and drop off from the Residential Terrace) inform the
source protection of the community supply bores and effects of the proposed groundwater take.

Several metres below the Lower Terrace is an evident flood plain for the Kawarau River, at an
estimated elevation of 304 — 305 mRL. Although not specifically investigated as part of the site
assessment documented in this report, the flood plain showed visual evidence of inundation and
saturation of soils at low points at the time of a site visit (8 October 2025).

Table 1: Terrace Designations and Elevations

TERRACE NAME ELEVATION (mRL)

Residential Terrace 380 -420
Upper Terrace 338 -344
River Mid Terrace(") 362 - 332
Terraces Main Terrace (including an ‘Upper Main Terrace)@ 316 - 320
Lower Terrace 308 - 310

Kawarau River flood plain Estimated at 304 — 305

Notes:
() Not specifically identified in geomorphological sketch map (Figure 4)
) |dentified as Middle Terrace and Upper Mid Terrace in geomorphological sketch map (Figure 4)
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2.2 Geology

Morven Hill consists of schist bedrock, eroded to its current shape by the flow of glaciers passing it on
all sides during the Pleistocene glaciations. The upper hillslopes are characterised by schist outcrops
and poorly developed soils. The lower hillslopes toward Ridgeburn are composed by colluvial fan
deposits, with more consistently developed soil horizons (Figure 5).

The Residential Terrace consists predominantly of a glacially eroded schist surface, on which glacial
deposits and lake sediments were deposited when Lake Wakatipu was substantially higher than its
current level (Barrell et al 1994, Turnbull 2000). At that time, the main outlet from Lake Wakatipu was
toward the South, past Kingston. Terminal moraines deposited by older glaciers had blocked the
current Kawerau River valley to the East of the investigation area. The thickness of the lake sediments
increases toward the Kawarau River.

Lake sediments filled much of the current Kawerau River valley along the river stretch adjacent to
Ridgeburn. The lake sediments generally consist of sand and micaceous silts, although fine gravel beds
are also present (Barrell et al 1994). Erosion of the moraine deposits in the Kawerau River Valley
resulted in a stepwise reduction in the level of Lake Wakatipu. Consequently, a series of terraces
eroded into previously deposited lake sediments were created, which now constitute the River Terraces.
The eroded hillslope below the Residential Terrace down to the River Terraces appears to consist
exclusively of lake sediments and colluvium derived from these sediments. The exposed sedimentary
deposits appear to have a thickness of at least 60 m, although detailed mapping of these sediments
was not undertaken as part of this project.

Fine-grained lake sediments deposited on each of the River Terraces listed in Table 1 are likely to be
limited to shallow surficial deposits. The deeper lake deposits underlying the River Terraces are likely
older sediments deposited when the lake was substantially higher. However, the interface between
older and younger sediments is not clearly identifiable from drillhole logs or even from surface
exposures.

The main terrace identified in Figure 4 carries alluvial and colluvial deposits in the form of several fans,
sourced from erosion of the Residential Terrace to the north (Barrell et al 1994). The relative age of
the fans on the main terrace, based on the observed soil characteristics and vegetation cover, is
indicated from oldest to youngest by the numbers 1 to 3 in Figure 4.
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23 Hydrology
2.31 Kawarau River

River flow rates for the Kawarau River at Chard Road, approximately 2.5 km downstream from
Ridgeburn, have been estimated and recorded by Earth Sciences New Zealand (ESNZ, formerly
NIWA), with these records available through the Hydro Web Portal' and also the ORC Environmental
Data Portal. Flow estimates are available for the period from August 1998 to January 2022, a period of
approximately 32 years. The available flow estimates are only available on an approximately monthly
basis throughout this period, with a total of 389 records.

A Kawarau River flow exceedance curve has been derived from the Chard Road flow estimates
(Figure 6), which indicates that the 0.5 % low flow is approximately 60.3 m3/s. In lieu of more accurate
flow data for the Kawarau River, this flow rate has been accepted as an indication of the mean annual
low flow in the river adjacent to Ridgeburn. The peak estimated flow recorded in the database is

626 m3/day, which has been accepted as general guidance on high flows in the river for water quality
effects assessment purposes.

Figure 6: Kawarau River at Chard Road Flow Exceedance Curve

Water quality in the Kawarau River at Chard Road has been monitored by ESNZ (NIWA) since
November 2017. Up until February 2025, the recording frequency was approximately monthly, with the
frequency since then being approximately weekly.

The maximum and minimum nitrate-nitrogen (NOs-N) concentrations detected during this sampling
period were 0.036 mg/L and 0.0046 mg/L, respectively. The concentration of NOs-N in the

Kawarau River appears to be correlated to the river flow (Figure 7). However, there is considerable
scatter in the relationship between these two parameters, and no correlation equation has been
derived. Despite elevated nitrate during higher flows being apparent, the data also show that elevated
nitrate concentrations can occur during low flow conditions within the Kawarau River.

1 https://hydrowebportal.niwa.co.nz/Data/DataSet/Chart/Location/AX2/DataSet/Discharge%20Value/NRWQN/Interval/AllData
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2.3.2 Arrow River

River flow rates for the Arrow River at Cornwall Street, approximately 5 km upstream from Ridgeburn,
have been estimated and recorded by ORC, with these records available through the Environmental
Data Portal?. Flow estimates are available for the period from December 2010 to November 2025, a
period of approximately 15 years. The estimates were produced on an approximately daily basis
throughout this period, with a total of 5,434 records available.

An Arrow River flow exceedance curve has been derived from the Cornwall Street flow estimates
(Figure 8), which indicates that the 0.5 % low flow is approximately 0.8 m3/s. In lieu of flow data for the
Arrow River closer Ridgeburn, this flow rate has been accepted as an indication of the mean annual
low flow in the river adjacent to Ridgeburn. The peak estimated flow recorded in the database is

63 m3/day, which has been accepted as providing guidance on high flows in the river for water quality
effects assessment purposes.

Figure 8: Arrow River at Cornwall Street Flow Exceedance Curve

Water quality in the Arrow River at Morven Ferry Road has been monitored by ORC since
November 2017. Recording frequency has been approximately monthly.

The maximum and minimum nitrate-nitrogen (NOs-N) concentrations detected during this sampling
period were 0.31 mg/L and 0.036 mg/L, respectively. The concentration of NO3-N in the Arrow River
appears to be correlated to the river flow (Figure 9), where elevated nitrate typically occurs during
periods of lower flows in the river.

The concentration of dissolved reactive phosphorus (DRP) detected in the Arrow River has generally
been at or below the apparent laboratory detection limit of 0.001 mg/L, with few exceptions since
2019. The highest DRP concentration detected was 0.0064 mg/L in April 2022. This is conceptually
consistent with the expected limited mobility of phosphorus, which binds strongly to soil and minerals.

2 https://envdata.orc.govt.nz/AQWebPortal/Data/DataSet/Export/Location/EW734/DataSet/Discharge/Master/Interval/AllData
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Otago Regional Council has set water quality limits for the Arrow River through Receiving Water
Group 2 under Schedule 15 of the Regional Plan, as it is a tributary to the Kawarau River within the
Clutha/Mata-Au catchment. These water quality limits are the same as those for the Kawarau River
(Table 2). Based on the data presented in Figure 9, it appears that the water in the Arrow River often
exceeds the nitrate-nitrite-nitrogen value from Table 2 during summer.

Considering how the water quality limits are applied (refer to the note to Table 2), the lower reaches of
the Arrow River are interpreted to be frequently non-compliance with the ORC water quality limits. It is
estimated that only about 9.5% of water quality samples meet the water quality standard when flow is
at or below the median flow of about 2.9 m3/s. Therefore, there is limited capacity for further mobile
nutrient inputs within the catchment. Robust nutrient management is therefore required within and
around the development and Morven Hill spray irrigation areas that fall within the Arrow River
groundwater source area.

Figure 9: Nitrate Nitrogen Concentrations Detected in the Arrow River at Morven Ferry Road
233 Wetlands and Intermittent Waterways

Viridis Limited (Viridis) undertook ecological site investigations at the site in March and November 2025.
These investigations identified one perennial (holding permanent water) wetland on-site and three
intermittent (or ephemeral) wetlands that dry up during summer (Viridis, 2026). The perennial wetland is
located along a southeast flowing natural drainage pathway (Figure 2). All on-site wetlands exist within
either natural depressions or drainage features within the proposed residential development area.

These wetlands are located within the wider Arrow River catchment. Runoff water infiltrating into the
ground from these wetlands is expected to ultimately discharge as groundwater to the Arrow River.
Surface water discharging from these wetlands would flow along intermittent natural waterways in the
direction of the Arrow River. One of these waterways is intersected by the Morven Road Water Race,
with any flows in this waterway entering the water race. The water race ultimately discharges to the
Kawarau River.

