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1. Introduction

1.1 Background

As part of Dunedin’s wider commitment to reducing carbon emissions and reducing waste going to landfill, the
Dunedin City Council (Council) has embarked on the Waste Futures Programme to develop an improved
comprehensive waste management and diverted material system for Otepoti Dunedin. The Waste Futures
Programme includes the roll out of an enhanced kerbside recycling and waste collection service for the city from
July 2024. The new service will include collection of food and green waste.

To support the implementation of the new kerbside collection service, the DCC are planning to make changes to
the use of Green Island landfill site (Figure 1.1) in coming years.
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Figure 1.1 Site location

The proposed changes include:
— planning for the closure of the Green Island landfill, which is coming to the end of its operational life
— developing an improved Resource Recovery Park (RRPP) to process recycling, and food and green waste

— providing new waste transfer facilities to service a new Class 1 landfill currently planned for a site south of
Dunedin, at Smooth Hill.

The resource consents for the new Smooth Hill landfill were granted in May 2023. Depending on DCC decisions
regarding development of Smooth Hill, time needed to undertake baseline monitoring, preparation of management
plans, landfill and supporting infrastructure design and construction, DCC anticipate that the new Class | landfill
facility, won’t be able to accept waste until 2027/2028 at the earliest.
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In the interim, DCC therefore plans to continue to use Green Island landfill for waste disposal. Based on Dunedin’s
current waste disposal rates, it is likely that that the Green Island landfill can keep accepting waste for another six
years (until about 2029). Between now and then, and as it continues to fill up, the landfill will be closed and capped
in stages. When the landfill closes completely, there will be opportunities for environmental enhancements and
public recreational use around the edge of the site. Examples could be planting restoration projects and new
walking and biking tracks beside the Kaikorai Estuary. Long term use and public access to the landfill site post
closure will be determined in consultation with Te Rananga o Otakou, the local community and key stakeholders.

As current Otago Regional Council resource consents needed to operate a landfill at Green Island expire in
October 2023, the DCC are now applying to ORC for replacement resource consents to continue to use the landfill
until it closes completely, and waste disposal can be transferred to a new landfill facility. The replacement
consents relate to ground disturbance, flood defence and discharges to land, water, and air. The site is subject to
an operative designation (D658) in the Proposed Second-Generation Dunedin City District Plan (2GP) for the
purpose of Landfilling and Associated Refuse Processing Operations and Activities.

The development of the new RRPP and waste transfer facilities at Green Island does not form part of the
replacement consent applications. Resource consents for the development and operation of the RRPP were
submitted in March 2024 and are under consideration by ORC..

This groundwater technical assessment has been prepared to support the resource consent application for the
continued operation and closure of Green Island Landfill. This report has been updated in October 2024 to include
new information and to respond to s92 questions from the ORC. This version of the report replaces the original
Groundwater report issued in March 2023.

1.2 Purpose of this report

The purpose of this report is as follows:

— Provide a description of the groundwater environment, existing management of groundwater and leachate
discharges, and environmental monitoring data.

—  Provide a technical assessment of the potential effects on groundwater and connected surface water flows
from the proposed extension of landfill operations and closure management.

— Provide an assessment of the effects of leachate leakage on groundwater quality.

—  Provide recommendations for mitigation measures to minimise the effects on the environment and monitoring
conditions to confirm the effectiveness of the recommended mitigation measures.

Note: the potential effects of site stormwater on downstream surface water flows and quality are discussed in the
Surface Water Technical Report (GHD 2024) and referenced in this report. This Surface Water Report has also
been updated in October 2024 with additional information and in response to s92 questions from the ORC.

This report should be read in conjunction with the following reports:

—  Green Island Landfill Design Report (GHD, 2023)

—  Surface Water Report (GHD, 202), including Appendix B, Annual Monitoring Plan 2022-2023.

—  Green Island Landfill Geotechnical Factual Report (GHD, 2023)

—  Green Island Landfill Liquification and Stability Assessment (GHD, 2023)

— Human Health & Environment Risk Assessment (GHD, 2024)

These reports provide supporting information and context which the surface water assessment relies upon. Where

appropriate, a summary of critical information is summarised in this report with crossed references to the relevant
technical report.

In addition, the assessment undertaken in this report is based on a review of previous investigations, including
those undertaken as part of the 1994 resource consent application. This information has been supplemented with
additional site investigations undertaken by GHD to support the design and consenting process (documented in
the Geotechnical Factual Report (GHD 2023). The information obtained from the desktop review and site
investigations has been used to undertake an assessment of potential impacts to groundwater and connected
surface water, associated with the proposed extension and ultimate closure of Green Island Landfill.
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1.3  Current landfill operation and management

1.3.1  Current Consents

The operation of the Green Island Landfill, including associated waste processing operations and facilities, is
currently subject to 14 existing resource consents granted by Otago Regional Council (ORC). The consents cover
landfill operation activities relating to discharges to land, water, and air, taking and/or diverting water, and
disturbance of a contaminated site. All consents expire on 1 October 2023.

The current consents limit the extent of landfilling through the combination of a maximum 38 ha landfill footprint,
conditions limiting the deposit of waste to 270 m3/day and 100,000 m®/year', and the 2023 term of the consents.
The consent conditions do not impose any specific limit on the overall finished height, shape, or contour of the
landfill. However, the plans included in the 1994 resource consent applications show a finished landfill surface
rising to a maximum height of 25 m above mean sea level (amsl).

The consent conditions also require the consents are exercised in accordance with a Landfill Work Programme
(LWP) prepared by the consent holder, which is to be reviewed annually or at such lesser frequency as the
consent authority may approve. Among other matters, the LWP is required to describe present projections and
intentions for landfill operations, and the sequencing of works.

1.3.2 Landfill Development and Management Plan

A Landfill Development and Management Plan (LDMP) was developed following the issuing of the consents to
serve the purpose of the LWP. The LDMP is to document site-specific procedures, including monitoring and
contingency actions to be implemented to ensure the landfill achieves the conditions set out in the resource
consents. The LDMP is structured into the sections set out below:

1. Introduction — the existing resource consents, designation, and status and review of the LDMP.

2. Site Management — management structure, responsibilities, requirements for staff training, and
community liaison.

3. Landfill Development — including design principles, landfill capacity, and the filling programme and
sequence.

4. Site Operations — including controls and procedures for access control, stormwater management,
leachate management, LFG management, greenwaste mulching and composting, salvage and
management of diverted materials, roading and traffic management, waste acceptance and placement,
waste cover, and control of nuisances.

5. Environmental Monitoring — including monitoring, recording, and reporting for surface water,
groundwater, LFG, leachate, odour, and weather.

6. Emergency Management — including procedures for management of fires, hazardous waste/materials,
leachate and LFG escape, extreme weather/flooding, machinery failure, accidents, and earthquakes.

7. Closure, Reinstatement, and Aftercare — including final capping, continued operation and maintenance
of landfill infrastructure, and ongoing monitoring.

The LDMP was first provided to ORC in 1994 following the issuing of the consents and was subsequently updated
in 2004, and 2007. The most recent LDMP, which reflects the current approach to landfill operation and
management was provided to ORC in February 2023.

1.3.3 Landfill Operations Plan

The landfill is currently operated by Waste Management NZ Ltd. under contract to the Council. Waste
Management NZ Ltd. are required to maintain a Landfill Operations Plan (LOP) which reflects the LDMP and more
specifically addresses day-to-day management landfill operational matters.
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The LDMP (February 2023) and LOP (October 2018) will be updated after the granting of any replacement
resource consents to ensure that they align with the final approved consent documentation, and any resource
consent conditions.
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2. Environmental Setting

2.1 Introduction

A review of the environmental setting was undertaken to inform the technical assessment (Section 3). This review
includes a factual summary of information relevant to the conceptual understanding of the groundwater system
and baseline parameters used in the modelling assessment. Assessment and interpretation of the site data is
included in the following sections.

2.2  Site Description

The Green Island Landfill site is located in the suburb of Green Island, approximately 8.8 km by road southwest of
Central Dunedin. The landfill site comprises a total area of 75.6 Ha. The site is generally bound by State Highway
1 to the north, the Kaikorai Stream and Estuary to the west, the Green Island Wastewater Treatment Plant
(GIWWTP) to the southwest, Brighton Road to the south, and the Clariton Ave residential area and Brighton Road
industrial area to the east.
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Figure 2.1 Site Layout
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The margins of the Kaikorai Stream and Estuary bordering the landfill to the north and west are identified as a
Regionally Significant Wetland in the Regional Plan: Water; and an Area of Significant Biodiversity Value, and a
Wahi Tupuna of cultural significance to mana whenua in the 2GP. Low lying areas around the stream and estuary
are also identified as being within a Hazard 2 Flood overlay at risk of flooding in the 2GP.

2.2.1 History

The historical placement of waste and its distribution across the site is described in detail in Appendix D. The
following provides a summary of the waste filling history that is relevant to the future engineering design and
closure management presented herein.

Waste disposal first occurred at the Green Island site in 1954 with the disposal of industrial waste and the site has
been used for waste disposal since that time. A number of other sites have been used over the decades across
the Dunedin region including the “Maxwell” landfill on the opposite side of the estuary to Green Island landfill. The
Maxwell landfill was formally closed to waste disposal in mid-2017 and the Green Island landfill continued as the
sole municipal solid waste disposal facility in the Dunedin region after that time. The existing operational consents
were granted in 1994.

Landfilling commenced at the south-east corner of the landfill site and has continued north and west over the
decades. The eastern portion of the landfill has a relatively shallow depth of waste at around 3 to 6 m thickness
and is currently used for facilities and waste transfer station operations. This area is proposed to be developed in
the near future to establish the Resource Recovery Park Precinct (RRPP). No further waste disposal will occur in
this area.

The main landfill area is located immediately to the west of the facilities area. Waste placement in this area has
been confined over recent decades within a constructed soil bund that encircles the landfill on the eastern,
northern and western sides adjacent to the estuary. However, prior to berm construction waste had been placed
across the whole extent of the area (see Appendix D). In recent years significant waste disposal has progressed
north to south. In the northern and eastern areas waste has been placed up to the 1994 design contours (see
Design Report (GHD 2023)) and final capping has been completed. The south western half of the landfill has up
to approximately 6 m - 8 m depth of waste placed during the 1990’s, and a further 10 to 15 m of waste can be
placed in this area. This is the primary area where future waste placement will occur through to closure of the
landfill.

The pre-existing landform for the Green Island landfill was tidal estuary associated with the upper reaches of the
Kaikorai Estuary (Figure 2.2). Abbotts Creek flows into Kaikorai Stream to the north of the site with the Kaikorai
Stream flowing to the east then south in the Kaikorai Estuary. The 1942 aerial photograph shows a very similar
Kaikorai Stream alignment to present. Several small channels are evident on the tidal mudflats, these drain
towards the estuary at the southwest corner of the site. The 1942 photo also shows some evidence of land
disturbance (to the south) and drains or trenches that predate the landfill activities.

Waste was originally end dumped directly onto the estuarine muds and up against the south eastern estuary edge
where the pre-existing landform rises gently to the southeast. As discussed above, a soil bund was constructed
around the north, west and south-western sides of the landfill to confine the waste from the adjacent Kaikorai
Stream. The current landfill has an access track on the outside of the bund along with a leachate trench which is
part of the leachate collection system and perimeter groundwater monitoring wells.

The leachate trench was installed on the outside of the soil bund in the mid-1990’s. This perimeter control is not
present along the southern side of the landfill against the rising ground of the hillside (see Drawing 12547621-01-
G102, Appendix A Design Report (GHD 2023). The main wastewater trunk sewer follows the existing southern
extent of existing landfill, flowing to the GIWWTP located 200 m southwest of the landfill site. A surface water drain
follows the alignment of the sewer creating a valley that intercepts runoff from the landfill and directs it to the
leachate collection system.
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Figure 2.2 1942 Aerial photo showing pre existing landform.