During winter months, the wetlands are expected to receive shallow groundwater sourced from within
the proposed residential development area and potentially groundwater originating from Morven Hill.
These wetlands will also receive surface runoff from their surface catchments. The perennial wetland is
expected to receive shallow groundwater inputs throughout the summer, given this wetland is expected
to be permanently wet. During the summer, the intermittent wetlands are interpreted to become
disconnected from shallow groundwater and dry up due to evaporation and leakage (seepage losses) to
the underlying groundwater system.
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234 Ponds

Several farm ponds have been constructed on the Residential Terrace, presumably to provide
improved water supply security to stock (Viridis 2026). These farm ponds appear to dry out on a
seasonal basis. WGA expects that these ponds would act to recharge the underlying groundwater
when they have received runoff from the surrounding catchment. However, they are unlikely to receive
groundwater flows and discharge this water as surface flows exiting the site.

A larger farm pond is located on the Residential Terrace approximately 200 m east of the Ridgeburn
boundary (Figure 3). This pond occupies a shallow topographic basin, with the outflow from the pond
being toward the west. Although no investigations have been undertaken off-site, this pond is
expected to contain permanent water. The shallow groundwater table within the surface catchment of
this pond is interpreted as reflecting the overlying topography.

24 Groundwater Recharge

Climate data from the Queenstown weather station (5446) operated by NIWA, for the period 1970 to
2021, has been used to provide an approximation of seasonal soil moisture conditions at Ridgeburn.
Although average monthly rainfall varies from month to month, it does not vary greatly on a seasonal
basis (Table 3). In contrast, average monthly potential evapotranspiration is negligible through the
winter months of May to August, while it exceeds approximately 90 mm through the summer months
of November to February. Consequently, soil moisture deficits range from approximately 30 mm to
40 mm during these four summer months (Table 3).

A check on the Landcare soils maps for the Ridgeburn area indicates the Gibbston Soil, which covers
Morven Hill, has a soil moisture capacity of approximately 60 mm. The soils covering the Residential
and River Terraces have higher moisture capacities. On this basis, it is likely that under existing
conditions that seepage losses from the soils to the underlying groundwater system predominantly
occur through the months of May to October.

Table 3: Queenstown Weather Station (5446) Average Monthly Rainfall and PET (1970 — 2021)

AL TR suReLusDERCT
(mm)
January 78 118 -40
February 59 89 -31
March 69 58 10
April 68 21 47
May 90 3 88
June 77 0 77
July 69 0 68
August 72 9 63
September 80 34 46
October 86 68 18
November 68 96 -28
December 74 115 -42
Total 889 612
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Average annual groundwater recharge at Ridgeburn has been investigated by interrogating the
national groundwater recharge dataset (GNS 2019). The dataset, which provides mean annual
recharge rates in units of mm/day, indicates the following mean annual recharge rates for Ridgeburn:
. Morven Hillslope: 0.5 mm/day

. Residential Terrace: 0.5 mm/day

. River Terraces: 0.4 mm/day

As previously noted, these recharges are likely to occur predominantly through the months from
May to October, or effectively 1 mm/day through this six-month period. Extended soil moisture
retention within the root zone during the months from November to April works to reduce nutrient
losses to groundwater by extending the period during which both water and the associated nutrients
are accessible to plants and soil micro-organisms.
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3 SOILS AND AQUIFER TESTING

3.1 Soil and Sediment Profiles
3.1.1 Morven Hill

Morven Hill is composed of schist bedrock left behind by glacial erosion. The upper slopes of Morven
Hill are characterised by schist outcrops, separated by relic soils derived from weathering of the schist.
The smoother lower slopes are characterised by colluvial deposits derived from exposed schist and
soils higher up the slopes. These colluvial deposits are expected to increase in thickness toward the
toe of the slope.

The schist bedrock of Morven Hill is assumed to be effectively impermeable for the purposes of this
treated wastewater discharge assessment. This expectation is consistent with the findings from three
exploration holes drilled into the schist of the Residential Terrace, which were all effectively “dry holes”
although no hydraulic testing was undertaken on these holes (Section 3.1.2).

Shallow hand-auger investigations have been conducted on the slopes of Morven Hill as part of a
geotechnical assessment for the site (Kirk Roberts, 2026). These investigations identified:

. Shallow silty soils (< 0.3 m thick) over colluvial deposits or weathered schist bedrock across the
upper half of Morven Hill.
. Topsoil over colluvial deposits on the lower half generally 0.3 to 0.5 m thick and locally up to

approximately 1.0 m thick overlying weathered schist.

The soils were predominantly classified as silty sands by Kirk Roberts (2026). At the toe of Morven Hill,
test pits encountered topsoils over sand with local sandy gravel and gravelly sand to depths of up to
2.0 m bgl.

The soil map unit factsheet for Morven Hill (Landcare Research, 2025) indicates a well-drained loamy
Pallic soil (Gibbston Soil schist derived windblown silt: Otago, Ao2sS) with increasing rock fragment
contents with depth until bedrock is intersected at a depth of approximately 0.4 m. This description is
consistent with the observations of soils on Morven Hill by Kirk Roberts (2026). The range of
permeability estimates provided by Landcare Research (2025) for these soils is approximately 0.1 to
2.0 m/day. This range is consistent with guideline values for Category 3 to 4 loam soils.

3.1.2 Residential Terrace

A total of 15 soil test pits and 11 soakage tests in hand auger holes have been conducted by
Kirk Roberts on the Residential Terrace (Figure 10). Copies of the hand auger logs for the holes drilled
for soakage tests are presented in Appendix A.

Interpretation of the hand auger lithological logs indicates a trend in the shallow sediments underlying
the Residential Terrace. The trend is of fining sediments, from gravelly sands in the north to sandy
silts at the southern edge of the terrace (Figure 11). One auger hole, SK-05, intersected a coarser
sandy gravel at a depth of 2.1 m before terminating in ‘dense ground’.

Observations recorded by Kirk Roberts regarding the soil moisture characteristics (Figure 12) indicate
the shallow soils at the northwestern edge of the development were wet to saturated at the time of
drilling in October 2025. This contrasts with the shallow sediments across the southern half of the
development and along the eastern edge, which were characterised as moist rather than wet. Under
normal circumstances, the coarser sediments in the north could be expected to be more free-draining
than the finer sediments to the south. The reverse observation recorded by Kirk Roberts suggests
either more recharge was occurring in the north or underlying denser soils and bedrock were limiting
free drainage in the north. Drainage of these soils is considered further in Section 3.2.1.
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Consideration of the auger hole termination depths and style (Figure 13) indicates the wet sediments
in the northern section of the Residential Terrace were unstable and had a tendency to collapse. This
contrasts with the auger holes across the southern and eastern areas of the development on the
Residential Terrace, which tended to either meet hard refusal against ‘dense ground’ or would
progress to the target depth. Collapsed auger holes were characteristic of wet or saturated ground.

In terms of the suitability of the soils for treated wastewater discharge, the observations recorded by
Kirk Roberts from the hand auger investigations across the Residential Terrace suggest:

1. The southern and eastern areas of the development are likely to offer better discharge
opportunities due to deeper groundwater or better drainage during winter.
2. The irrigation canal that crosses the development area from northwest to southeast may be

losing water into the underlying soils and contributing to the observed soil saturation in the
north. If this is the case, the planned piping of this canal under the development may reduce the
levels of soil saturation at the northern end of the development.

313 River Terraces
3.1.3.1 Hand Auger Holes

WGA drilled a total of 13 hand auger holes to investigate the shallow soils on the River Terraces
(Figure 14). The geological logs for these auger holes, HA1 to HA13, are provided in Appendix A. At
most of the investigation points, two adjacent hand auger holes were drilled, one to approximately

0.4 m depth and the second to approximately 0.8 m depth. It was intended that the two holes would be
used for near-simultaneous soakage tests targeting different depths in the soil profile.

Overall, each of the River Terraces is covered by a surficial fine sandy silt layer at least 0.9 m deep.
The characteristics of these fine-grained layers are consistent between terraces. These fine sandy silt
layers are interpreted as being post-glacial lake deposits.

Observation of sediment exposures on eroded or excavated faces below the main terrace indicates
the fine sediment is present to a depth of approximately 2.2 m BGL. Underlying that depth layers of
coarse sands and fine gravels appear. These observations are consistent with the drillhole logs from
investigation trenches and machine auger holes drilled by Kirk Roberts on the main terrace
(Appendix A)

The main terrace is also partially covered by alluvial fans (Section 2.2), which are characterised by
poorly sorted gravelly sandy silt deposits derived from the erosion of older lake deposits underlying the
Residential Terrace. One hand auger hole (HA13) was drilled with difficulty into the lower slope of one
of these fans. Two attempts resulted in shallow refusal due to the auger meeting cobble clasts, with
the final attempt reaching refusal at the target depth of 0.7 m.

3.1.3.2 Deeper Piezometer Holes

Four deeper 100 mm diameter investigation holes (BH1 to BH4) have been drilled on the main and
lower terraces, with two holes on each terrace (Figure 14). A 52 mm ID piezometer has been installed
in each hole. Drillhole logs for these investigation holes are provided in Appendix A. The design
specified that the piezometers should be screened within the uppermost gravels underlying the
surficial sandy silt deposits.

The four deeper drillholes intersected strata ranging from sandy silts to gravels. In all four drillholes the
uppermost sediment sequence from top to bottom consists of topsoil, silts, sands then gravelly sands.
Below that depth the strata appear to become less continuous between the drillholes and more lensoid
in nature. Groundwater was intersected at depths of 4.2 m in the holes drilled on the Lower Terrace,
which is below the target depth for the two holes drilled on the Main Terrace. Neither of the holes
drilled on the Main Terrace intersected groundwater.
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3.1.3.3 Water Supply Trial Bores

Two deep trial bores were drilled by SouthDrill on the River Terraces (Figure 14), to test for potential
water supplies for the development. Copies of the driller's logs for each of these trial holes are provided
in Appendix C.

BHO04

The more northerly of the two deep water supply trial bores, BH04, was drilled on the Main Terrace,
with the ground elevation at approximately 318 mRL. The drillhole intersected topsoils and sandy
gravels to a depth of 8.4 m BGL, which is consistent with the deep soakage holes described above.
Below that depth, silts and gravelly silts were intersected to a depth of 34.4 m BGL, with this unit
interpreted as representing a confining layer. From 34.4 m to 38.8 m BGL silty gravels were
intersected with ‘large water flows’. Basement schist was intersected at 38.8 m BGL, with little water
flow generated from this unit. The silty gravels intersected from 34.4 m to 38.8 m BGL in BH04 are
considered to behave as a leaky confined aquifer with a thickness of approximately 4.4 m.

Prior to an initial stepped rate pumping test being performed on this bore, the static water level (SWL)
was measured at 9.22 m below the top of casing (m BTOC), which is equivalent to 8.92 m BGL. At its
closest approach, the Kawarau River is approximately 330 m from BHO4, and it has an elevation of
approximately 306 mRL at this point. The hydraulic gradient between BH04 and the river, assuming a
direct hydraulic connection between the aquifer and the riverbed, is approximately 0.009 m/m. A
pumping test performed on this unit is documented in Section 3.2.2.

BHO05

The more southerly of the two deep water supply trial bores, BH05, was drilled on an access track
from the Lower Terrace to the river flood plain, at an elevation of approximately 307 mRL. The
measurement datum for groundwater levels was the top of casing, 0.96 m above ground level. Bore
BHO5 intersected topsoils and sandy gravels to a depth of 8.2 m BGL, which is consistent with BH04.
Below that depth, bands of silts and silt-bound gravels were intersected to a depth of 28.8 m BGL, with
this unit interpreted as representing a confining layer. Basement schist was intersected at 28.8 m
BGL, and drilling continued to a depth of 102 m BGL. The schist intersected was apparently heavily
fractured and produced substantial flows of water during the drilling. The driller’s description of
alternating hard and soft bands, together with substantial inflows of water is very unusual for
basement schist rock mass in Otago. The observed flows led to the driller leaving almost the entire
schist section as open hole, with the overlying sediments cased off.

Prior to a constant rate pumping test being performed on this bore, the SWL was measured at 0.28 m
above the top of casing, which is equivalent to 308.3 m RL. This contrasts with the SWL measured
immediately following completion of the bore, which was 1.24 m BTOC or approximately 306.8 m RL.
At its closest approach, the Kawarau River is approximately 280 m from BHO05, and it has an elevation
of approximately 306.5 mRL at this point. The hydraulic gradient between BH05 and the river,
assuming a direct hydraulic connection between the aquifer and the riverbed, is approximately

0.006 m/m. A pumping test performed on this schist is documented in Section 3.2.2.

3.2 Hydraulic Testing Programme and Results

3.21 Residential Terraces

A total of 11 soakage tests were undertaken by Kirk Roberts, distributed across the

Residential Terrace. The data from these tests and the analysis results from Kirk Roberts are
presented in Appendix B and summarised in Table 4.

Analyses by Kirk Roberts indicate eight out of the eleven soakage tests returned soakage rates of

0.03 m/hour (or m3/hr/m?2). The only two results to reach or exceed 0.1 m/hour were from tests
performed on soakage holes located toward the northeastern edge of Ridgeburn (Figure 15).
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Overall, the interpreted soakage rates are low, with the highest rates interpreted as occurring toward
the northeastern edge of the Ridgeburn area (SK-02 and SK-04, Figure 15). This observation is
consistent with the interpreted gravelly sand and sand present in this area (Figure 15), combined with
the lack of a hard base termination to the soakage hole (Figure 13).

Analysis of the soakage test data indicates the hydraulic conductivity of the soils tested is
predominantly less 0.4 m/day, with only two results being equal to or exceeding 1 m/day (Table 4).
The permeability of the soils, as expressed by the hydraulic conductivity values, is generally
moderately low, indicative of a silty matrix even when the descriptions from the drillhole logs is of a
sand or a gravelly sand (Figure 16). The soil permeability indicated from the soakage tests tends to
increase toward the north, which is consistent with the coarsening trend in the sediments (Figure 16).

Table 4: Soakage Rates and Hydraulic Conductivity Derived from Soakage Tests on Residential
Terrace (Kirk Roberts)

mesmeanon o CIOTMC, S, NIRRT
(m/s)(12) (m/day)(*-2 (m3/hrim?)
SK-01 3.00 5x 106 0.4 0.03
SK-02 3.00 4 %106 0.3 0.1
SK-03 1.70 3x 10 0.3 0.02
SK-04 1.60 7 x 105 6 0.23
SK-05 2.30 2x 107 0.02 <0.005
SK-06 0.78 1x 106 0.1 0.01
SK-07 2.50 2x 107 0.02 0.01
SK-08 0.44 1x 105 1 0.07
SK-09 1.57 1x 106 0.1 0.02
SK-10 1.07 1x107 0.01 0.01
SK-11 3.00 4 x 107 0.04 0.01

Note:
() Refer to analysis sheets in Appendix B for uncertainty notes regarding hydraulic conductivity analysis results.

@ Blue cells indicative of good permeability (>= 1 m/day), orange cells indicate moderate permeability
(1 to 0.1 m/day), red cells indicate low permeability (< 0.1 m/day).

3.2.2 River Terraces
3.2.21 Shallow Sediments

Soakage tests have been used to investigate the hydraulic characteristics of shallow soils on each of
the River Terraces. Hand auger holes were drilled to depths of up to 0.9 m and the drill hole cuttings
were logged (Section 3.1). Each auger hole was then filled with water and the rate at which the water
level dropped within the hole was recorded. WGA undertook a total of 25 falling head (soakage) tests
in these hand auger holes. The resulting hydraulic test data was then analysed to provide an estimate
for the hydraulic conductivity of the soils surrounding the auger hole. Copies of the analysis sheets are
presented in Appendix B. The results for each terrace are summarised in Table 5 and a summary of
the overall hydraulic behaviour of the soils for that terrace are summarised in Table 6. The hydraulic
behaviour of the fine-grained soils is consistent across each of the terraces, and between terraces.
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3.2.2.2 Deeper Piezometers

Four holes (BH1 to BH4) were drilled through the surficial soils on the Main and Lower River Terraces
and were instrumented with piezometers screened in the uppermost three metres of the immediately
underlying gravels. These 52 mm diameters piezometers were tested by Kirk Roberts using falling
head tests. In each case, the tests were repeated three times as the recovery rates were rapid, and
repeatability of the tests was important.

The recovery curves from these falling head tests were analysed to determine the hydraulic conductivity
of the surrounding gravel sediments. Copies of the test analysis sheets are provided in Appendix B
(Figures B31 to B42). The results from analysis of the failing head tests were consistent from site to site
(Table 7), within a range from 1 x 10 to 4 x 104 m/s. The average hydraulic conductivity results for
each of these piezometers (Table 7) indicate the permeability of these gravelly sand layers is
approximately 100 times higher than the permeability of the surficial silts (Table 6).

Table 7: Falling Head Average Test Results for River Terrace Gravels

AVERAGE HYDRAULIC CONDUCTIVITY(™

BORE ID
(m/s) (m/day)
BH1 1.4x104 12
BH2 2.7x104 24
BH3 3.9x104 34
BH4 41x104 36
Average 3.1x104 26

Note:
() Average of the results from three falling head tests performed on each piezometer.

3.2.2.3 Water Supply Trial Bores

Two deeper trial bores to test for potential water supplies for the development (BH04 and BHO05) were
drilled on the River Terraces (Section 3.1.3.3). Pumping tests were performed on these two bores by
SouthDirill, with the raw data provided to WGA for analysis (Appendix C).

BHO04

Conceptually, BH04 is screened in a 4.4 m thick gravel aquifer that is underlain by impermeable
(relative to the aquifer) schist bedrock and overlain by a 26 m thick leaky silt confining layer. Above the
confining layer is another gravel aquifer that contains a free groundwater surface. The bore is 150 mm
diameter, with the flow rate applied being approximately 6.45 L/s. Consequently, well bore storage is
expected to have a significant effect on the early-stage drawdown curve.

Analysis results from the pumping tests are summarised in Table 8, with copies of the analysis sheets
provided in Appendix C. As no observation well was available to monitoring the drawdown from this
test at a distance from BHO04, the value derived for aquifer storativity is unreliable and not documented
in Table 8.