2.2.2 Leachate management

The perimeter bund and leachate trench was installed on the outside of the soil bund in 1994 and commissioned in
1995. The leachate trench intersects contaminated groundwater (landfill leachate mixed with groundwater)
seeping from the site. The leachate collection system comprises the gravel interception trench with the HDPE
liner (on outer side) and the slotted PVC drainage pipe, together with a manhole and pump station configuration
(Figure 2.3). Figure 2.4 shows details of the gravity leachate trench drain arrangement between pump stations
and manholes. The manholes are located at the ends of each PVC collector pipe, allowing inspection and
cleaning of the pipes to occur. Impacted groundwater is then conveyed by gravity to nine individual pump stations,
which then pump into a 125 mm dia. rising main, which conveys the leachate and groundwater to the main sewer
and ultimately GIWWTP. The rising main has a discharge into the sewer at each end, one approximately 79 m
south of PS1 and the other approximately 80 m south of PS8. Hence, the riser pumps in both clockwise and/or
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anti-clockwise direction before being discharged to the sewer line. PS9 discharges directly to the sewer main in
the southern valley.
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Figure 2.3 Leachate drain schematic (City Consultants, 1997)

The trench creates a hydraulic barrier for groundwater and leachate migration offsite. The HDPE liner aids in
reducing the volume of water entering the trench from the Kaikorai Stream but does not completely prevent
inflows. The continuous dewatering of the trench is required to maintain this barrier, with the pump stations set to
maintain water levels at low levels to create the hydraulic gradient which directs flow to the trench. The leachate
pumps are automated to start when the pumpwell reaches a “Pump ON” level, and then stop when the level
reaches a “Pump OFF” level. The pumpstations also have alarms for the following conditions (high level alarm,
pump running low level and power loss). Flow rate through the pump is measured continuously, as are the pump
run hours. Consent conditions require regular monitoring of groundwater levels adjacent to the trench to confirm
the hydraulic gradient (discussed in sections 2.5.3).

The trench is installed in the Upper Kaikorai Estuary Member (UKEM) (see section 2.4) comprising fine sands and
silt. However, landfill refuse was recorded as overlying the UKEM in over half of the trench profiles during
construction (Barry Douglas, 2022) with a maximum thickness of landfill recorded of 2.6 m. Borehole data from the
recent drilling investigation (see section 2.4.2) confirmed similar profiles.

The leachate trench is absent along the southern edge of the landfill where waste is placed against the base of the
slope that rises to the east. Management of leachate in this area is currently via a shallow surface drain which
conveys the leachate (and any shallow groundwater seepage) to PS1. It is also noted that there is a 90 m gap in
the trench between MH8 and PS9. This gap aligns with a short ridge of land that extended into the estuary based
on historical maps and photos. Based on the geological map this ridge is inferred to be mudstone.

A culvert located on the eastern side of the landfill between the South Eastern Constructed wetland and the
Eastern Constructed Wetland has recently been identified as a pathway for leachate seepage, which has been
confirmed from water quality monitoring and a culvert inspection (discussed in the Surface Water Report, 2024).
These results and proposed mitigation are discussed further in the Design Report (GHD 2023). As at October
2024 work is underway to repair this culvert and work is expected to be complete by end of March 2025.

Additional perforated leachate drains have been installed over intermediate cover soils in the southern portion of
the landfill and in the northern sector of waste placed in 2019-2022. These drains direct leachate to the perimeter
leachate collection trench. These drains installed within the landfill are described in the Design Report (GHD 2023)
and shown on Drawings 12547621-01-C204 (Design Report — Appendix A).
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Green Island Landfill - Leachate Collection System and Monitoring Wells - Diagramatic Plan View
Inciudes Pump Stations, Manholes, Montoring Wells, Air Valwes
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Figure 2.4 Well and pump station arrangement, leachate collection system
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Figure 2.5 Typical cross section of leachate collection system (MWH, 2004

2.2.3 Leachate volumes

Pump flow rates and pump hours are recorded within each pump station continuously. The volume of leachate
pumped from each pump station to the rising main (weekly total) was reviewed as part of this assessment. Based
on this record, a box and whisker plot of the combined flow rate (to all pump stations) averaged on a weekly basis
is presented in Figure 2.6. Lower flow rates in the 2020-2021 and 2021-2022 reporting years are likely to be
related to below average rainfall during this period (Table 2.1) but may also partly reflect the installation of final
capping to part of the landfill which will reduce rainfall seepage into the waste. It is understood that PS1 has in the
past received large quantities of stormwater flows from the landfill via open drains, with a recent improvement to
the stormwater collection from the landfill (September 2021) resulting in some of these flows now going directly to
PS3. Water held in the Northern Leachate Pond (see Drawing 12547621-01-C402) is also diverted to the leachate
collection system (at PS5). Table 2.2 lists the median flow rates from the individual pump stations for an average
rainfall year (2019-2020) and the past year (2021-2022, below average rainfall).
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Figure 2.6 Combined flows from pump stations to rising main, reporting year July to June.
Table 2.1 Rainfall recorded at Musselburgh EWS

Year (July- June) Rainfall total (mm)’

2016 — 2017 819.8

2017 - 2018 783.6

2018 — 2019 658.6

2019 - 2020 734.4

2020 -2021 556.6

2021- 2022 476

'Average rainfall ~750 mm

Table 2.2 Pump station flows — Median flow rate (reporting year July to June)

PS1 0.76 0.13
PS2 0.04 0.03
PS3 0.04 0.08
PS4 0.15 0.10
PS5 0.31 0.24
PS6 0.25 0.21
PS7 0.20 0.19
PS8 0.16 0.10
PS9 <0.01 <0.01
Combined median flow rate 2.0 1.3

2.3 Hydrology

As discussed above the Kaikorai Stream borders the landfill to the north and west. Summary flow statistics for the
Kaikorai Stream are provided below in Table 2.3 (NIWA, 2023"). Further details on the surface water environment

'NIWA River Maps online view: https://shiny.niwa.co.nz/nzrivermaps/ (accessed 09/02/2023)
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are provided in the Surface Water Technical Assessment (GHD, 2023). From time to time, the estuary/ river
mouth is blocked as a result of sand/debris accumulation from storm events. When this occurs, water backs up in
the stream and results in higher stream levels adjacent to the site. Elevated water levels are maintained until the
mouth is opened up again, either by natural or mechanical methods.

Table 2.3 Kaikorai Stream Flow Statistics (source NIWA)

locston T eanfow | Moan AnnuaiLowFlow |
Upstream of Abbots Creek confluence 227 L/s 49 L/s
Downstream of Abbots Creek confluence 368 L/s 81L/s

24 Geology

241 Overview

The site is situated on estuarine sedimentary deposits associated with the Kaikorai Estuary (Figure 2.7). These
have been characterised as the Kaikorai Estuary Formation (KEF) (BDGC, 2002). KEF was considered to extend
to a depth of approximately 11 m in the landfill area, and immediately overlies the Abbotsford Formation mudstone
(BDGC, 2002)

The KEF was divided into an upper and lower layer (Member), with the upper member being further divided by
BDGC (2020) into two subgroups as shown in Table 2.4. The estuarine sediments are underlain by weak
mudstone rocks belonging to the Abbotsford Formation(Adams Geotechnical, 2019; Geotechnical Report (GHD
2023)).

To the southeast of the site, the landfill and underlying alluvium terminate at the toe of a 30m high ridge that has
been mapped as the upper part of the Abbotsford Formation sequence (Adams Geotechnical, 2019) as shown in
Figure 2.8. The Abbotsford Formation is described as “Grey to dark grey sandstone, siltstone and claystone with
some glauconitic mudstone and green sand layers” (McKellar, 1990). Overlying the mudstone is a layer of loess
and colluvium (clay -silt soils). The thickness of the colluvium/loess layer is variable, near the base of the ridge
(southern valley) the Test pit investigations by Adams Geotechnical indicated that the colluvial layer was generally
1-2 meters thick. Groundwater was not intercepted in any of the test pits (Adams Geotechnical, 2019).

Table 2.4 Description of KEF lithological units (after BDGC, 2002)
Upper Kaikorai Variable thin beds of sand, Subgroup A -mostly homogeneous | 4.5m
Estuary Member silty sand, sandy silt, silt, fine grained
(UKEM) clayey silt and silty clay

Subgroup B — heterogeneous,
coarser grain size

Lower Kaikorai Massive homogeneous beds - 6.5m
Estuary Member of clayey silt, silty clay and silt,
(LKEM) and minor (possibly localised)

beds of clay, very fine sandy
silt and silty very fine sand.

Dunedin City Council | 12547621 | Waste Futures — Green Island Landfill Closure 12
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Figure 2.8 Interpreted geological cross section from Adams Geotechnical (2019)

2.4.2 GHD site investigation (2022)

Site investigations were undertaken by GHD to inform the geotechnical and hydrogeological assessments. The
results of the site investigation are documented in the Geotechnical Factual Report (GHD 2023). A brief summary
of the geology encountered is included here. The GHD investigation comprised twelve bore holes across the site,
with piezometers installed in six of the bore holes. The general geological profile for boreholes on site perimeter is
summarised in Table 2.5 below. There was no clear geological distinction between the two subgroups of the
Upper Kaikorai Estuary Member (UKEM), therefore we have not adopted this division. In several of the bore holes
there was a coarse grained layer (sand and/or gravel) at the contact of the Lower Kaikorai Estuary Member
(LKEM) and mudstone. Depending on the location, variable amounts of fill were encountered. At BH104, drilled in
the south-eastern part of the site, fill sits directly on mudstone.

Bore locations are included in Appendix B-1.
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Table 2.5 Summary geological profile — perimeter (near leachate trench) boreholes (Geotechnical Factual Report, GHD 2023)

Fill Variable waste and soil variable
UKEM Silty fine to medium sand, sandy silt 1-3m
LKEM Organic silt, silty clay 6-85

Coarse sediments Sands/gravel 0.5-15
Abbotsford Formation Grey-brown mudstone, very weak -

2.5 Hydrogeology

251 Overview

Prior to the landfill, groundwater within the estuarine deposits (KEF) is likely to have been hydraulically connected
to the Kaikorai Stream and other surface water features. As discussed in Section 2.2.1, pumping from the
perimeter leachate trench creates a hydraulic barrier between surface water and the shallow aquifer underlying the
landfill. The underlying Abbotsford Formation is inferred to be an aquitard due to the very low permeability of the
mudstone/siltstone and is effectively an impermeable barrier for downward seepage. Adams Geotechnical (2019)
reported permeabilities for the Abbortsford Formation siltstone associated with the capping material borrow pit
located to the east of the landfill, between 3.8-7.9 x 1071 m/s.

2.5.2 Hydraulic Conductivity

Groundwater investigations undertaken as part of the 1992 EIA (Beca, 1992), included permeability testing in three
boreholes at various depths. The results indicated an average hydraulic conductivity for the estuarine sediments of
4 x 10 m/s above 4 m depth and 6 x 107 m/s for greater than 4 m depth.

Hydraulic conductivity estimates of the differing geological units at the site, determined from hydraulic testing
during the GHD site investigation (Appendix A) are presented in Table 2.6. The testing resulted in a range of
hydraulic conductivity values; this reflects the heterogeneity created by the depositional environment. There are
likely to be discrete channels of higher permeability materials (where active stream channels were located), with
both horizontal (due to the direction of deposition) and vertical anisotropy? (due to the layering of sediments) likely.

While investigations beneath the landfill waste are necessarily limited it is expected that the permeability of the
estuarine sediments is likely to be reduced beneath the landfill footprint due to the compression of the sediments
from the weight of the landfill.

Table 2.6 Hydraulic conductivity summary

Geology Monitoring wells* Hydraulic Conductivity Adopted Hydraulic
Range (m/s) Conductivity (m/s)

Upper Kaikorai Estuary MW1C, MW5C, MW6C 8.4x107t0 2.8 x 10 1x10%

Member (UKEM)

Lower Kaikorai Estuary BH100, BH101, BH103, 6.2x10"°t0 3.3 x 10° 1x107

Member (LKEM) BH108, MW2D,

Abbotsford Formation BH104 <1x10° 1x10°

2 Where the hydraulic conductivity of sediments is different in two directions. le. in the horizontal direction compared to the vertical direction, in
layered sedimentary units the vertical to horizontal hydraulic conductivity ratio is commonly 0.1.
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2.5.3 Groundwater monitoring

2.5.3.1 Monitoring network

Monitoring of water levels and water quality is undertaken on a routine basis in accordance with the conditions of
the current consents. The monitoring programme includes sampling of surface water, groundwater and leachate.
A review of the surface water quality data is presented in the Surface Water Technical Assessment (GHD, 2023),
and surface water quality will only be discussed here where relevant to the groundwater assessment. The
groundwater monitoring network comprises:

— Eight lines of groundwater monitoring wells transecting the leachate collection trench, as shown in Error!
Reference source not found..

— Each Well Line is located at mid-distance between two pump stations and each line comprises three shallow
wells, MWA through to MWC, with the exception of Line 7, where MWC is absent (noting that the majority of
these are founded in the UKEM geological unit).

— At each Well Line, monitoring wells MWA and MWB are located on the landfill side of the leachate trench,
approximately 20 m and 5 m from the trench respectively.

—  Monitoring well MWC is located between the trench and the Kaikorai Stream / eastern sedimentation pond /
eastern boundary.

— Along each Well Line, an inspection manhole is located at the point the Well Line intersects the leachate
trench, between monitoring wells MWB and MWC.

—  On three of the Well Lines (Well Line 2, 4 and 7), deep wells are also present and monitored, located between
the leachate collection trench and the stream. They are described as MWD (and founded in the LKEM
geological unit).

— An additional bore, MWOC located at the end of the leachate trench collection system at Well Line 0, to the
south of PS1 is also monitored.

— A further monitoring well, MW9D, had been located towards the centre of the landfill, but was lost due to
landfilling activities in 2015.

Bore locations are included in Appendix B. A schematic of the monitoring Wells Lines is shown in Figure 2.9.

West East

Monitoring
. . Monitoring  Well A
Kaikorai Well B

Stream Manhole

48 | °

Monitoring
Well C
Monitoring
Well D

Leachate
collection
trench

Figure 2.9 Schematic of monitoring well transect

2.5.3.2 Groundwater levels

The leachate collection system was designed to create a hydraulic barrier by reducing groundwater levels in the
trench and drawing groundwater from both sides of the trench (i.e. landfill and stream side, although the stream
side inflows were designed to be retarded by the installation of a HDPE liner on the stream side of the trench).
Groundwater levels are checked on a monthly basis to monitor the hydraulic gradient. The water level monitoring
consistently shows that the lowest groundwater levels (in monitoring wells) occur adjacent to the trench (MWC
wells). These results are shown in the Green Island annual monitoring report (GHD, 2022 and attached to the
Surface Water Report (GHD 2023)) with a selection representing winter, spring, summer, and autumn, included in
Appendix B. These groundwater levels have been monitored monthly and reported annually to the ORC since the
commencement of these consents in 1994.
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Long term groundwater level records were reviewed as part of this assessment. Groundwater level data is
available for the period from 1995 to 2003 and from 2015 to present. In general:

—  Groundwater levels fluctuate within a range for each well, with no long-term trend in groundwater levels
evident (with the exception of MW4D discussed below, Figure 2.11); and

—  Seasonal variation is evident in the record for some wells (e.g. MW3C and MW6C, Figure 2.12).
Groundwater levels are generally lowest in drier periods (summer-autumn), with groundwater highs occurring
winter/spring and large rainfall events (e.g. January 2021).

Groundwater levels in MW4D showed an increasing trend from 1997 to 2003 (Figure 2.11). Due to the increasing
groundwater head, the monitoring well casing was extended higher above ground to ensure no leakage of
groundwater from the top of the casing (artesian conditions). The increasing artesian conditions are likely to be a
function of the weight of the landfill squeezing and compressing the underlying estuarine sediments. Observed
changes in groundwater level (shown in Figure 2.11) appear to correlate well with wate placement in this sector of
the landfill. There is some uncertainty about the datum used for 2015-2016 measurements®, however the data
shows that groundwater levels appear to have stabilised around 1.7- 2.2 m RL (NZVD*) in recent years. MW4D
was drilled to a depth of 10.5 m depth. There is no bore log available for the well, but the geology encountered in
a nearby borehole, BH100 (Geotechnical Factual Report GHD,2023), suggests that MW4D is screened over a
sand and gravel layer present between the base of the LKEM and mudstone.

3 Note throughout this report two datums are used. On older figures/drawings a DCC Design Datum of AMSL +100m is used (hence a 1994
flood level of 103.3m). More recent data and the design drawings for this study use NZVD2016 as the datum and are referred to through this
report as “amsl”

4 Elevation of MW4D converted to NZVD based on correction factor of -(0.388 m + 100 m), from height of mark AG1B AG1B: W 6

(linz.govt.nz)
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Figure 2.11 Groundwater levels measured in MW4D
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Figure 2.12 Groundwater levels measured in MW3C and MW6C — 2015 to 2022

2.5.3.3 Groundwater quality

Groundwater quality is monitored on a quarterly basis in accordance with the consenting conditions, and results
are reported in annual monitoring report, the most recent being the 2022-2023 report (GHD, 2023). The annual
report provides a full summary of water quality trends and comparison against relevant standards/guidelines. A
brief overview of the data is provided below with selected monitoring plots included in Appendix C.

In general, the monitoring wells inside the leachate trench (A and B series) are likely to be impacted by leachate.
However, some of the wells on the outside of the trench also show the influence of landfill waste. A review of the
site history and waste distribution was undertaken (included as Appendix D) which identified areas where waste
has been placed outside of the leachate trench. The likely extent of waste on the outside of the trench is shown
on Figure 2.13. Based on this review, the following “C” wells are likely to be within or influenced by historical
waste materials; 8C, 7C, 6C, 4C, and 3C. Of the “D” wells, 7D is only 7 m deep and may be within waste.
Monitoring well 4D, at 10.5 deep, is likely to be screened below the waste materials.

The impact of waste outside of the trench is managed through operation of the leachate collection system, which
pulls groundwater (and any leachate) from both sides of the trench. This is discussed further in Section 4.
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Water quality trends

A review of water quality data was undertaken to inform the conceptual understanding of the groundwater system
and interactions with leachate/water. The water quality trends and patterns for relevant parameters are
summarised below in Table 2.7. Water quality plots are provided in Appendix C.

Table 2.7 Water quality trends in groundwater

Electrical Conductivity Elevated in all monitoring wells relative to typical background groundwater
Deep wells — highest in 2D and 4D (also higher chloride in these wells)
Shallow wells — no clear pattern between A/B/C wells
Dissolved oxygen Dissolved oxygen in groundwater is low with many samples <20% oxygen saturation, in

contrast most surface samples are > 50% . The Eastern Constructed Wetland and
South Eastern Constructed Wetland exhibit a wide variation in dissolved oxygen content.

Ammoniacal nitrogen Generally elevated in groundwater relative to surface water with the exception of Eastern
Constructed Wetland;

Deep wells — highest in 2D (range of 14-23 mg/L) and 4D (0.8-10.5 mg/L), compared to
7D (<1.3 mg/L)
C wells — elevated in 5C (14-21 mg/L), 2C (9-13 mg/L) and 4C (5.3-9.8 mg/L), the rest of
the C monitoring wells recorded concentrations <5 mg/L
Chromium Most groundwater concentrations < 0.002 mg/L, the exception is MW5C with chromium
between 0.0052 — 0.012 mg/L (historical range)
Groundwater chromium concentration is generally lower than site surface water (such as
W and E Sediment Ponds) but elevated compared to Kaikorai Stream
Boron Boron concentration highest in 1C (~4 mg/L), 5C (~3 mg/L) and 4C (~2 mg/L).
Deep well concentrations is highest in 7D (~1.4 mg/L), 4D and 2D <0.8 mg/I
Boron elevated in Eastern Constructed wetland (up to 9 mg/L), estuary concentration up
to 1.8 mg/L, rest <1 mg/L (note boron analysis not undertaken in GI1, GI2, GI3, GI5)
Arsenic Highest groundwater concentrations measured in 2D. Most results < 0.005 mg/L with
the exception of 6C and 7D
Groundwater and site surface water concentrations in similar range

Iron Elevated in groundwater, in particular 1C, 4C, 2C, 6C, 5C, and deep monitoring wells.
Highest concentrations recorded in 2D (116 mg/L)

Iron concentration in groundwater an order of magnitude higher than site surface water
and two orders of magnitude higher than Abbots Creek/Kaikorai Stream (GI1-GI5)
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Major ion chemistry

The maijor ion chemistry for selected water samples is shown graphically in a piper (trilinear) plot (Figure 2.14).
The piper plot shows relative proportions of the major anion and cation species within the water samples and is
used to display the differences (or similarities) between different water types. The plot shows the following water
types:

Sodium bicarbonate type — leachate

Sodium chloride — groundwater and estuary

Mixed water types — pump station and ponds

Magnesium bicarbonate — groundwater (MW3C and MW8C)

The piper plot shows that the samples from PS3 are an intermediate water type between leachate and
groundwater. This is unsurprising given that the leachate trench intercepts both groundwater and landfill leachate.

The Eastern and Western Sediment Pond samples also show an intermediate chemistry. These ponds are
influenced by stormwater runoff from the landfill.

Groundwater from monitoring wells potentially influenced by waste (see above review of waste distribution) show a
more varied water chemistry compared to the three wells unlikely to be influenced by landfill waste (MW2C, 2D,
4D, BH103). Major ion chemistry is not available for Kaikorai Stream (SW sample sites Gl1-5), however a sample
from the estuary at low tide is most similar to monitoring well MWA4C. The estuary sample is likely to be influenced
by activities in the wider catchment.

Isotopic Analysis

Isotopic analysis of samples from pump stations (leachate/groundwater mix), selected surface water and
groundwater wells is undertaken in accordance with the consent, and the results and interpretive isotopes are
included in the annual monitoring report. The relative proportions of stable isotopes can change through chemical
processes, such as evaporation, diffusion, or chemical reactions, and can be used to understand mixing of
different water types. The following isotopes are analysed:

—  Oxygen-18 in water from leachate (8180-H20), relative to Vienna standard mean ocean water.

— Hydrogen-2 in water from leachate (6D- H20), relative to Vienna standard mean ocean water.

—  Carbon-13 in dissolved inorganic carbon from leachate (613C- DIC), relative to Vienna Pee Dee Belemite.

— Nitrogen-15 in ammonium from leachate (815N-NH4+), relative to atmospheric nitrogen (from October 2019).

The data below are presented relative to the local Meteoric Water Line®. A number of biogeochemical and physical
processes can result in waters plotting above or below the MWL.

The isotopic analysis indicates the following:

—  13C concentrations have been relatively stable with no one sampling location deviating greatly. A slight net
increase in '*C concentrations can be observed in the surface water and monitoring well MW4D data sets.
The enriched '*C data for leachate is a by-product of methane producing bacteria which use the lighter '?C to
form CH4 (Hackley & Liu, 1996).

—  The record for 'SN-NH4* isotope analysis is relatively short (data available from October 2019). There is some
variability in the date but no clear pattern or trends in the available data set.

The isotopic signature for hydrogen and oxygen shows

—  Groundwater from MW2D and 4D plot close together and generally within £5% of the Dunedin Meteoric Water
line.

—  The majority of the surface water data plots with in MWL 1£5% lines.
—  The majority of the leachate data points sit as a cluster above the Dunedin MWL -5% line.

— Isotopic signature of pump station samples (leachate/groundwater) suggest a mature stage of leachate
methanogenesis (interaction with older waste).

5 The Global Meteoric Water Line (MWL) describes the global annual average relationship between hydrogen and oxygen isotope (2H and
180) ratios in natural meteoric waters (water derived from precipitation). The Dunedin MWL has been adapted for local conditions by North
and Frew (20086).
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The isotope data indicates that leachate is not influencing deep groundwater or surface water. The
oxygen/hydrogen isotopic signature of the leachate is relatively distinct, plotting well above the Dunedin MWL
compared to other samples.
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Figure 2.14 Relative proportion of major ions in GILF water samples
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PFAS

Additional water sampling was undertaken for the presence of Persistent Organic Pollutants (POP), specifically
PFOS and PFOA (i.e. perfluoroalkyl and polyfluoroalkyl substances®). The sampling was undertaken as landfills
and industrial activities are a known sources of these contaminants. Water samples were collected from the
perimeter groundwater monitoring wells, surface water monitoring sites, sedimentation ponds, and the leachate
collection system. The results from the groundwater samples are provided in Table 2.8 below and the location of
the sampling sites are shown in Error! Reference source not found., with the full set of results provided in
Appendix C of the Surface Water Report (2024).

Table 2.8 PFAS and PFOA Concentrations in GW monitoring wells

January 2023

Total PFOS PFOA (ug/L) | Total PFOS | PFOA (ug/L) | Total PFOS PFOA (ug/L)
(nglL) (nglL) (nglL)

MWoC <0.001 <0.001 0.0012 <0.0005 0.004 0.0008
MwW1C <0.001 <0.001 0.0009 <0.0005 <0.0004 <0.0005
Mw2C <0.001 <0.001 <0.0004 <0.0005 0.0078 <0.0005
MW2D <0.001 <0.001 <0.0004 <0.0005 0.0026 <0.0005
MW3C 0.0073 0.011 0.0082 0.0192 0.0092 0.0127
MwW4C <0.001 <0.001 <0.0004 <0.0005 <0.0004 <0.0005
MW4D <0.001 <0.001 0.0012 0.0008 0.0009 <0.0005
MW5C <0.001 0.0088 <0.0004 0.0121 0.002 0.011
MW6C <0.001 <0.001 <0.0004 <0.0005 0.0024 0.0033
MW7D <0.001 <0.001 <0.0004 <0.0005 <0.0004 <0.0005
MW8C 0.0019 <0.001 0.0024 0.008 0.002 <0.0005
PS3 (leachate) | 0.057 0.11 0.0886 0.248 0.1 0.162
Gl1 (SW) 0.001 0.0011 - - 0.0008 <0.0005
GI3 (SW) 0.0012 0.0012 - - 0.0009 <0.0005
GI5 (estuary) <0.001 <0.001 0.0047 0.0006 0.0009 0.0007

The concentrations of Total PFOS in the perimeter groundwater wells are at low concentrations and are below the
95% species protection limits of 0.13 ug/L, defined in the PFAS National Environmental Management Plan Version
2.0 — known as NEPM V2.0).