Bore BH04 is located approximately 330 m from the Kawerau River at its closest approach. Based on
the indicated aquifer transmissivity, the pumping rate and the length of the pumping test, it is
reasonable to expect that the pumping test could have been influenced by recharge from the river.
The results from the analysis method applied (Moench leaky confined aquifer method with a constant
head in an overlying aquifer) suggest recharge from the river may have influenced drawdown during
the pumping test.
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Table 8: Hydraulic Test Results from Water Supply Trial Bores

PARAMETER UNITS =] [V BHO05
Aquifer tvoe Gravel, Fractured rock,
q typ leaky confined leaky confined
Moench (1985)
. . leaky confined aquifer Hantush (1960)
Analysis methodology applied with constant head in | leaky confined aquifer
overlying aquifer
Pumping rate applied Lis 645 17
ik R mi/day 560 1,010
Saturated aquifer thickness m 44 73
) ) o m/s 1.3x 104 8 x 107
Aquifer hydraulic conductivity
m/day 10.9 0.07
. o m2/s 55x 104 6 x 10°
Aquifer transmissivity
mZ2/day 48 52
Confining aquitard thickness m 26 29
Confining aquitard vertical hydraulic m/s 1.6 x 10° -
conductivity () m/day 0.0014 -

Note:

() The lack of appropriate data from observation wells means the values for hydraulic conductivity of the confining
layer are subject to significant uncertainty.

BHO05

Conceptually, BHO5 is screened in heavily fractured zone of schist with a total exposed thickness in
the drillhole of 73 m. The overlying 29 m of silts and other sediments were cased off and are
interpreted to constitute a thick leaky silt confining layer. The bore is 150 mm diameter, with the flow
rate applied being approximately 11.7 L/s. Consequently, well bore storage is expected to have a
significant effect on the early-stage drawdown curve.

Analysis results from the pumping tests are summarised in Table 8, with copies of the analysis sheets
provided in Appendix C. As no observation well was available to monitoring the drawdown from this
test at a distance from BHO05, the values for aquifer storativity and aquitard leakance are unreliable
and not documented in Table 8.

Bore BHO5 is located approximately 280 m from the Kawerau River at its closest approach. Based on
the indicated aquifer transmissivity, the pumping rate and the length of the pumping test, it is
reasonable to expect that the pumping test could have been influenced by recharge from the river. We
note that the alternating hard and soft bands in the schist intersected suggest the drillhole intersected
a complex and steeply dipping fault zone. Furthermore, the results from the analysis method applied
(Hantush leaky confined aquifer method) suggest a strong hydraulic connection to a nearby water
source. On this basis, it is reasonably expected that water drawn to BHO5 by pumping is
predominantly sourced from the Kawarau River.

As there was no separate observation bore available to monitor the pumping test on BH05, there is
significant uncertainty in the hydraulic characteristics of the aquifer around this bore. The analysis
outcomes incorporating a strong hydraulic conductivity to a surface water body suggest the pumping
would have generated negligible drawdown in the surrounding aquifer. Although this outcome is
reasonable and provides the best fitted curve to the drawdown data that we were able to achieve, it
does not provide a conservative estimate of drawdown to inform the assessment of the source water
protection zone (Section 4.4).
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4 INTERPRETATION

4.1 Conceptual Groundwater Model

Morven Hill is composed of schist bedrock left behind by glacial erosion. This schist bedrock extends
out underneath the Residential Terrace at shallow depth. To the south, the bedrock is interpreted to
drop away steeply close to the River Terrace drop-off (Figure 17). The bedrock then extends out under
the River Terraces at depths of several tens of at least 20 to 40 m. For the purposes of this
wastewater disposal assessment, the schist bedrock can be considered as effectively impermeable.

The Residential Terrace is covered by glacial or alluvial soils and sediments several metres thick. Both
the surface of this terrace and the underlying interface between the soils and the schist bedrock are
interpreted to slope downward toward the northeast, as far as the Arrow River. Groundwater flows
across the residential terrace are interpreted to be in a northeast direction, consistent with the overall
topographic gradient. An on-site elongate perennial wetland follows a drainage flow path in a
southeasterly direction. Shallow groundwater within higher ground surrounding this drainage pathway
is interpreted to potentially discharge into this wetland. The other on-site seasonal wetlands are
interpreted to potentially receive shallow groundwater inputs on a seasonal basis and otherwise lose
to ground.

The Morven Road water race that crosses Ridgeburn (Figure 17) is likely to be hydraulically
connected to the surrounding groundwater system. However, it is not clear from the available data
whether the irrigation race is losing water to the groundwater or vice versa, or both, depending on
season and the stretch of the water race being considered. The planned piping of the water race
under Ridgeburn will disconnect the race hydraulically from the groundwater system.

A farm pond is located on the Residential Terrace approximately 200 m east of the Ridgeburn boundary
(Figure 17). This pond occupies a shallow topographic basin, with the outflow from the pond being
toward the west. Although no investigations have been undertaken off-site, the shallow groundwater
table within the surface catchment of this pond is interpreted as reflecting the overlying topography. On
that basis, it is expected that shallow groundwater flows exiting the Ridgeburn area of the Residential
terrace will pass to the north of this pond rather than entering the pond’s catchment basin.

Groundwater flow close to the southern edge of the Residential Terrace, and under the terrace drop-
off to the south, is likely to be toward the south (Figure 17). The groundwater flow rates underneath
the drop-off are likely to be small due to the limited catchment area. Most of the glacial and lake
deposits exposed in the drop-off and underlying the southern edge of the residential terrace are
expected to be unsaturated. No indications of groundwater discharges at the toe of the drop-off in the
form of seeps or springs were found during the field investigations.

The sand and gravel aquifers underlying the Middle and Lower Terraces, together with the highly
fractured schist intersected in BHO5, are considered to be strongly connected to the Kawarau River.
The depth to groundwater underlying the River Terraces varies, depending primarily on the elevation
of the terrace surface. Observed depths to groundwater under the Middle and Lower Terraces were
several metres, whereas groundwater under the river floodplain was effectively at surface during the
October field investigation programme. However, depths to groundwater under the River Terraces will
also vary in response to changes in water level in the Kawarau River due to the strong hydraulic
connection between the river and these aquifers.

Groundwater abstracted for supply purposes through bores BH04 and BHO5 is likely to be primarily
recharged through seepage flows from the Kawarau River. The extent of groundwater drawdown in
response to these proposed takes is expected to be limited to the aquifer areas underlying the River
Terraces. Therefore, these proposed groundwater takes are considered to effectively be surface water
takes through a stream depletion process.
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4.2 Treated Wastewater Loading Rates
4.21 Morven Hill

The soils of the Morven Hill slopes are expected to be Category 3 to 4 loam soils covering colluvium
and weathered schist bedrock (Section 3.1.1). A loading rate using spray irrigation is limited to
Category 4 soils, where 3.5 mm/day is considered appropriate (AS/NZS 1547 Table 5.2), provided
allowances are made for system constructability. Refer to the assessment of wastewater discharge
effects for further information (WGA 2026a).

4.2.2 Residential Terrace

A range of sediment lithologies was intersected by soakage holes drilled on the Residential Terrace,
including sandy sediments. However, the hydraulic conductivity values derived from analysis of the
tests (Section 3.2.1) indicates the soils are Category 4 as set out in Table 5.1 of the AS/NZS 1547. On
this basis, subsurface dripline irrigation loading rates are likely to be equivalent to those appropriate
for loams (3.5 mm/day, AS/NZS 1547 Table 5.2), with allowances to be made for slope gradients
within the development area. Refer to the assessment of wastewater discharge effects for further
information (WGA 2026a).

4.3 Development Stormwater Management

The proposed development, including stormwater management infrastructure and impervious
surfaces, would result in changes to the hydrological behaviour of existing stormwater catchments
supplying surface water and groundwater to the on-site wetlands. The site investigations undertaken
by Kirk Roberts and Viridis inform the hydrogeological conditions and behaviour of these on-site
wetlands, as per the conceptual groundwater model presented above. One on-site wetland is
expected to be perennial (wet across the seasons) as a result of natural stormwater and groundwater
inputs (Section 2.3.3).

According to McKenzie (2026b), the projected changes to stormwater flows are relatively small (up to
a 10% increase in flow to the perennial wetland during a two-year storm under their modelled climate
change scenario). Spatially distributed groundwater recharge within the wetland catchments is
expected to be reduced due to placement of impervious surfaces. However, focused recharge to
groundwater within the wetland catchments is expected to increase through the operation of proposed
constructed wetlands, ponds, and dry basins designed to attenuate flooding effects related to extreme
storm events. The proposed dry basins and swales are also expected to increase shallow
groundwater recharge up-gradient from and around the existing on-site wetlands during low-level
precipitation events. Further to this, treated wastewater is proposed to be utilised for irrigation of native
plants on Morven Hill (WGA 2026a). Morven Hill forms a primary groundwater recharge area within
the on-site perennial wetland catchment. Refer to the assessment of stormwater hydrogeological
effects for further information (WGA 2026c¢).

44 Groundwater Take and Water Supply Bore Protection Area

Site investigations inform the hydrogeology of the River Terraces area, where the two proposed
community water supply bores are located. The site testing provides a basis for characterising
groundwater flow and contaminant transport for the groundwater take assessment of effects and
community source water protection zone.

The shallow sediments underlying the topsoil across the River Terraces are considered descriptively
to be Category 4 weakly structured clay loams, as set out in Table 5.1 of the AS/NZS 1547. The
indicative permeability of these Category 4 soils is in the range from 0.12 to 0.5 m/day, which is
consistent with the median results from the soakage tests performed by WGA (Table 6).
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Underlying these shallow sediments are more gravelly, permeable, aquifer strata, as encountered by
the deeper piezometers described in Section 3.2.2.2. The shallow gravel aquifer strata screened by
the deeper piezometers is interpreted to the hydraulically connected to the Kawarau River, which is
approximately 200 m to 400 m from most areas on the River Terraces.

A preliminary calculation of water supply bore capacities has been undertaken to support the
designation of protection areas for these bores. A more detailed assessment of water supply bore
performance and treatment for potable supply is provided by GWE (2026). The preliminary estimate
(Table 9) indicates BHO04 and BHO5 have production capacities of approximately 600 and

1,880 m3/day, respectively. These flow rates are appropriate and conservative for the assessment of
the water supply protection areas.

The analysis of the aquifer parameters from the pumping test performed on BHO5 indicates a direct
hydraulic connection to the Kawarau River (Section 3.2.2.3). Consequently, projected groundwater
drawdown in the aquifer is negligible, even after 365 days pumping at 1,880 m3/day. For the purposes
of defining a source water protection area, we have discounted the potential direct connection river
and have utilised instead the projected aquifer drawdown derived from the BH04 pumping test.

The assumption regarding the applicability of the projected aquifer drawdown derived from the BH04
pumping test to define a combined source water protection area is not considered to be a significant
one. The River Terraces are laterally highly restricted by the Kawarau River and the steeply rising
schist bedrock at the southern edge of the Residential Terrace. For this reason, the extent of
groundwater drawdown in the aquifers around the water supply bores is not a key factor in defining the
source water protection area.

Table 9: Preliminary Water Supply Bore Capacity Estimates

PARAMETER UNITS BH04 BHO05
Depth m BGL 37.79 102.96
Base of Casing m BGL 34.79 65
Static Water Level m BGL 8.92 0.28
Test Flow Rate Us o4 17
m3/day 557 1,010
Available Drawdown (1) m 18.9 57.7
Test Drawdown m 174 31.0
Specific Capacity Approximation m3/day/m 32.0 32.6
Bore Production Capacity m3/day 600 1,880
L/s @ 6.9 21.8

Note:

() The calculation of available drawdown includes an allowance of 2 m to install the pump above the base off the
board casing and a further 5 m for cavitation protection.

@ The flow rate in L/s is an average over 24 hours equivalent to the m3/day value.

An indicative groundwater drawdown curve following a pumping period of 365 days, derived from the
pumping test performed on BHO4, is presented in Figure 18. There is considerable uncertainty
regarding the extent and magnitude of groundwater drawdown that would arise from the use of BH04
as a water supply bore. However, the key point is that the drawdown would extend across most of the
area occupied by the River Terraces. Importantly, if both BH04 and BHO5 were utilised for water
supply purposes, the combined drawdown would extend across all of the area occupied by the river
terraces.
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Figure 18: Indicative Magnitude and Extent of Groundwater Drawdown Around BH04

The hydraulic boundaries to the aquifers underlying the river terraces are:
1. The Kawarau River and any branches of the river, which would act as recharge boundaries.

2. The schist bedrock underlying the Residential Terrace, which would effectively act as a no-flow
boundary. To the north of this boundary groundwater drawdown and contributing recharge
would be insignificant.

In terms of a groundwater protection zone around the two proposed water supply bores, this zone
would effectively include and be limited to all of the River Terrace areas as shown on Figure 19. This
protection zone would extend south and outside the Ridgeburn development area to include the
Kawarau River floodplain.

The irrigation of treated wastewater to Morven Hill slopes would not impact on the groundwater
protection zone as water seeping through soils on the hillslopes would be primarily taken up by soils
underlying the residential terrace. Groundwater flow in these soils is toward the northeast, in a
direction consistent with the topographic gradient (Figure 17). In effect, seepage water from Morven
Hill would be transported in the subsurface away from the two proposed water supply bores. The
groundwater drawdown cones generated by the proposed abstraction would not affect the
groundwater system on the Residential Terrace.

The southwest extent of Morven Hill within the Ridgeburn boundary above the Residential Terrace is
marginally within the interpreted groundwater recharge area to River Terraces (including the Kawarau
River Alluvial Ribbon Aquifer). This area of Morven Hill represents approximately 10 ha (about 6%) of
the approximate total groundwater recharge area to the Kawarau Ribbon Alluvial Ribbon Aquifer of
160 ha. Much of this recharge area is outside of the Ridgeburn boundary to the southwest.

The fraction of the proposed groundwater abstraction sourced from up-gradient groundwater recharge
is estimated to be about 3% of the total take, with contributions from the Kawarau River making up the
remainder (WGA 2026b). Therefore, only about 0.2% of the proposed groundwater take is expected to
be sourced from recharge within proposed irrigation areas on Morven Hill. The groundwater protection
zone is informed by assessment of the potential exposure pathway between the edge of the
Residential Terrace and the production bores. This assessment indicates suitable attenuation is
provided by the groundwater protection zone, with treated wastewater irrigation predominantly
proposed outside of this zone on the Residential Terrace and Morven Hill (WGA 2026a).

WGA | Ridgeburn Development Hydrogeological Site Investigations | WGA252389-HG-RP-0001_D 9 March 2026 | 34






5 cLosure

The information presented in this report is principally factual in nature, combined with interpretive
material related to the current groundwater systems at Ridgeburn. This report was produced to
support the WGA groundwater effects assessments produced to support the application for resource
consents authorising the Ridgeburn development to take and treat groundwater for potable community
supply, manage and discharge stormwater, and utilise treated wastewater for irrigation discharge to
land. The contents of this report should be considered in conjunction with the relevant WGA

hydrogeological assessment of environmental effects reports (groundwater, wastewater, and
stormwater).
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MACHINE BOREHOLE LOG

contents by any other person.

do not identify variations in the ground away from the test locations.
Elevation datum and coordinates sourced from council GIS LIDAR contours.

[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they

Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-01
Job No.: 2555087 Type:
Latitude: Longitude: Date:
Logged By: T) Checked By: OB Operator:
Logged Date:  10/12/25 Checked Date: 10/12/25 Datum: NZGD 2000
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%0 T P E|E|l 2 =<5
o 2 DESCRIPTION % o <>t G |v>¢8 SPT DATA INSTALLATION
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— 20 =20 —]
Gravelly SAND; dark grey. Moist, sand, fine to coarse; gravel, fine, subround.
[ Sandy GRAVEL; grey . Moist, gravel, fine to medium, subround; sand, fine to coarse. 1 |
- - 3.0 =30 —]
- - 40 <40 —]
i 4.2m: Ground water.— | B T 1
i SAND, with minor gravel; brownish. Moist, sand, fine; gravel, fine to medium, subround. T T
- - 5.0 =50 —]
REMARKS Water Level Measurements
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MACHINE BOREHOLE LOG
Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-01
Job No.: 2555087 Type:
Latitude: Longitude: Date:
Logged By: T) Checked By: OB Operator:
Logged Date:  10/12/25 Checked Date: 10/12/25 Datum: NZGD 2000
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End of Borehole- Target Depth.
- EOH: 10.00m - 1 1
REMARKS Water Level Measurements

[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.

Elevation datum and coordinates sourced from council GIS LIDAR contours.
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[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.
Elevation datum and coordinates sourced from council GIS LIDAR contours.

MACHINE BOREHOLE LOG
Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-02
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REMARKS Water Level Measurements
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MACHINE BOREHOLE LOG
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Client: Gibbons Developments Ltd

Site Address: Morven Ferry Road Weather: Fine

Town/City: Queenstown Borehole: BH-02

Job No.: 2555087 Type:

Latitude: Longitude: Date:

Logged By: T) Checked By: OB Operator:

Logged Date:  10/12/25 Checked Date: 10/12/25 Datum: NZGD 2000
'{_‘5 g % I 5 g = § %
e DESCRIPTION Z |3 (2| B [55¢ SPT DATA INSTALLATION
§ E g o é ': i DZ 2 (Uncorrected)

-F30
)

[CONT] GRAVEL, with minor sand; grey . Moist, gravel, fine to coarse, subround; sand, coarse.

= 6.0 ==6.0

| I— 7.0 —4=7.0
— 80 =80
SAND; grey . Moist, sand, fine to medium.
| [I— 9.0 ——=9.0
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[ EOH: 10.00m

End of Borehole -Target Depth.

REMARKS

[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.
Elevation datum and coordinates sourced from council GIS LIDAR contours.

Water Level Measurements
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MACHINE BOREHOLE LOG
Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-03
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Latitude: Longitude: Date:
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REMARKS Water Level Measurements

[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.

Elevation datum and coordinates sourced from council GIS LIDAR contours.
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MACHINE BOREHOLE LOG
Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-03
Job No.: 2555087 Type:
Latitude: Longitude: Date:
Logged By: T) Checked By: OB Operator:
Logged Date:  10/12/25 Checked Date: 10/12/25 Datum: NZGD 2000
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REMARKS Water Level Measurements

[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.