There was no clear pattern in the concentration and occurrence of PFAS in groundwater and the distribution of
waste (particularly in areas where historic waste is present outside of the trench). The two monitoring wells
(MW4C and MW7D) where PFAS has not been detected, are located in areas identified as being potentially
influenced by historic waste. Conversely, monitoring wells MW1C and MW2C, which are inferred to be located
outside of historic waste, contained PFAS compounds at low concentrations. The low level PFAS contamination in
areas outside of historic deposition activities or in deep wells (MW4D) may relate to historic activities within the
landfill and catchment prior to the installation of the leachate trench. PFAS concentration in surface water (Kaikorai
Stream GI1, GI3 and GI5) are in a similar range to or greater than most groundwater samples with a significant
amount of the PFAS present originating from upstream of the landfill. This is discussed further in the Surace
Water report.

The concentration of Total PFOS and PFOA obtained from leachate at Pump Station 3 (PS3), which is
representative of leachate mixed with groundwater, was consistent for all sampling events, with concentrations
recorded at least an order of magnitude above the groundwater samples. If leachate was migrating beyond the

6 Synthetic chemicals found in many manufactured products
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leachate trench it would be reasonable to expect that the concentrations of these chemicals in the groundwater
perimeter wells would be similar to the mixed leachate PS3 sample.

Summary of water quality data

The water chemistry data shows the influence of landfill waste on groundwater quality. In areas where historical
waste is known to be present outside of the leachate trench, the groundwater quality shows a mixed major ion
signature with elevated contaminants.

The major ion chemistry clearly shows mixing of groundwater and landfill leachate in water pumped from the
leachate trench.

The depositional environment, and relatively recent (in geological terms) change from estuarine to a freshwater
setting influences the groundwater chemistry. In estuarine and shallow marine sediments elevated chloride,
alkalinity and boron is likely due to the influence of sea water. Ammoniacal nitrogen (Ammoniacal-N) and iron are
elevated in many of the groundwater samples, including monitoring wells unlikely to be influenced by waste. The
elevated ammoniacal-N and iron in background groundwater may reflect the influence of the organic material in
the estuarine sediments (KEF) and reducing conditions in the aquifer. Electrical conductivity is elevated in all
samples, reflecting the influence of leachate and/or brackish water in the Kaikorai estuary.

2.5.4 Leachate levels

Leachate levels were measured in the landfill by dipping existing gas wells and groundwater monitoring wells
within the landfill footprint. The leachate survey was completed in August 2022 by a site contractor. These data
are included in Appendix D and shown in Figure 2.17. There is some variability in leachate measurements, this is
likely due to the heterogeneity of the fill. As of August 2022, the leachate level in the centre of the landfill is on
average 16 or 17 amsl over completed areas of landfill and cap, with two wells over 20 m amsil.

2.6  Other groundwater users

Bore records and bore and water take consents listed on ORC webmaps’ were reviewed for a 2 km radius
surrounding the site. Two water takes were identified, one upgradient of the site at Blackhead quarry and the
other for Maxwells Landfill (previously operated by Waste Management) (Figure 2.18).

Two bore consents were identified, one of the bore consents (RM14.355.01) is described as “proposed”. The
other (RM22.311.01) is described as “decommissioned”. Details on the RM22.311.01 consent indicates that bore
(ORC well number CE17/0153) was drilled in March 2023. The bore was drilled to a depth of 32 m (Table 2.9) and
appears to have been dry.

Forty-nine bore records were identified in the area of interest, as summarised in Table 2.10. The site is not located
within a mapped aquifer or groundwater protection zone®.

Table 2.9 Summary log of CE17/0153° located to the south of GILF
I
0-8 Clay boulders, grey, dry
8-12.5 Clay boulders, brown, damp
12.5-23 Rock, grey, damp
23-30 Volcanic clay, brown, dry
30-32 Rock, grey, dry

7 https://maps.orc.govt.nz/OtagoMaps/
8 https://www.orc.govt.nz/plans-policies-reports/regional-plans-and-policies/water
% View Well | Well summary (teurukahika.nz)
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Table 2.10 ORC Bore records within 2 km radius of the site

Monitoring / Investigation 13

Dewatering 1 Green Island WWTP

Domestic / stockwater 2 Proposed — RM14.355.01, one decommissioned
(RM22.311.01)

Other 33 Green Island Landfill investigation bores /monitoring wells
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3. Technical assessment

The following section documents the conceptual understanding of the groundwater system, interaction of
groundwater with the landfill leachate and the leachate collection system, and interaction with surface water. This
conceptual understanding, site data and investigation results, have been used to assess the effect of the proposed
activities. The technical assessment includes:

— An assessment of rainfall infiltration through the current and proposed cap (HELP modelling)

— An assessment of leachate head within the fill (2D SEEP/W groundwater modelling)

An assessment of the effectiveness of the leachate trench in intercepting leachate (SEEP/W)

Groundwater — surface water interaction

Detailed summaries of the modelling assessments are provided in and Appendix F (HELP modelling) Appendix G
(Seep/W).

3.1 Conceptual model

The conceptual understanding of the groundwater system is summarised below and shown in Figure 3.1. and
Figure 3.2. The model is based on published information, routine monitoring, and previous site investigations, in
summary:

— Infiltration of rainfall into the landfill, generation of leachate as water comes into contact with waste;

—  Migration of leachate down and outwards towards the edge of the landfill;

—  Abstraction of groundwater and leachate from leachate trench, water chemistry confirms mixing of water
types;

—  Groundwater quality influenced by historical waste deposition; this includes areas outside of the trench (e.g

MW4C). However, continuous pumping from the leachate trench maintains the hydraulic gradient and pulls
the impacted groundwater towards the trench (and away from surface water);

—  Stream depletion effects limited by presence of HDPE liner on stream side of trench. However, some
abstraction of shallow groundwater from the outer edge of the site (and stream water) is likely to occur;

— Reduced permeability of the estuarine sediments below the landfill footprint due to compression of soft
sediments.

— Upward hydraulic gradient in LKEM restricting migration of leachate into deeper layers under the trench
collection system; and

— Underlying mudstone forms an aquitard limiting deeper flow paths and restricting flow to the south (southern
valley) where it occurs at/near the surface.

A groundwater contour map (Figure 3.3) has been created to show the relative groundwater level across the site.
Within the landfill, this shows the leachate head in the fill material. The leachate interception trench reduces the
groundwater-leachate level either side of the trench as shown by the inset. The data used to create this map are
included in Appendix B.
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3.2 Review of flow paths

As discussed in Section 2.2.1 the landfill was formed on fine grained estuarine sediments and organic matter of
the Kaikorai estuary. The 1942 aerial photograph shows a defined channel for Abbots Creek / Kaikorai Stream
around the edge of the current site footprint. The photograph shows small channels across the estuarine
sediments flowing from the centre to the southwest corner of the site. While there is no recent evidence of
alternative Kaikorai Stream flow path, it is likely that the main stream channel moved around, with the general flow
direction from the northeast towards the south west. Therefore, monitoring wells in the southwest corner of the
site could be considered to be downgradient of the historical drainage, and any preferential flow paths (if present).

Monitoring wells in the southwest corner of the site include MW1C (4.6 m deep) and MWOC (4.9 m deep) both
likely installed in the UKEM. A piezometer (BH103) installed as part of the 2022 geotechnical investigation
provides further coverage along the downgradient side of the site. BH103 is screened in the LKEM, between 8.1-
10.1 m depth. The major ion chemistry (Section 2.5.3.3) of BH103 is consistent with other deep wells (2D and 4D)
with very high chloride, elevated ammoniacal-N and iron, related to the estuarine organic sediments in a low DO
environment. MWOC and MW1C shows some variability compared to the deep groundwater samples, with a
greater proportion of sulphate, but do not show a leachate signature.

3.3 Groundwater sensitivity and monitoring

Our review of water take consents and bore records (see section 2.6) confirms that groundwater is not used for
supply near the site or downgradient due to the low yielding aquifer conditions (clay and rock). On that basis,
groundwater is not considered to be a sensitive receptor in accordance with the WasteMINZ landfill guidelines. In
addition, the site is bordered to the south by mudstone and siltstone forming a barrier to groundwater flow.

Groundwater monitoring is undertaken along the site boundary. With monitoring wells either side of the leachate
interception trench. The current and proposed groundwater monitoring is generally in accordance with the
WasteMINZ landfill guidelines (2023). The absence of groundwater monitoring wells along the southern valley
(section between MW9 and MWO) reflects the characterisation of the geological environment (noted as comprising
extensive deposits of mudstone of the Abbotsford Formation) and the absence of a known or mapped aquifer.

As discussed in Section 2.4 the hill country to the southeast of the landfill is comprised of mudstone, therefore
groundwater flow towards the south and coast is unlikely. The mudstone and overlying siltstone has been the
source of capping material for the landfill.

As part of the proposed leachate improvement at the landfill, DCC propose to extend the leachate interception
trench into the valley to reduce leachate levels in the landfill and avoid leachate being conveyed via the surface
drainage. This trench will provide additional hydraulic separation from the wider groundwater environment.

3.4 Modelling assessment

The modelling assessment utilised two different methods:

—  HELP (Hydrologic Evaluation of Landfill Performance)
—  SEEP/W 2D groundwater model

Rainfall infiltration through the landfill cap was assessed using the Hydrologic Evaluation of Landfill Performance
(HELP) software (Berger and Schroeder, 2013). HELP 3.95D is a quasi-two-dimensional hydrologic model for
conducting water balance analysis of landfills and cover systems. The model utilises weather, soil and landfill
design data to account for the effects of surface storage, runoff, infiltration, evapotranspiration, soil moisture,
lateral subsurface drainage, vertical drainage and leakage through soil and liners. The modelled leakage
(infiltration) through the current and future landfill cap was included in the SEEP/W modelling assessment. The
HELP modelling assessment is included in Appendix F. HELP can also be used to calculate leachate leakage
through the base of the landfill, however this is typically applied to lined landfills. Given the complex history of the
Green Island Landfill site and absence of a modern landfill liner system, it was considered that the SEEP/W was
more suitable for representing the interaction between the landfill, including the leachate volumes and head level
within the landfill, and the receiving environment.
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The groundwater assessment included 2D modelling using Geostudio 2021 SEEP/W finite element modelling
software. Modelling was undertaken to estimate the seepage into the leachate trench and to simulate the leachate
head within the landfill.

Two SEEP/W cross-sections were created to model the landfill. The location of the cross-section lines is shown in
Figure G.1 (Appendix G). The models were created based on a drone survey provided by DCC. Each model was
initially run under steady-state conditions to simulate the interpreted baseline groundwater conditions. Models
were calibrated to:

— Measured leachate head within the landfill (average level); and

—  Combined pump station flows (from leachate collection trench), under dry weather conditions.

Steady state model scenarios were then run to simulate future conditions at closure, in particular, capping of the
landfill and installation of a leachate collection trench in the southern valley. The Line 2 future scenarios include

additional filling as outlined in the Design Report (GHD 2023). Details of the model set up and assumptions are
provided in Appendix G. Model scenarios are included in Table 3.1 below.

Table 3.1 Model scenarios
Scenario Hydraulic conductivity of cap Description
Number
Currently uncapped* Capped areas (north/central,
applies- Section Line 1 only)
Current - - Leachate trenches operational
Current - - Trench” turned off”

(trench off)

1A 1x 107 m/s 1x 108 m/s Leachate trenches operational

1B 1x107 m/s 1x 108 m/s Trench” turned off”

1C 1x107 m/s 1x10®m/s Trench operational, Sea level rise
(+ 0.5 m ) applied to river boundary.

2A 1 x 108 m/s (all areas) Leachate trenches operational

2B 1 x 108 m/s (all areas) Trench” turned off”

2C 1 x 108 m/s (all areas) Trench operational, Sea level rise
(+ 0.5 m ) applied to river boundary.

3A 1 x 10 m/s (all areas) Leachate trenches operational

3.4.1 Results

The results of the modelling for the base case (current) and future simulations are summarised in Table 3.2.

The modelling indicates flows to the leachate trench of approximately 1 L/s, this does not include the flows
reporting to pump stations 5 to 8, which are expected to flow into the trench at a lower rate (per metre of trench)
than the sections modelled. However, the results are in line with the current recorded flows (section 2.2.3).