Elevation datum and coordinates sourced from council GIS LIDAR contours.
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[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.

Elevation datum and coordinates sourced from council GIS LIDAR contours.
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[This report is prepared solely for the client who commissioned it and Kirk Roberts Consulting Engineers Ltd will not accept any liability of any kind for the use of its
contents by any other person.

[Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions across the site, they
do not identify variations in the ground away from the test locations.

Elevation datum and coordinates sourced from council GIS LIDAR contours.

MACHINE BOREHOLE LOG
Client: Gibbons Developments Ltd
Site Address: Morven Ferry Road Weather: Fine
Town/City: Queenstown Borehole: BH-04
Job No.: 2555087 Type:
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REMARKS Water Level Measurements
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Gibbons Developments Ltd 2555087

Morven Ferry Road HA-SK-01
Queenstown
SSA 14/10/25
SSA OMB Sunny/dry
NZGD 2000
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/10/ /10/ Target Depth Achieved
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— SandySILT; darkbrown. Moist, non-plastic; sand, fine
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Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.
Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-02
Queenstown
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Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087

Morven Ferry Road HA-SK-03

Queenstown
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SandySILT; darkbrown. Saturated, non-plastic; sand,
fineto medium; With minor rootlets.

Gravelly SAND. Saturated, sand, fineto coarse;
gravel, fineto coarse, subangular to subround,
completely weathered to highly weathered.

End ofBorehole - Terminated due to Collpase.

EOH: 1.70m

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1




Generated with CORE-GS

Gibbons Developments Ltd 2555087

Morven Ferry Road HA-SK-04

Queenstown
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SandySILT; darkbrown. Moist, non-plastic; sand, fine
to coarse; With minor rootlets.

Gravelly SAND. Wet tosaturated, sand, fineto
coarse; gravel, fineto coarse, subangularto
subround.

End ofBorehole - Terminated due to Collapse

EOH: 1.60m

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-05
Queenstown
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Refusal on Dense Ground
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SandySILT; darkbrown. Moist, non-plastic; sand, fine
to coarse; With trace rootlets.

Gravelly SAND; dark brownih grey. Moist, sand, fine
to coarse; gravel, fine to medium, subangular to
subround.

Sandy GRAVEL; dark grey. Moist towet, gravel, fine
to coarse, angular to subround, completely
weathered to highly weathered, schist; sand, fine to
coarse.

End ofBorehole - Refusal on Dense Ground.

EOH: 2.30m

Groundwater Not Encountered

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.
Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087

Morven Ferry Road HA-SK-06

Queenstown
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SandySILT; darkbrown. Moist to saturated, non-
plastic; sand, fine to medium; With trace rootlets.

SAND, with minor gravel; dark grey. Moist to
saturated, sand, fine to medium; gravel, fineto
medium, angular tosubround, completely weathered
to highly weathered, schist.

End ofBorehole - Termination dueto Collapse.

EOH: 1.20m

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087

Morven Ferry Road HA-SK-07
Queenstown
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14/10/25 28/10/25
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— SandySILT; darkbrown. Moist to wet, non-plastic;
g T T sand, fine tomedium; With minorrootlets.
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S
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Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.
Elevation datum sourced from council GIS LiDAR contours.
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-08
Queenstown
SSA 14/10/25
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a
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° T T to coarse; With trace rootlets. §
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© 4 subround, completely weathered to highly o]
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& | rock. E
End ofBorehole - Refusal on Hard Ground.
1 | | eoH:0.60m
1.0 2
154 |- 2
20 S
254 o
3.0 p
354 o
40 g
451+ 9

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-09
Queenstown
SSA 14/10/25
Sunny/dr
SSA OMB NZGDy/ZO(\J/O
14/10/25 28/10/25
/10/ /10/ Refusal on Dense Ground
a
SNt nwoOoN0a 0N T 88582
— SandySILT; darkbrown. Moist, non-plastic; sand, fine
g T T to medium; With trace rootlets.
o -+ -
S
T7T SAND, with somegravel; dark greyish brown. Moist
T T o| towet, sand, fineto coarse; gravel, fine to medum,
05—+ - o[ angular to subround; With trace limonite staining.
T i ©
+F o
o |10 2 £
‘7) ' 8
8 4 L e
[ wi
o -+ - 4+
[ (e}
2 4t =
& 3
g Tr 2
g 154 L2 g
% 1 L o
2 o
> 1 L
5 1L
20 S
0
254 o
"| End ofBorehole - Refusal on Dense Ground
1 | | eoH:2.50m
3.0 p
354 o
40 g
451+ 9

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical

conditions across the site, they do not identify variations in the ground away from the test locations.
Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-10
Queenstown
SSA 14/10/25
Sunny/dr
SSA OMB NZGDY/ZO(;/O
14/10/25 28/10/25
/10/ /10/ Refusal on Dense Ground
a
SNt nwoOoN0a 0N T 88582
Silty SAND; dark brown. Moist to wet, non-plastic,
3 T T sand, fine to coarse; with trace rootlets.
a 1 L
© 11
T
| SAND, with somegravel; dark greyish brown. Moist §
054+ | o X X . . c
@ 7| towet, sand, fineto coarse; gravel, fineto medium, 3
2 T T subangular tosubround, completely weathered to e
Q . . w
© =+ highlyweathered, schist. =
a o
. 1 L =4
o) P
= 9]
% TTr 2
()
§ 1.0 2 T
gl 4+ 8
,3 (G}
X 1 L
[
g 1 L
154 2
' | End ofBorehole - Refusal on Dense Ground.
11 EOH: 1.50m
20 S
254 o
3.0 p
354 o
40 g
451+ 9

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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Gibbons Developments Ltd 2555087
Morven Ferry Road HA-SK-11
Queenstown
SSA 14/10/25
Sunny/dr
SSA OmB NZGDy/ZO(\J/O
14/10/25 28/10/25 .
/10/ /10/ Target Depth Achieved
a
SNt nwoOoN0a 0N T 88582
— SandySILT; darkbrown. Moist, non-plastic; sand, fine
g T T to medium; Withminorrootlets.
S 1 L
T7T Silty SAND, with traceclay and gravel; dark brownish
T T ol 8rey. Moist, non-plastic, sand, fineto medium;
051 = | gravel, fine angulr to subround.
1.0 2
-+ - ©
[
1 L 9]
2 1S
2 1 L 5
g g
é) T - wl
g 154 |- 2 %
& 4 } 2
2 :
Q T B he)
2 4 [G]
% 20 S
254 o
30 -
“| End ofBorehole.
1 | | EoH:3.00m
354 o
40 g
451+ 9

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical
conditions across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1




Bore Construction Report

OFACE USEONLY
Date received: Accession number: Signed:
Bore number: sou 2852 hole no140 Entered IRIS date: Invoice date:
GENERAL DETAILS

Client/Consent holder's name: Cameron

Consent number: RM25.435.01

Location/Address: 122 Morven Ferry Road Queenstown

Grid reference - Easting: 1271608m E

Northing: 5008548m N

Mobile phone_

Sketch plan attached: Yes Photos attached: Yes Home phone:
DRILLINGDETAILS
Drilling company: SouthDrill Ltd Driller: Rowland Harrex
Machine/Rig: Western Star Drilling Rig [QCL493] Fleet no. 2030
Drill method(s): Air Rotary
BORE CONSTRUCTION DETAILS

Start date: 12/11/2025

Finish date: 24/11/2025

Bore diameter: 200mm

Casing material: Steel

Screen material: s/s

Screen diameter (inside): 156mm

Screen diameter (outside): 162mm

Screen slots: 2.5mm

Overdrilled: Yes

PUMPINGWATER DETAILS

Drybore: No

If dry, was casing retrieved? Bore filled in:

Development period: 39 hours

Development method: Airlifted

Yield/test pumping: Pumped

Test pump period: 27 hours

Test pump rate: 6.5 litres/second

Method of measuring reate: meter

Comments: 3 stage pump test and 24 hr constant rate

Pumped water level: 25.53 metres

WATER QUALITY ETC

Bacterial water test: Yes

Chemical water test: Yes

Casing top sealed: Yes

Impenvious seal at ground: Yes

Comments:
water test taken by hydrologist

BORE LOG (METRES BELOW REFERENCE POINT)

0m-0.4m top soils

0.4m-8.4m brown silty gravels

8.4m-11.9m blue silts large cobbels

11.9m-22m blue silts odd gravels

22m-34.4m blue silts

34.4m-38.8m silty gravels large water flow

38.8m—41.83m tight silty gravels possible schist

41.83m tryed to get water flow 41.83-38.83 with 3m screen not much flow pulled screen and caseing back

Do you intend to drill more bores under this Land Use Consent number? No

If yes, number of bores drilled:

Number of bore logs provided:

PTO for bore diagram







Bore Construction Report

OFACE USEONLY

Date received: Accession number: Signed:
Bore number: 2852 bore no5 Entered IRIS date: Invoice date:

GENERAL DETAILS
Client/Consent holder's name: Cameron Consent number: RM25.435.05
Location/Address: 122 MORVEN FERRY ROAD
Grid reference - Easting: 1271404m E Northing: 5008426m N Mobile phone: ||
Sketch plan attached: Yes Photos attached: Yes Home phone:

DRILLINGDETAILS
Drilling company: SouthDrill Ltd Driller: Rowland Harrex
Machine/Rig: Western Star Drilling Rig [QCL493] Fleet no. 2030
Drill method(s): Air Rotary

BORE CONSTRUCTION DETAILS

Start date: 21/11/2025

Finish date: 05/12/2025

Bore diameter: 200mm

Casing material: Steel

Screen material: NA

Screen diameter (inside): 0mm

Screen diameter (outside): 0mm

Screen slots: 0mm Overdrilled: Yes
PUMPINGWATER DETAILS
Drybore: No If dry, was casing retrieved? Bore filled in:

Development period: 29 hours

Development method: Airlifted

Yield/test pumping: Pumped

Test pump period: 28 hours

Test pump rate: 11.7 litres/second

Method of measuring reate: METER

Comments: DID 2 STAGE PUMP TEST AND 26HRS CONSTANT RATE

Pumped water level: 32.5 metres

WATER QUALITY ETC

Bacterial water test: Yes

Chemical water test: Yes

Casing top sealed: Yes

Impenvious seal at ground: Yes

Comments:

TOKE HILL LAB TEST WHEN DEVELOPING AND CONSALTENT DID HIS OWN WILL WE PUMPED 0.63NTU

BORE LOG (METRES BELOW REFERENCE POINT)

Om-3.1m TOP SOILS ODD GRAVEL

3.1m-8.2m SANDY GRAVELS

8.2m-15.2m BLUE SILTS ODD GRAVELS

15.2m-20.2m TIGHT SILTS GRAVELS

20.2m-28.8m BANDS BLUE SILTS AND GRAVELS

28.8m-30.89m SCHIST ROCK

30.89m-42m OPEN HOLE 30.89MSOFT AND HARD BANDS SCHIST BLOWING ABOUT 2 LTS/SEC WATER
42m-60m SOFT AND HARD BANDS SCHIST BLOWING 10-15 LTS/SEC aprox
60m-72m SCHIST HARD SMALL SOFT ZONES BLOWING 10-15LTS/SEC PLUS aprox
72m-73.2m SOFT ZONE POSSABLY MORE WATER FLOW

73.2m-100m SCHIST HARD SMALL SOFT ZONES

100m-102m SOFT FRACTUERD HOLE CAVEING IN

102m 6inch CASEING TO 66M

Do you intend to drill more bores under this Land Use Consent number? No

If yes, number of bores drilled:

Number of bore logs provided:

PTO for bore diagram
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TEST PIT RESULTS

Client: Gibbons Developments Ltd Job No.: 2555087
Site Address:  Morven Ferry Road Test Pit No. TP-1
Town/City: Queenstown Scala Penetrometer:
Operator: MH Date: 05/05/25
Weather: Fine
Logged By MH Checked By: OB Datumn:
Logged Date:  05/05/25 Checked Date: 07/05/25 N
eg /05/ /05/ Termination:
= c = Undrained .
O 9 o S 2 n S0 Blows per 100 mm of Penetration
= BE|E Sample Description 5 S|al|fs Shear
S E|l =3 g > = (2 [Strength Su
5 Q2
O @ w (kPa)
Sandy silty TOPSOIL; dark brown. Moist; with
TT rootlets.
T T Silty SAND, with some gravel, with trace cobbles;
- F brownish grey. Medium dense, moist to wet, non-
1 L plastic, sand, fine to medium; gravel, fine to medium,
051 | w| subroundto subangular.
o
1.0 S
15 |
— - he)
(9]
2.0 o @
o €
€ | >
3
C
T I~ w
1 L °
=
251 L w g
o he}
C
—_ - >
o
<+ F G}
SILT, with trace clay; brownish grey. Medium dense,
T T moist, non-plastic.
3.0 <
@
35 [ w
@
TT SAND; brownish yellow. Medium dense, moist, sand,
T T medium.
4.0 o
Y1 Silty SAND, with trace gravel. Medium dense, moist,
T T non-plastic, sand, fine to medium; gravel, fine,
T r subround.
454 L g
"| EOH: 4.60m
Remarks:

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions

across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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TEST PIT RESULTS

Client: Gibbons Developments Ltd Job No.: 2555087
Site Address:  Morven Ferry Road Test Pit No. TP-2
Town/City: Queenstown Scala Penetrometer:
Operator: MH Date: 05/05/25
Weather: Fine
Logged By MH Checked By: OB Datumn:
Logged Date:  05/05/25 Checked Date: 07/05/25 N
eg /05/ /05/ Termination:
= c = Undrained .
O 9 o S 2 n S0 Blows per 100 mm of Penetration
= BE|E Sample Description 5 S|al|fs Shear
S E| &~ |3 g 5 2 @ |Strength Su
5 Q2
O @ w (kPa)
Sandy silty TOPSOIL; dark brown. Moist; with
TT rootlets.
T T Silty SAND, with some gravel, with trace cobbles;
- F brownish grey. Medium dense, moist to wet, non-
1 L plastic, sand, fine to medium; gravel, fine to medium,
051 | w| subroundto subangular.
o
TT SILT, with trace clay and sand; brownish grey.
T T Medium dense, moist, non-plastic, sand; fine.
1.0 S
T i Eel
—+ - (9
9]
4 L €
3
151 L= 3
~ C
w
T T ks]
A1 | =2
5]
<+ F ©
2
— - ©
C
20 S 3
o G}
251 L w
Y| SAND, with minor gravel; greyish. Loose, moist, sand,
T T fine to coarse; gravel, fine, subround.
3.0 g
7| Gravelly SAND; yellowish grey. Medium dense, moist,
T T sand, medium to coarse; gravel, fine, subround to
T r subangular.
TT Unable to auger further due to inferred cobble
TT obstruction.
35 [ w
@
1 | 7| eoH:3.30m
4.0 o
i
451 [ @
i
Remarks:

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions

across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1




TEST PIT RESULTS
Client: Gibbons Developments Ltd Job No.: 2555087
Site Address:  Morven Ferry Road Test Pit No. TP-3
Town/City: Queenstown Scala Penetrometer:
Operator: MH Date:h 05/05/25
Weather: Fine
Logged By: MH Checked By: OB Datumn:
Logged Date:  05/05/25 Checked Date: 07/05/25 N
eg /05/ /05/ Termination:
= c = Undrained .
O 9 o (<] 2 . o— Blows per 100 mm of Penetration
= BE|E Sample Description 5 S|al|fs Shear
SEI&=|3 [ ) = & |Strength Su
v O o ©
O & (kPa)
Sandy silty TOPSOIL; dark brown. Moist; with
TT rootlets.
T T SILT, with trace clay; brownish grey. Medium dense,
- F moist, non-plastic.
051 [ w
<
1.0 S
T i hel
—+ - (9]
9]
151 Lw 1S
~ >
4 L 3
C
w
T T °
1 L =
5]
4 ®
2.0 o 2
o C
' 3
SAND; light grey. Medium dense, moist, sand, fine to 5
TT medium.
251 L w
o
3.0 <
?| Gravelly SAND with trace cobbles; yellowish grey.
T T Medium dense, moist, sand, medium to coarse;
T r gravel, fine, subround to subangula; cobbles,
4 subrounded.
35 [ w
| End of borehole due to borehole collapsing.
1 | | eoH:3.50m
4.0 o
i
451 [ @
¥
Remarks:

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions
across the site, they do not identify variations in the ground away from the test locations.
Elevation datum sourced from council GIS LiDAR contours.

Generated with CORE-GS

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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HAND AUGER RESULTS

Client: Gibbons Developments Ltd Job No.: 2555087
Site Address:  Morven Ferry Road Hand Auger No. HA-4
Town/City: Queenstown Scala Penetrometer:
Operator: MH Date:h 05/05/25
Weather: Fine
Logged By MH Checked By: OB Datumn:
Logged Date:  05/05/25 Checked Date: 07/05/25 -
eg /05/ /05/ Termination:
= c = Undrained .
O 9f < o 2 n S0 Blows per 100 mm of Penetration
= BE|E Sample Description 5 S|al|fs Shear
SEIZ=|3 s | 3 S ©|StrengthSu| | L iweccum<nenas
o £ o (kPa) . .
Sandy silty TOPSOIL; dark brown. Moist; with :
rootlets.
TT Gravelly SAND, with minor silt, with trace cobbles;
light yellowish brown. Medium dense, dry to moist,
T r non-plastic, sand, fine to medium; gravel, fine to
coarse, subround.
051 =
<
-+ - nel
(0]
g
5
TT 3
1.0 o °
-~ =2
8
11 2
©
C
5
+ (G]
150 @
20 2 EOH: 2.00m
Remarks:

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions

across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1
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HAND AUGER RESULTS

Client: Gibbons Developments Ltd Job No.: 2555087
Site Address:  Morven Ferry Road Hand Auger No. HA-5
Town/City: Queenstown Scala Penetrometer:
Operator: MH Date:h 05/05/25
: Fine
Logged By MH Checked By: o8B \é\gii;er
L D 05/05/25 hecked Date: 07/05/25
ogged Date /05/ Checked Date /05/ Termination:
= c = Undrained .
i) Sls_ |8 2 9 5w Shear Blows per 100 mm of Penetration
© 8 = LI Q. D‘- 2 9
§§ 8§ E Sample Description g g §,L°Strength5u e emaaa
o £ o (kPa) . .
Sandy silty TOPSOIL; dark brown. Moist; with :
rootlets.
TT Silty SAND, with some gravel; brown. Gravel, fine to
medium, subround to subangular.
051 |«
2
nel
IS
T r 2
3
1.0 o E
' IS
=z
S
hel
o
TT7 5
(U]
154 [
20 s EOH: 2.00m
Remarks:

Scala Penetrometer and Test Bore log tests give an indication of the ground condition at the location of the tests only. While they are representative of typical conditions

across the site, they do not identify variations in the ground away from the test locations.