The modelled leachate head for the base case scenarios are similar to field measurements, although the very high
leachate in the centre of the landfill could not be simulated. It is likely that the high leachate levels reflect the
heterogeneity of the landfill materials resulting in pockets/areas of higher leachate.
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Table 3.2 Summary modelling results — leachate trench flow rate and leachate head

Scenario Model Section Perimeter leachate Southern Valley Modelling leachate
drain flow rate for leachate drain flow head in fill (m RL)
length of trench rate for length of
modelled* (L/s) trench modelled*

(L/s)
Current Line 1 0.5 16
Line 2 0.5 10.2
1A Line 1 0.5 0.1 15.4
Line 2 0.4 0.2 9.8
1C Line 1 0.6 0.1 15.4
Line 2 0.5 0.2 9.9
2A Line 1 0.5 0.1 14
Line 2 0.4 0.1 9.3
2C Line 1 0.6 0.1 14
Line 2 0.4 0.1 9.3
3A Line 1 0.3 0.01 4
Line 2 0.2 0.02 3

*Flow rate (per metre) multiplied by length of trench represented by each section:
Line 1 — Perimeter trench, 400 m, Southern Valley trench (150 m)
Line 2 — Perimeter trench, 620 m, Southern Valley trench (300 m)

The relative proportion of flows from each side of the trench was calculated from the model. For Section 1, the
modelling results indicate that approximately 70% of the flow to the trench comes from the landfill (and underlying
groundwater) and 30% from the direction of the stream. Stream depletion rates are estimated to be < 0.1 L/s.

If the leachate trench pumps were to fail for an extended period (i.e. several weeks), the modelling shows a
reversal of flow over time with flow from the landfill into the stream eventually at an estimated rate of 0.5-0.8 L/s
(combined rate). This equates to approximately 0.2% of the mean flow in the Kaikorai Stream, downstream of
Abbotts Creek confluence.

By undertaking a simple mass mixing model approach the potential impact on water quality in the Kaikorai Stream
from a prolonged loss of the hydraulic containment can be estimated (Table 3.3). At mean flow, using the mixing
model approach, the Ammoniacal-N concentration would increase by an order of magnitude when compared to
existing background concentrations, whilst at low flows the concentration would be higher still.

Table 3.3 Simple mass mixing model for GW Ammoniacal-N discharge to Kaikorai Stream
Groundwater discharge (mean) (m3/day) 69.1
PS3 Ammoniacal -N (g/m?3) 323
Stream Flow (below Abbots Creek) (m®/day) 31,795 6,998
Background Ammoniacal-N (g/m®) 0.05 0.05

Mixed Concentrations if Discharge Occurred

Mixed Ammoniacal concentration (g/m?) 0.75 3.2
It is understood that when on occasions blockages have occurred in the gravity leachate lines taking leachate to
the pumpstations, , it has taken weeks for leachate levels to rise within the trench (pers comm. L Coe). The

monthly water level monitoring data from the perimeter wells and leachate manholes that has been collected over
the years provides a good evidentiary basis for showing that the trench has been effective in maintaining a
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hydraulic barrier. It is designed to enable gravity flow of leachate along the trench to a pump station, with the
ability of leachate to bypass a pump station in the event of an isolated pump shut down. In addition, it is unlikely
that the entire system would fail at once for a prolonged period of time, where remedial actions were not able to be
instated to maintain the hydraulic barrier. Therefore, the effects to surface water as shown by the model scenario
are unlikely to be realised for short term failures.

The Section Line 2 model indicates a very small flow from groundwater to the stream (0.01 L/s) this is interpreted
to be from the estuarine sediments adjacent to and under the stream bed. The stream is located ~70 m from the
trench, therefore while the trench appears be effective at intercepting leachate from the landfill, it does not result in
stream depletion and does not influence groundwater levels immediately adjacent to the stream.

A summary of the key finding from the modelling assessment is provided below in Table 3.4.

Table 3.4 Modelling summary

Cap permeability Decrease in leachate flow rate and leachate head level when a lower permeability cap is
applied. This effect is most pronounced when a cap hydraulic conductivity (K) of 10° m/s is
applied. The difference between leachate flow and head for the K 107 and 108 m/s
scenarios is small.

River side leachate trench The trench is effective at drawing down leachate levels and intercepting flows to the stream.
When the trench drainage boundary condition is “turned off” for modelling purposes, the flow
rate to stream is estimated to be between 0.5-0.8 L/s.

Modelled flow rates are similar to dry weather trench pump rates

Southern valley trench Estimated flow rates to the proposed trench are 0.2-0.3 L/s (0.03 L/s for low permeability
cap scenario)

Surface water interaction The modelling indicates that stream water (and shallow groundwater) is intercepted by the
leachate trench. Stream depletion rates are estimated to be in the order of 0.1 L/s for
Section 1. Stream depletion rates are higher in the sea level rise scenarios due to the
higher water levels.

However, the Section 2 model indicates flow (at a very low rate, 0.01 L/s) into the stream
from shallow groundwater adjacent to the stream. This is much lower than the modelled
flow to the stream (0.3-0.5 L/s) if the trench was “turned off” showing that the trench is
effective at intercepting leachate. The small inflow (0.01 L/s) to the stream under operating
conditions is interpreted to represent groundwater seeping from the stream bed and
adjacent river bank. Due to the distance of the trench to the stream, the operation of the
leachate trench does not influence groundwater levels immediately adjacent to the stream.
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4. Assessment of effects on the environment

4.1 Introduction

The proposed filling and closure of the Green Island Landfill has the potential to affect water quantity and quality.
An assessment of effects addressed in this technical assessment includes:

—  Effects to groundwater levels and flow;

—  Effects to surface water flows;

—  Effect of climate change and sea level rise; and
—  Effects to water quality.

The water quality assessment is focussed on groundwater quality with consideration of surface water interaction.
Surface water quality is primarily addressed in Surface Water Technical Assessment (GHD, 2024).

4.2 Effect to groundwater and surface water levels and
flows

The leachate collection system operates by drawing down water levels in the trench, this intercepts any leachate
flowing from the landfill but also draws groundwater from the area outside of the trench. It is likely that this
groundwater is hydraulically connected with surface water in the Kaikorai Stream, with the potential for
groundwater abstraction to have a stream depleting effect.

The modelling assessment presented in Section 3 and Appendix F, indicates that approximately 30% of the water
pumped from the leachate trench is derived from groundwater / connected surface water on the outside of the
trench, in areas where the trench is close to the stream. This volume is estimated to be <0.5 L/s for the entire
trench length. For areas further from the active stream channel, eg PS3, the modelling indicates no effect of the
leachate trench operation on stream flows.

Overall, the assessment indicates the effect of the leachate trench abstraction on surface water flows is negligible
when compared to the stream flows, even during low flow conditions, and volume of water in the estuary.

The underlying KEF and Abbotsford Formation are not used for groundwater supply. Therefore, the abstraction of
groundwater and localised reduction in groundwater levels around the landfill perimeter does not affect any
groundwater users.

4.3 Effect of climate change and sea level rise

Modelling was undertaken to assess the effect of higher river levels on the leachate collection system. The
modelling incorporated a higher road level (as recommend in the Design Report) and a higher river level (increase
by 0.5 m). The model results indicated slightly higher inflows to the leachate collection system, this increase is
well within the operating range of the leachate collection system, which can accommodate much higher
stormwater flows.

4.4  Effects to water quality

This assessment has shown the perimeter leachate collection system is effective at creating a hydraulic barrier
and intercepting leachate flowing from the landfill. It also draws groundwater from outside of the gravel leachate
trench, this is of particular importance in areas where waste is present outside of the trench (from historic
activities). This abstraction prevents the movement of potentially contaminated groundwater from outside the
leachate trench, into surface water. As discussed in the Surface Water Assessment, surface water monitoring
shows that there are no discernible adverse effects on surface water quality from the existing landfill activities.
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The review of ORC water takes and bore records did not identify any groundwater users close to or downgradient
of the site. Furthermore, the ORC has not mapped the area as a groundwater resource. Therefore, on that basis
groundwater is not considered to be a sensitive receptor.

The modelling assessment was used to assess the effect on groundwater flow rates and flow paths should
pumping from the leachate trench cease for a prolonged period resulting in discharge to surface water. This
modelling scenario is considered very unlikely in reality, as there would be a time lag for leachate levels to rise in
the trench before the modelled flow rate was achieved. Furthermore, it is considered unlikely that all pump
stations would be out of action for an extended period given historical performance and additional mitigation
measures that are proposed in the Design Report. However, for the purposes of this assessment, if leachate
migration to surface water was occurring (at a rate of 0.5 — 0.8 L/s) we would expect to see a measurable change
in water quality between the surface water monitoring points GI2 and GI3 (during low flow conditions) due to the
very high contaminant load in the landfill leachate (as described in section 3.2). Instead, the water quality at the
downstream GI3 is generally better than GI2. This further supports the conclusions of modelling assessment that
the leachate trench is effective at intercepting landfill leachate.

The proposal includes the installation of a leachate collection trench in the southern valley, this will intercept
leachate flowing from the southern side of the landfill. However, there will still be a gap in the leachate trench
between MH8 and PS9. This area of the landfill sits directly on a ridge of Abbotsford Formation. The mudstone
forms an effectively impermeable barrier to flow, therefore leachate migration off site is unlikely.

441 Effects on recreational use

While the post closure use of the site is still to be confirmed, the applicant does not intend to re-use or apply
impacted groundwater to land (via irrigation). Therefore, the groundwater quality will not impact any future
recreation use of the site and surrounding area. With regards to surface water quality, The Human Health Risk
Assessment (HHRA) (GHD,2024b) concluded that discharges from the site into the receiving environment of the
Kaikorai Stream generally represent a low risk to human users of the waterway and the aquatic environment.

4.5 Effects on other groundwater users

The surrounding area is not used for groundwater supply due to the low permeability geology, with the only two
consented groundwater takes (within a 2 km radius of the site) located upgradient of the site (quarry and landfill).
Groundwater is not utilised to the south of the site due to low permeability ground conditions. As noted above, the
effect of the proposed dewatering activities of groundwater are expected to be limited to the area within the
leachate perimeter trench with no effect on any other groundwater users.
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5. Recommendations

5.1 Monitoring

It is recommended that a condition of consent for the provision of a Groundwater Monitoring Plan is included,
which would include the following:

—  Details of all monitoring locations (groundwater and surface water),
—  Details of the monitoring well construction details, elevation, screened interval
— A detailed sampling and analysis plan

—  The practice and procedures for groundwater monitoring will be included in the Landfill Development
Management Plan (LDMP)

For both groundwater monitoring and surface water monitoring it is recommended to continue with the monitoring
programme in line with the current consent conditions, with the following exceptions:

— Itis recommended that isotopic analysis is removed as a consent condition. The current consent requires
quarterly sampling for analysis of environmental isotopes. It is considered that isotopic analysis does not
significantly improve the understanding of the groundwater/surface water system, and given the long delay
(months) between collection of samples and reporting of results, chemical analysis is likely to provide a more
timely indication of leachate mobility.

— Itis recommended that the requirement to install a deep groundwater well within the landfill is removed as a
consent condition. The installation of a deep well has the potential to create preferential flow paths from fill to
the underlying geology.

— Itis recommended that deep well BH103 is added to the routine monitoring schedule to provide geographical
coverage of the (historic) downgradient side of the site.

The following total peak and average daily flow rates are proposed as a consent condition for the leachate

collection system. These maximum rates allow for both groundwater and diverted stormwater during potentially

extended periods of rainfall:

—  Peak rate — 20 L/s (1,728 m%/day)
—  Average rate - 5 L/s (432 m3/day or 157,680 m/year).
It is recommended that the following water level and quality monitoring is undertaken (Table 5.1).

A comparison to the existing monitoring schedule is outlined in Table 5.2. The proposed changes simplify the
current monitoring program, with all water types having the same quarterly and annual analytical suites. Some
analytes have been removed from the schedule, as these analytes (i.e. faecal coliforms, volatile fatty acids) were
considered not to be useful for detecting leachate migration into the environment.

Table 5.1 Recommended monitoring
Monthly Groundwater levels A/B/C /D wells, BH103, pump
stations and manholes.

Quarterly’ pH - C and D wells
Electrical Conductivity -BH103
Dissolved oxygen - Representative sample from the
Boron leachate trench (PS3)
Nitrate Nitrogen - Surface water (C_-I-I1, Gl2, GI3, Gl 5

. . and estuary) within three hours of low

Ammoniacal Nitrogen tide
Chloride - Western sediment pond
PFAS/PFOA3

- South western pond
- Eastern sediment pond
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- South eastern constructed wetland
- Eastern constructed wetland

Annual Major lons (Sodium, Potassium, Magnesium, Calcium, - C and D wells
Bicarbonate, Sulphate and Chloride) -BH103
Dissolved Reactive Phosphorous - Representative sample from the
Metals? (Aluminium Arsenic, Cadmium, Chromium, Iron, Lead, leachate trench (PS3)
Manganese, Mercury, Nickel, Zinc) - Representative sample of leachate
Volatile Organic Compounds (VOC) (from gas well in landfill)
Semi Volatile Organic Compounds (SVOC) - Surface water (GI1, GI2, GI3, GI 5
Cyanide ?gd estuary) within three hours of low

ide

Chemical oxygen demand (COD)
Biological oxygen demand (BOD)
PFAS/PFOA (after three years of monitoring on quarterly basis)

- Western sediment pond

- South western pond

- Eastern sediment pond

- South eastern constructed wetland
- Eastern constructed wetland

'"Reduced frequency to 6 monthly, two years post closure

°Metal analysis — dissolved metals in groundwater and leachate trench (PS3), total metals in surface water
samples.

3Reduced frequency to annual after 3 years

Water quality results are to be documented and reviewed and assessed on receipt, with full analysis and reporting
in the annual monitoring report due 1 October every year. The annual monitoring report is to include a discussion
on any water quality trends and the effectiveness of the leachate trench in intercepting landfill leachate.

Post closure it is recommended that the monitoring programme is reviewed and updated to reflect the changes to
the landfill.
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Table 5.2

Monthly
Quarterly

Annual

Comparison between current and proposed monitoring schedule

Current Proposed Additional

pH PFAS/PFOA

Electrical
Conductivity

Chloride
Dissolved Oxygen

Ammoniacal
Nitrogen

Nitrate Nitrogen

Major lons (Sodium,
Potassium,
Magnesium,
Calcium,
Bicarbonate,
Sulphate and
Chloride)

Metals (Aluminium
Arsenic, Cadmium,
Chromium, Iron,
Lead, Manganese,
Nickel, Zinc,
Mercury)

Volatile Organic
Compounds (VOC)

Semi Volatile
Organic Compounds
(SVOC)
PFAS/PFOA
Cyanide

Chemical Oxygen
Demand (COD)
Biological Oxygen
Demand (BOD)
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Proposed Removed

Total Organic Carbon
Isotope Analysis

Dissolved Metals, (annual
only)

Total Cyanide
(annual only)

Current
Groundwater levels

pH
Electrical Conductivity

BOD

Major lons (Sodium,
Potassium, Magnesium,
Calcium, Bicarbonate,
Carbonate, Sulphate and
Chloride)

Cation Anion Ratio
pH

Conductivity
Ammoniacal Nitrogen
Nitrate nitrogen
Dissolved Iron
Dissolved Lead
Dissolved Zinc
Dissolved Oxygen

Proposed Additional

Dissolved oxygen
Boron

Nitrate Nitrogen
Ammoniacal Nitrogen
Chloride
PFAS/PFOA

PFAS/PFOA
Cyanide

Chemical oxygen demand
(COD)

Mercury
Nickel
Cadmium
Chromium
Aluminium

Volatile Organic Compounds
(VOC)

Semi Volatile Organic
Compounds (SVOC)

Proposed Removed

Isotope Analysis

Total Organic Carbon

Current

Isotope Analysis

Major lons (Sodium,
Potassium,
Magnesium, Calcium,
Bicarbonate,
Carbonate, Sulphate
and Chloride)

Cation anion ratio

pH

Electrical Conductivity
COD and BOD
Ammoniacal nitrogen
Nitrate nitrogen
Dissolved Oxygen

Dissolved Reactive
Phosphorus (DRP)

Total Organic Carbon

Acid soluble metals,
including: Aluminium,
Arsenic, Barium
Cadmium, Chromium,
Copper, Iron, Lead,
Nickel, Manganese,
Zinc

Total Mercury

Total Cyanide

Volatile Organic
Compounds (VOC)

Semi Volatile Organic
Compounds (SVOC)

Proposed Additional Proposed Removed

pH Isotope Analysis
Electrical Conductivity
Dissolved Oxygen

Boron (previously
measured annually)

Nitrate Nitrogen
Ammoniacal Nitrogen

Chloride

PFAS/PFOA

PFAS/PFOA Barium
Sulphide

Total phenols
Faecal Coliforms
OCP

Polychlorinated
Biphenyls

Volatile fatty acids



6. Conclusions

This technical groundwater assessment has involved a review of historical data, including the historic distribution
of waste, site monitoring data, and recent site investigation data. This information was used to inform a
groundwater modelling assessment to estimate the seepage into the leachate collection trench and to simulate the
leachate head within the landfill. In summary:

—  The leachate collection trench is effective in intercepting landfill leachate and drawing groundwater from areas
of waste outside the trench;

—  The chemical signature of waters pumped from the leachate trench show that it is a mix of groundwater and
leachate;

—  The future modelling scenarios indicate a small reduction in leachate head in recently capped area (northern
part of the landfill) and an increase of leachate head in areas receiving additional fill;

— Modelling indicates that the leachate trench in the southern valley will intercept leachate coming from the
landfill and aid to lower leachate levels within the landfill and enhance leachate collection;.

—  Potential for a small increase in dry weather flows in the leachate collection system from the additional fill
placement and installation of the southern valley trench;

—  With the continuing operation of the leachate collection system (including the extension of the trench into the
southern valley), and maintenance of the groundwater hydraulic barrier, no discernible effect on surface water
quality is expected; and

—  The effect on surface water flows from groundwater abstraction is negligible.

— Groundwater is not considered to be a sensitive receptor as groundwater is not utilised for supply in the
surrounding area due to the low permeability geology.

—  There is no evidence of groundwater flow occurring to the southeast, under the landfill and towards the coast.
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8. Limitations

This report: has been prepared by GHD for Dunedin City Council and may only be used and relied on by Dunedin City Council
for the purpose agreed between GHD and Dunedin City Council as set out in Section 1 of this report. GHD otherwise disclaims
responsibility to any person other than Dunedin City Council and Council officers, consultants, the hearings panel and
submitters associated with the resource consent and notice of requirement process for the Green Island Landfill Closure
Project arising in connection with this report.

GHD also excludes implied warranties and conditions, to the extent legally permissible. The services undertaken by GHD in
connection with preparing this report were limited to those specifically detailed in the report and are subject to the scope
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limitations set out in the report. The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report.

GHD has no responsibility or obligation to update this report to account for events or changes occurring subsequent to the date
that the report was prepared. The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the assumptions being incorrect.

GHD has prepared this report on the basis of information provided by Dunedin City Council and others who provided
information to GHD (including Government authorities)], which GHD has not independently verified or checked beyond the
agreed scope of work. GHD does not accept liability in connection with such unverified information, including errors and
omissions in the report which were caused by errors or omissions in that information. The opinions, conclusions and any
recommendations in this report are based on information obtained from, and testing undertaken at or in connection with,
specific sample points. Site conditions at other parts of the site may be different from the site conditions found at the specific
sample points

GHD has relied on information from a number of sources, including but not limited to the following:
Environmental Impact Assessment (Beca, 1992)

Green Island Landfill Leachate Collection Trench Geological Report (Barry J Douglas Geological Consultants, 2002 — herein
referred to as BDGC, 2002)

Green Island Landfill Gas Management Project. Stage 1: Investigation Works. URS, 2007.
Bund stability report (T&T, 2020)

Leachate collection summary (DCC) and associated plans

Claymine Assessment (DCC) and associated plans

GILF & RRRP master plan (Stantec 2020)

Green Island Annual monitoring reports prepared by GHD, 2022
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Appendix A

Hydraulic conductivity testing
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A-1  Hydraulic conductivity testing

Rising and falling head tests of existing monitoring wells and new bore holes were undertaken in November and
December 2022 to estimate the hydraulic conductivity of the underlying shallow aquifer. Up to two sets of rising
and falling head tests were completed in each well, however due to the slow groundwater response in the low
permeability sediments, less tests were completed in some wells. The raw data was initially processed and
reviewed graphically and then, if test results were considered suitable (e.g. not too many fluctuations, and suitable
measured response and recovery time), data were interpreted with Agtesolv software using Bouwer and Rice
(1976) and Hvorslev (1951) solutions.

The hydraulic conductivity estimate for monitoring wells MW2D is based on historical data from 1997, when the
well was purged and groundwater levels recovered over a few weeks.

The results of the hydraulic conductivity testing are summarised in Table A.1, full results are provided in Table A.2
with analysis plots following.

Table A.1 Summary of hydraulic conductivity testing

Geology Monitoring wells* Hydraulic Conductivity Adopted Hydraulic
Range (m/s) Conductivity (m/s)

Upper Kaikorai MW1C, MW5C, MW6C 8.4x107t02.8x10° 1x10°%

Estuary Member

(UKEM)

Lower Kaikorai BH100, BH101, BH103, 6.2x10"°t0 3.3 x 10® 1x107

Estuary Member BH108, MW2D, MW8C

(LKEM)

Abbotsford Formation | BH104 <1x10° 1x10°

(AM)

*Logs not available for older MW monitoring wells, inferred geology based on recent drilling investigation.
Wells BH102, MWOC, MW2C, MW3C, MW4C, MW4D likely screened over two layers

Test in BH104 does not recover fully (<85% recovery) — results approximately only.
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Table A.2 Hydraulic conductivity testing

Monitoring wells Screen lithology Hydraulic test Hydraulic Conductivity Comment
methodology* (ml/s)

Bouwer-Rice 1.9 x 107
RHT Bouwer-Rice 3.3x107
FHT Bouwer-Rice 1.8 x 107
MWOC Likely screened over two | RHT Bouwer-Rice 3.4 x107
layers FHT Hvorslev 2.3x107
RHT Hvorslev 4.6 x 107
FHT Hvorslev 1.9 x 107
RHT Hvorslev 4.0 x 107
FHT Bouwer-Rice 1.9 x 10
RHT Bouwer-Rice 8.4 x 107
FHT Bouwer-Rice 9.6 x 107
RHT Bouwer-Rice 1.1 x 10
MW1C UKEM
FHT Hvorslev 1.5x 10
RHT Hvorslev 8.8 x 107
FHT Hvorslev 1.0x 10®
RHT Hvorslev 1.3x 10
FHT Bouwer-Rice 3.9x107
MW2C Likely screened over two | FHT Bouwer-Rice 4.0 x 107
layers FHT Hvorslev 5.3 x 107
FHT Hvorslev 5.0x 107
RHT following purging Bouwer-Rice 6.2 x 10710 Taken from purged data
MW2D LKEM RHT following purging Hvorslev 7.2x101° %g?k&g;pfg‘iz(ﬁns;i)ngte
FHT Bouwer-Rice 1.1 x 107
MW3C :;;g'é screened overtwo | gy Bouwer-Rice 1.3x 107
FHT Bouwer-Rice 1.2x107
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Monitoring wells Screen lithology Hydraulic test Hydraulic Conductivity Comment
methodology (ml/s)

Likely screened over two

Mw4C
layers

MWA4D Likely screened over two
layers

MW5C UKEM

MW6C UKEM

FHT
RHT
FHT
RHT
FHT
FHT
FHT
FHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT

Bouwer-Rice
Hvorslev
Hvorslev
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Hvorslev

Hvorslev

9.6 x 108
1.6 x 107
1.1x107
1.5x 107
1.0 x 107
6.6 x 107
6.8 x 107
7.7x107
8.0 x 107
1.2 x 107
1.1x107
6.7 x 107
2.0x 107
1.5x 106
1.0x 106
1.1x 106
1.3x 10
2.0x 106
1.2 10

1.4 x 10
1.6 x 10®
1.0x 10®
2.3x10°%
9.3x107
25x10%
1.3x 10
2.3x10%

Appears to be influenced
by pumping or other
unaccounted for factor,
potentially tidal
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Monitoring wells Screen lithology Hydraulic test
methodology*
FHT

BH100

BH101

BH102

BH103

BH108

LKEM

LKEM

Screened over two layers

LKEM

Mudstone

LKEM

RHT
RHT
FHT
RHT
RHT
FHT
RHT
FHT
FHT
RHT
FHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
FHT
RHT
RHT
RHT
RHT
RHT

FHT

Hydraulic Conductivity Comment
(ml/s)

Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Hvorslev
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Bouwer-Rice
Hvorslev
Hvorslev
Hvorslev
Hvorslev
Bouwer-Rice
Hvorslev
Bouwer-Rice

Hvorslev

Bouwer-Rice

1.1x10°%
2.8x 106
2.4 x10°%
3.3x10°
2.2x 108
25x10%
2.3x10%
2.9x10°%
3.3x107
2.7 x107
6.6 x 107
3.9x107
3.6 x107
6.6 x 107
5.4 x107
2.8 x107
4.0 x 107
2.8 x107
6.6 x 107
2.6 x 107
4.5x 107
2.7 x107
2.1x108
3.0x108

7.0 x 101° Does not recover to 85% of
displacement. Approximate
-10
8.0x10 only.