Elevation datum sourced from council GIS LiDAR contours.

337 Saint Asaph Street, CHRISTCHURCH 8011

Sheet: 1 of 1





















































































































































































Bore Construction Report

OFACE USEONLY
Date received: Accession number: Signed:
Bore number: sou 2852 hole no140 Entered IRIS date: Invoice date:
GENERAL DETAILS

Client/Consent holder's name: Cameron

Consent number: RM25.435.01

Location/Address: 122 Morven Ferry Road Queenstown

Grid reference - Easting: 1271608m E

Northing: 5008548m N Mobile phone: 02108851148

Sketch plan attached: Yes Photos attached: Yes Home phone:
DRILLINGDETAILS
Drilling company: SouthDrill Ltd Driller: Rowland Harrex
Machine/Rig: Western Star Drilling Rig [QCL493] Fleet no. 2030
Drill method(s): Air Rotary
BORE CONSTRUCTION DETAILS

Start date: 12/11/2025

Finish date: 24/11/2025

Bore diameter: 200mm

Casing material: Steel

Screen material: s/s

Screen diameter (inside): 156mm

Screen diameter (outside): 162mm

Screen slots: 2.5mm

Overdrilled: Yes

PUMPINGWATER DETAILS

Drybore: No

If dry, was casing retrieved? Bore filled in:

Development period: 39 hours

Development method: Airlifted

Yield/test pumping: Pumped

Test pump period: 27 hours

Test pump rate: 6.5 litres/second

Method of measuring reate: meter

Comments: 3 stage pump test and 24 hr constant rate

Pumped water level: 25.53 metres

WATER QUALITY ETC

Bacterial water test: Yes

Chemical water test: Yes

Casing top sealed: Yes

Impenvious seal at ground: Yes

Comments:
water test taken by hydrologist

BORE LOG (METRES BELOW REFERENCE POINT)

0m-0.4m top soils

0.4m-8.4m brown silty gravels

8.4m-11.9m blue silts large cobbels

11.9m-22m blue silts odd gravels

22m-34.4m blue silts

34.4m-38.8m silty gravels large water flow

38.8m—41.83m tight silty gravels possible schist

41.83m tryed to get water flow 41.83-38.83 with 3m screen not much flow pulled screen and caseing back

Do you intend to drill more bores under this Land Use Consent number? No

If yes, number of bores drilled:

Number of bore logs provided:

PTO for bore diagram
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WELL TEST ANALYSIS
Data Set: V:\...\BH4 - leaky.aqt
Date: 12/16/25 Time: 17:39:26

Company: WGA

Project: WGA252389

PROJECT INFORMATION

Saturated Thickness: 4.4 m

Aquitard Thickness (b'): 26. m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.
Aquitard Thickness (b"): 1. m

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

BH4 0 0 o BH4 0 0
SOLUTION

Aquifer Model: Leaky Solution Method: Moench (Case 1)

T =47.83 m?/day S =0632E-8

r/B' = 0.0001054 R' =0.0006079

r/B" — g B" = g

Sw =0. rw)=0.1m

r(c) =0.1m
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Time (min)

Data Set: V:\...\BH4 - leaky.aqt
Date: 12/16/25

WELL TEST ANALYSIS

Time: 17:37:53

Company: WGA
Project: WGA252389

PROJECT INFORMATION

Saturated Thickness: 4.4 m
Aquitard Thickness (b'): 26. m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.
Aquitard Thickness (b"): 1. m

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

BH4 0 0 o BH4 0 0
SOLUTION

Aquifer Model: Leaky Solution Method: Moench (Case 1)

T =47.83 m?/day S =0632E-8

r/B' = 0.0001054 R' =0.0006079

r/B" — g B" = g

Sw =0. rw)=0.1m

r(c) =0.1m




Bore Construction Report

OFACE USEONLY

Date received: Accession number: Signed:
Bore number: 2852 bore no5 Entered IRIS date: Invoice date:

GENERAL DETAILS
Client/Consent holder's name: Cameron Consent number: RM25.435.05
Location/Address: 122 MORVEN FERRY ROAD
Grid reference - Easting: 1271404m E Northing: 5008426m N Mobile phone: 02108851148
Sketch plan attached: Yes Photos attached: Yes Home phone:

DRILLINGDETAILS
Drilling company: SouthDrill Ltd Driller: Rowland Harrex
Machine/Rig: Western Star Drilling Rig [QCL493] Fleet no. 2030
Drill method(s): Air Rotary

BORE CONSTRUCTION DETAILS

Start date: 21/11/2025

Finish date: 05/12/2025

Bore diameter: 200mm

Casing material: Steel

Screen material: NA

Screen diameter (inside): 0mm

Screen diameter (outside): 0mm

Screen slots: 0mm Overdrilled: Yes
PUMPINGWATER DETAILS
Drybore: No If dry, was casing retrieved? Bore filled in:

Development period: 29 hours

Development method: Airlifted

Yield/test pumping: Pumped

Test pump period: 28 hours

Test pump rate: 11.7 litres/second

Method of measuring reate: METER

Comments: DID 2 STAGE PUMP TEST AND 26HRS CONSTANT RATE

Pumped water level: 32.5 metres

WATER QUALITY ETC

Bacterial water test: Yes

Chemical water test: Yes

Casing top sealed: Yes

Impenvious seal at ground: Yes

Comments:

TOKE HILL LAB TEST WHEN DEVELOPING AND CONSALTENT DID HIS OWN WILL WE PUMPED 0.63NTU

BORE LOG (METRES BELOW REFERENCE POINT)

Om-3.1m TOP SOILS ODD GRAVEL

3.1m-8.2m SANDY GRAVELS

8.2m-15.2m BLUE SILTS ODD GRAVELS

15.2m-20.2m TIGHT SILTS GRAVELS

20.2m-28.8m BANDS BLUE SILTS AND GRAVELS

28.8m-30.89m SCHIST ROCK

30.89m-42m OPEN HOLE 30.89MSOFT AND HARD BANDS SCHIST BLOWING ABOUT 2 LTS/SEC WATER
42m-60m SOFT AND HARD BANDS SCHIST BLOWING 10-15 LTS/SEC aprox
60m-72m SCHIST HARD SMALL SOFT ZONES BLOWING 10-15LTS/SEC PLUS aprox
72m-73.2m SOFT ZONE POSSABLY MORE WATER FLOW

73.2m-100m SCHIST HARD SMALL SOFT ZONES

100m-102m SOFT FRACTUERD HOLE CAVEING IN

102m 6inch CASEING TO 66M

Do you intend to drill more bores under this Land Use Consent number? No

If yes, number of bores drilled:

Number of bore logs provided:

PTO for bore diagram
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WELL TEST ANALYSIS
Data Set: V:\...\BH5 - Hantush leaky.aqt
Date: 12/15/25 Time: 17:25:27

Company: WGA

Project: WGA252389

PROJECT INFORMATION

Saturated Thickness: 73. m
Aquitard Thickness (b"): 29. m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 301.
Aquitard Thickness (b"): 1. m

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

BH5 0 0 o BH5 0 0
SOLUTION

Aquifer Model: Leaky Solution Method: Hantush

T =5.174 m2/day S =0.001291

r/B' = 0.4531 R' =20.

r/B" = 0. R" =0.




40.

T T TTTI T T TTTI [T TTTTT T T TTTI
32.
E 24
‘E L _
]
2 N i
O] L a
o
T - _
2 16
a L |
8. —
L e |
OT I I I I I | JllHHﬁ
1. 10. 100. 1000. 1.0E+4
Time (min)
WELL TEST ANALYSIS
Data Set: V:\...\BH5 - Hantush leaky.aqt
Date: 12/15/25 Time: 17:24:44

Company: WGA
Project: WGA252389

PROJECT INFORMATION

Saturated Thickness: 73. m
Aquitard Thickness (b"): 29. m

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 301.
Aquitard Thickness (b"): 1. m

WELL DATA
Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

BH5 0 0 o BH5 0 0
SOLUTION

Aquifer Model: Leaky Solution Method: Hantush

T =5.174 m2/day S =0.001291

r/B' = 0.4531 R' =20.

r/B" = 0. R" =0.