3.1x10%
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Monitoring wells Screen lithology Hydraulic test Hydraulic Conductivity Comment
methodology (ml/s)

Bouwer-Rice 2.2x108
FHT Hvorslev 3.4x108
RHT Hvorslev 1.5x 108

*FHT/RHT = Falling/rising head test undertaken using displacement slug

Dunedin City Council | 12547621 | Waste Futures — Green Island Landfill Closure



0.1

E
E
-c — —
®
T
T o001 .
GJ - —
N r 7
[ - ]
£ i i
o
pd - -
0.001 |- -
1.0E-4
0. 12E+3  24E+3  36E+3  48E+3  6.0E+3

Time (sec)

BH100 - FHTO02

Data Set: G:\...\BH100 FHTO02 BR.aqt
Date: 12/07/22 Time: 10:47:15

PROJECT INFORMATION
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Test Well: BH100
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WELL DATA (BH100)
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Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.212E-6 m/sec y0=0.1949 m
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BH100 - RHT02

Data Set: G:\...\BH100 RHTO02 H.aqt
Date: 12/07/22 Time: 10:50:20

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH100
Test Date: 17/11/2022

AQUIFER DATA
Saturated Thickness: 7.57 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH100)

Initial Displacement: 0.2632 m Static Water Column Height: 7.57 m
Total Well Penetration Depth: 7.43 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.889E-6 m/sec y0 =0.2429 m




0.1
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BH101 - FHTO1

Data Set: G:\...\BH101_FHTO1 _BR.aqt
Date: 12/07/22 Time: 10:51:45

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.484 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =3.273E-7 m/sec y0=0.2173 m
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BH101 - FHTO1

Data Set: G:\...\BH101_FHTO1_ H.aqt
Date: 12/07/22 Time: 10:52:20

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.484 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K = 3.85E-7 m/sec y0 =0.2091 m




Normalized Head (m/m)
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BH101 - FHTO02

Data Set: G:\...\BH101_FHTO02 BR.aqt
Date: 12/07/22 Time: 10:56:34

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.361 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.726E-7 m/sec y0 =0.2391m




Normalized Head (m/m)
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BH101 - FHTO02

Data Set: G:\...\BH101_FHTO02 H.aqt
Date: 12/07/22 Time: 10:57:36

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.361 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K = 3.583E-7 m/sec y0 =0.2623 m
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Normalized Head (m/m)
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BH101 - RHTO02

Data Set: G:\...\BH101 _RHT02 BR.aqt
Date: 12/07/22 Time: 10:58:12

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.37 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =6.578E-7 m/sec y0=0.3243 m
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Normalized Head (m/m)

0.01

0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3

Time (sec)

BH101 - RHTO02

Data Set: G:\...\BH101_RHT02 H.aqt
Date: 12/07/22 Time: 10:58:36

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH101
Test Date: 16/11/2022

AQUIFER DATA
Saturated Thickness: 6.55 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH101)

Initial Displacement: 0.37 m Static Water Column Height: 6.55 m
Total Well Penetration Depth: 6.55 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =6.61E-7 m/sec y0 =0.2493 m
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Data Set: G:\...\BH102 FHTO01 BR.aqt
Date: 12/07/22

BH102 - FHTO1

Time: 11:05:39

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

Saturated Thickness: 3.89 m

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.3631 m
Total Well Penetration Depth: 3.7 m
Casing Radius: 0.025 m

WELL DATA (BH102)

Static Water Column Height: 3.89 m
Screen Length: 1. m
Well Radius: 0.063 m

Aquifer Model: Unconfined
K =5.364E-7 m/sec

SOLUTION
Solution Method: Bouwer-Rice
y0 =0.3027 m
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Data Set: G:\...\BH102 FHTO01 H.aqt

Date: 12/07/22

BH102 - FHTO1

Time: 11:06:29

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

PROJECT INFORMATION

Saturated Thickness: 3.89 m

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.3631 m
Total Well Penetration Depth: 3.7 m
Casing Radius: 0.025 m

WELL DATA (BH102)

Static Water Column Height: 3.89 m
Screen Length: 1. m
Well Radius: 0.063 m

Aquifer Model: Unconfined
K =6.571E-7 m/sec

SOLUTION
Solution Method: Hvorslev
y0 =0.3258 m
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Normalized Head (m/m)
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Time (sec)
BH102 - FHTO02
Data Set: G:\...\BH102 FHT02 BR.aqt
Date: 12/07/22 Time: 11:04:56

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

Saturated Thickness: 3.89 m

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.3655 m
Total Well Penetration Depth: 3.7 m
Casing Radius: 0.025 m

WELL DATA (BH102)

Static Water Column Height: 3.89 m
Screen Length: 1. m
Well Radius: 0.063 m

Aquifer Model: Unconfined
K = 3.948E-7 m/sec

SOLUTION
Solution Method: Bouwer-Rice
y0 =0.2979 m
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BH102 - FHTO02
Data Set: G:\...\BH102 FHT02 H.aqt
Date: 12/07/22 Time: 11:07:09

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

PROJECT INFORMATION

Saturated Thickness: 3.89 m

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.3655 m
Total Well Penetration Depth: 3.7 m
Casing Radius: 0.025 m

WELL DATA (BH102)

Static Water Column Height: 3.89 m
Screen Length: 1. m
Well Radius: 0.063 m

Aquifer Model: Unconfined
K =4.51E-7 m/sec

SOLUTION
Solution Method: Hvorslev
y0 =0.2949 m




Normalized Head (m/m)
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BH102 - RHTO1

Data Set: G:\...\BH102 RHT01_BR.aqt
Date: 12/07/22 Time: 11:08:30

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

AQUIFER DATA
Saturated Thickness: 3.89 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH102)

Initial Displacement: 0.3843 m Static Water Column Height: 3.89 m
Total Well Penetration Depth: 3.7 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.76E-7 m/sec y0 =0.2902 m




Normalized Head (m/m)
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BH102 - RHTO1

Data Set: G:\...\BH102 RHTO01_H.aqt
Date: 12/07/22 Time: 11:09:14

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

AQUIFER DATA
Saturated Thickness: 3.89 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH102)

Initial Displacement: 0.3843 m Static Water Column Height: 3.89 m
Total Well Penetration Depth: 3.7 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.594E-7 m/sec y0 =0.2375m




Normalized Head (m/m)
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BH102 - RHT02

Data Set: G:\...\BH102 RHT02 BR.aqt
Date: 12/07/22 Time: 11:10:06

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

AQUIFER DATA
Saturated Thickness: 3.89 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH102)

Initial Displacement: 0.3672 m Static Water Column Height: 3.89 m
Total Well Penetration Depth: 3.7 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.75E-7 m/sec y0 = 0.2607 m




Normalized Head (m/m)
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BH102 - RHT02

Data Set: G:\...\BH102 RHT02 H.aqt
Date: 12/07/22 Time: 11:10:37

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH102
Test Date: 15/11/2022

AQUIFER DATA
Saturated Thickness: 3.89 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH102)

Initial Displacement: 0.3672 m Static Water Column Height: 3.89 m
Total Well Penetration Depth: 3.7 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.744E-7 m/sec y0 =0.2254 m
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BH103 - RHTO1
Data Set: G:\...\BH103 RHT01_BR.aqt
Date: 12/07/22 Time: 11:12:49
PROJECT INFORMATION
Company: GHD
Client: DCC
Project: 12547621
Test Well: BH103
Test Date: 23/11/2022
AQUIFER DATA
Saturated Thickness: 9.65 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (BH103)
Initial Displacement: 0.2847 m Static Water Column Height: 9.65 m
Total Well Penetration Depth: 10.01 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION

Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.129E-8 m/sec y0 =0.6076 m
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BH103 - RHTO1
Data Set: G:\...\BH103 RHTO01_ H.aqt
Date: 12/07/22 Time: 11:13:26
PROJECT INFORMATION
Company: GHD
Client: DCC
Project: 12547621
Test Well: BH103
Test Date: 23/11/2022
AQUIFER DATA
Saturated Thickness: 9.65 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (BH103)
Initial Displacement: 0.2847 m Static Water Column Height: 9.65 m
Total Well Penetration Depth: 10.01 m Screen Length: 2. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION

Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.988E-8 m/sec y0 =0.9804 m
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BH108 - FHTO1

Data Set: G:\...\BH108 FHTO01 BR.aqt
Date: 12/07/22 Time: 11:14:07

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH108
Test Date: 23/11/2022

AQUIFER DATA
Saturated Thickness: 10.62 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH108)

Initial Displacement: 0.3802 m Static Water Column Height: 10.62 m
Total Well Penetration Depth: 10.49 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =3.152E-8 m/sec y0=0.3132 m




Normalized Head (m/m)
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BH108 - FHTO1

Data Set: G:\...\BH108 FHTO01 H.aqt
Date: 12/07/22 Time: 11:15:04

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH108
Test Date: 23/11/2022

AQUIFER DATA
Saturated Thickness: 10.62 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH108)

Initial Displacement: 0.3802 m Static Water Column Height: 10.62 m
Total Well Penetration Depth: 10.49 m Screen Length: 1. m
Casing Radius: 0.025 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K = 3.356E-8 m/sec y0 =0.3489 m




Normalized Head (m/m)
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BH108 - RHTO1

Data Set: G:\...\BH108 RHT01 BR.aqt
Date: 12/07/22 Time: 11:15:32

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH108
Test Date: 23/11/2022

AQUIFER DATA
Saturated Thickness: 10.62 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH108)

Initial Displacement: 0.3906 m Static Water Column Height: 10.62 m
Total Well Penetration Depth: 10.49 m Screen Length: 1. m
Casing Radius: 0.026 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.157E-8 m/sec y0 =0.3064 m
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BH108 - RHTO1

Data Set: G:\...\BH108 RHTO01_H.aqt
Date: 12/07/22 Time: 11:16:29

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: BH108
Test Date: 23/11/2022

AQUIFER DATA
Saturated Thickness: 10.62 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH108)

Initial Displacement: 0.3906 m Static Water Column Height: 10.62 m
Total Well Penetration Depth: 10.49 m Screen Length: 1. m
Casing Radius: 0.026 m Well Radius: 0.063 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.471E-8 m/sec y0 =0.2105m




Normalized Head (m/m)
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MWOC - FHT1
Data Set: G:\..\MWOC FHT1_BR.aqt
Date: 12/07/22 Time: 11:17:17

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1959 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.896E-7 m/sec y0=0.1381m




Normalized Head (m/m)
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MWOC - FHT1
Data Set: G:\..\MWOC FHT1 H.aqt
Date: 12/07/22 Time: 11:19:16

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1959 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.29E-7 m/sec y0 =0.1236 m




Normalized Head (m/m)
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MWOC - FHT2
Data Set: G:\..\MWOC FHT2 BR.aqt
Date: 12/07/22 Time: 11:19:56

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1915 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.783E-7 m/sec y0=0.1324 m




Normalized Head (m/m)
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MWOC - FHT2
Data Set: G:\..\MWO0C FHT2 H.aqt
Date: 12/07/22 Time: 11:20:34

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1915 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.881E-7 m/sec y0 =0.1045m




Normalized Head (m/m)
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MWOC - RHT1

Data Set: G:\..\MWOC RHT1 BR.aqgt
Date: 12/07/22 Time: 11:21:06

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1885 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 3.259E-7 m/sec y0 =0.1678 m




Normalized Head (m/m)
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MWOC - RHT1

Data Set: G:\..\MWO0OC RHT1 H.aqt
Date: 12/07/22 Time: 11:21:42

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1885 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =4.638E-7 m/sec y0 =0.1869 m




Normalized Head (m/m)
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MWOC - RHT2

Data Set: G:\..\MWOC RHT2 BR.aqgt
Date: 12/07/22 Time: 11:22:13

PROJECT INFORMATION

Company: DCC
Client: GILF

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1844 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =3.351E-7 m/sec y0=0.1747 m




Normalized Head (m/m)

0. 4.0E+3 8.0E+3 1.2E+4 1.6E+4 2.0E+4

Time (sec)

MWOC - RHT2

Data Set: G:\..\MWO0OC RHT2 H.aqt
Date: 12/07/22 Time: 11:23:10

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MWOC
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 3.27 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWOC)

Initial Displacement: 0.1844 m Static Water Column Height: 3.27 m
Total Well Penetration Depth: 3.3 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.131m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K = 3.959E-7 m/sec y0 =0.1489 m




Normalized Head (m/m)
o

0.01

0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3

Time (sec)

MW1C FHTO1

Data Set: G:\..\MW1C FHT1_BR.aqt
Date: 12/07/22 Time: 11:25:50

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1908 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.928E-6 m/sec y0 =0.2054 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3
Time (sec)
MW1C FHTO1
Data Set: G:\..\MW1C FHT1 H.aqt
Date: 12/07/22 Time: 11:26:36

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1908 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.539E-6 m/sec y0=0.1287 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3
Time (sec)
MW1C FHTO02
Data Set: G:\..\MW1C FHT2 BR.aqt
Date: 12/07/22 Time: 11:32:11

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1932 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =9.589E-7 m/sec y0 =0.1226 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3
Time (sec)
MW1C FHTO02
Data Set: G:\..\MW1C FHT2 H.aqt
Date: 12/07/22 Time: 11:34:30

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1932 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =9.589E-7 m/sec y0 =0.1226 m




Normalized Head (m/m)
o

0.01
0. 4.0E+3 8.0E+3 1.2E+4 1.6E+4 2.0E+4
Time (sec)
MW1C RHTO1
Data Set: G:\..\MW1C RHT1 BR.aqt
Date: 12/07/22 Time: 11:28:53

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1935 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =8.441E-7 m/sec y0=0.112m




Normalized Head (m/m)
o

0.01
0. 4.0E+3 8.0E+3 1.2E+4 1.6E+4 2.0E+4
Time (sec)
MW1C RHTO1
Data Set: G:\..\MW1C RHT1 H.aqt
Date: 12/07/22 Time: 11:30:01

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1935 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =8.775E-7 m/sec y0=0.1013 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1.6E+3 3.2E+3 4.8E+3 6.4E+3 8.0E+3
Time (sec)
MW1C RHTO02
Data Set: G:\..\MW1C RHT2 BR.aqgt
Date: 12/07/22 Time: 11:35:39

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1969 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.144E-6 m/sec y0=0.1331m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1.6E+3 3.2E+3 4.8E+3 6.4E+3 8.0E+3
Time (sec)
MW1C RHTO02
Data Set: G:\..\MW1C RHT2 H.aqt
Date: 12/07/22 Time: 11:36:30

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW1C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 4.56 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW1C)

Initial Displacement: 0.1969 m Static Water Column Height: 4.56 m
Total Well Penetration Depth: 6.05 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.278E-6 m/sec y0 =0.1226 m




oo O O

Normalized Head (m/m)
o

Y0 T S Y NS R
0. 1.4E+4 2.8E+4 4.2E+4 5.6E+4 7.0E+4
Time (sec)
MW3C - FHTO1
Data Set: G:\..\MW3C FHT1_BR.aqt
Date: 12/07/22 Time: 11:38:14

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1533 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.05 m Well Radius: 0.13 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.313E-7 m/sec y0 =0.04373 m
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Normalized Head (m/m)
o

0.01
0. 1.4E+4 2.8E+4 4.2E+4 5.6E+4 7.0E+4
Time (sec)
MW3C - FHTO1
Data Set: G:\..\MW3C FHT1 H.aqt
Date: 12/07/22 Time: 11:38:42

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1533 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.596E-7 m/sec y0 =0.04512m
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Time (sec)
MW3C - FHT02
Data Set: G:\..\MW3C FHT2 BR.aqt
Date: 12/07/22 Time: 11:40:37

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1441 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.2E-7 m/sec y0 = 0.04646 m
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Time (sec)
MW3C - FHT02
Data Set: G:\..\MW3C FHT2 H.aqt
Date: 12/07/22 Time: 11:41:11

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1441 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.522E-7 m/sec y0 =0.04523 m
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Time (sec)
MW3C - RHTO1
Data Set: G:\..\MW3C RHT1 BR.aqgt
Date: 12/07/22 Time: 11:39:24

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1477 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.276E-7 m/sec y0 =0.04607 m
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Time (sec)
MW3C - RHTO1
Data Set: G:\..\MW3C RHT1 H.aqt
Date: 12/07/22 Time: 11:39:51
PROJECT INFORMATION
Company: GHD
Client: DCC
Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022
AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (MW3C)
Initial Displacement: 0.1477 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev
K =1.099E-7 m/sec y0 =0.04104 m
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Normalized Head (m/m)

. 0. 6.0E+3 1.2E+4 1.8E+4 2.4E+4 3.0E+4

Time (sec)

MW3C - RHT02

Data Set: G:\..\MW3C RHT2 BR.aqgt
Date: 12/07/22 Time: 11:42:41

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW3C)

Initial Displacement: 0.1604 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =9.58E-8 m/sec y0 =0.04964 m
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Normalized Head (m/m)

0. 6.0E+3 1.2E+4 1.8E+4 2.4E+4 3.0E+4

Time (sec)

MW3C - RHT02

Data Set: G:\..\MW3C RHT2 H.aqt
Date: 12/07/22 Time: 11:43:36

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW3C
Test Date: 10/11/2022

AQUIFER DATA
Saturated Thickness: 1.55m Anisotropy Ratio (Kz/Kr):

=

WELL DATA (MW3C)

Initial Displacement: 0.1604 m Static Water Column Height: 1.55 m
Total Well Penetration Depth: 1.92 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =9.972E-8 m/sec y0 =0.04522 m




Normalized Head (m/m)

0. 600. 1.2E+3 1.8E+3 2.4E+3 3.0E+3

Time (sec)

MWS5C - FHTO1

Data Set: G:\..\MW5C FHT1_BR.aqt
Date: 12/07/22 Time: 11:46:38

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1766 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.465E-6 m/sec y0 =0.1533 m




Normalized Head (m/m)

0. 600. 1.2E+3 1.8E+3 2.4E+3 3.0E+3

Time (sec)

MWS5C - FHTO1

Data Set: G:\..\MW5C FHT1 H.aqt
Date: 12/07/22 Time: 11:47:16

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1766 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.041E-6 m/sec y0 =0.1658 m




Normalized Head (m/m)

0. 800. 1.6E+3 2.4E+3 3.2E+3 4.0E+3

Time (sec)

MWS5C - FHT02

Data Set: G:\..\MW5C FHT2 BR.aqgt
Date: 12/07/22 Time: 11:54:24

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1825 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.14E-6 m/sec y0 =0.1448 m




Normalized Head (m/m)

0. 800. 1.6E+3 2.4E+3 3.2E+3 4.0E+3

Time (sec)

MWS5C - FHT02

Data Set: G:\..\MW5C FHT2 H.aqt
Date: 12/07/22 Time: 11:54:57

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1825 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.425E-6 m/sec y0 =0.1363 m




Normalized Head (m/m)

0. 800. 1.6E+3 2.4E+3 3.2E+3 4.0E+3

Time (sec)

MW5C - RHTO1

Data Set: G:\..\MW5C RHT1 BR.aqgt
Date: 12/07/22 Time: 11:49:11

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1768 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.005E-6 m/sec y0=0.1168 m




Normalized Head (m/m)

0. 800. 1.6E+3 2.4E+3 3.2E+3 4.0E+3

Time (sec)

MW5C - RHTO1

Data Set: G:\..\MW5C RHT1 H.aqt
Date: 12/07/22 Time: 11:50:31

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1768 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.244E-6 m/sec y0 =0.1093 m




Normalized Head (m/m)

0. 600. 1.2E+3 1.8E+3 2.4E+3 3.0E+3

Time (sec)

MW5C - RHT2

Data Set: G:\..\MW5C RHT2 BR.aqgt
Date: 12/07/22 Time: 11:56:30

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 0.1813 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.28E-6 m/sec y0=0.1193 m




Normalized Head (m/m)

0.1
0. 600. 1.2E+3 1.8E+3 2.4E+3 3.0E+3
Time (sec)
MW5C - RHT2
Data Set: G:\..\MW5C RHT2 H.aqt
Date: 12/07/22 Time: 11:57:40

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW5C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 2.71 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW5C)

Initial Displacement: 0.1813 m Static Water Column Height: 2.71 m
Total Well Penetration Depth: 3.34 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K = 1.55E-6 m/sec y0=0.109 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1000. 2.0E+3 3.0E+3 4.0E+3 5.0E+3
Time (sec)
MW6C - FHTO1
Data Set: G:\..\MW6C FHT1_BR.aqt
Date: 12/07/22 Time: 12:00:02

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1839 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.033E-6 m/sec y0=0.127 m




Normalized Head (m/m)
o

001 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 1000. 2.0E+3 3.0E+3 4.0E+3 5.0E+3
Time (sec)
MW6C - FHTO1
Data Set: G:\..\MW6C FHT1 H.aqt
Date: 12/07/22 Time: 12:01:31

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1839 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.335E-6 m/sec y0=0.1291m




Normalized Head (m/m)
o
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0. 1.4E+3 2.8E+3 4.2E+3 5.6E+3 7.0E+3
Time (sec)
MW6C FHTO02
Data Set: G:\..\MW6C FHT2 BR.aqgt
Date: 12/07/22 Time: 12:05:46

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1845 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.133 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =9.314E-7 m/sec y0=0.1214 m




Normalized Head (m/m)
o
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MW6C FHTO02
Data Set: G:\..\MW6C FHT2 H.aqt
Date: 12/07/22 Time: 12:06:41

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1845 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.133 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =1.06E-6 m/sec y0=0.1082 m




0.1

Normalized Head (m/m)

0.01
0. 1.6E+3 3.2E+3 4.8E+3 6.4E+3 8.0E+3
Time (sec)
MW6C RHTO1
Data Set: G:\..\MW6C RHT1 BR.aqgt
Date: 12/07/22 Time: 12:03:53

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1852 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.303E-6 m/sec y0 =0.1296 m




Normalized Head (m/m)
o

0.01
0. 1.6E+3 3.2E+3 4.8E+3 6.4E+3 8.0E+3
Time (sec)
MW6C RHTO1
Data Set: G:\..\MW6C RHT1 H.aqt
Date: 12/07/22 Time: 12:04:32

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1852 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.134 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.339E-6 m/sec y0 =0.1028 m
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Time (sec)
MW6C RHTO02
Data Set: G:\..\MW6C RHT2 BR.aqgt
Date: 12/07/22 Time: 12:08:55

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1823 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.133 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.532E-6 m/sec y0=0.1261m
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MW6C RHTO02
Data Set: G:\..\MW6C RHT2 H.aqt
Date: 12/07/22 Time: 12:10:11

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW6C
Test Date: 14/11/2022

AQUIFER DATA
Saturated Thickness: 3.66 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW6C)

Initial Displacement: 0.1823 m Static Water Column Height: 3.66 m
Total Well Penetration Depth: 4.13 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.133 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.785E-6 m/sec y0=0.1121m




Normalized Head (m/m)
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0. 2.0E+3 4.0E+3 6.0E+3 8.0E+3 1.0E+4
Time (sec)
MW2C - FHT1
Data Set: G:\..\MW2C-FHT1 BR.aqt
Date: 12/08/22 Time: 11:21:29

PROJECT INFORMATION

Company: GHD
Client: DCC
Project: 12547621
Test Well: MW2C
Test Date: 8/9/2022

AQUIFER DATA
Saturated Thickness: 3.838 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW2C)

Initial Displacement: 0.2776 m Static Water Column Height: 3.838 m
Total Well Penetration Depth: 3.888 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.075m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 3.875E-7 m/sec y0=0.1942 m




Normalized Head (m/m)
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Time (sec)
MW2C - FHT1
Data Set: G:\..\MW2C-FHT1 H.aqt
Date: 12/08/22 Time: 11:24:29

PROJECT INFORMATION

Company: GHD
Client: DCC
Project: 12547621
Test Well: MW2C
Test Date: 8/9/2022

AQUIFER DATA
Saturated Thickness: 3.838 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW2C)

Initial Displacement: 0.2776 m Static Water Column Height: 3.838 m
Total Well Penetration Depth: 3.888 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.075m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =5.288E-7 m/sec y0=0.2113 m




Normalized Head (m/m)
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MW2C - FHT2

Data Set: G:\..\MW2C-FHT2 BR.aqt
Date: 12/08/22 Time: 11:25:56

PROJECT INFORMATION

Company: GHD
Client: DCC
Project: 12547621
Test Well: MW2C
Test Date: 8/9/2022

AQUIFER DATA
Saturated Thickness: 3.834 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW2C)

Initial Displacement: 0.2769 m Static Water Column Height: 3.834 m
Total Well Penetration Depth: 3.884 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.075m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =4.023E-7 m/sec y0=0.199 m




Normalized Head (m/m)

. 0. 4.0E+3 8.0E+3 1.2E+4 1.6E+4 2.0E+4

Time (sec)

MW2C - FHT2

Data Set: G:\..\MW2C-FHT2 H.aqt
Date: 12/08/22 Time: 11:23:16

PROJECT INFORMATION

Company: GHD
Client: DCC
Project: 12547621
Test Well: MW2C
Test Date: 8/9/2022

AQUIFER DATA
Saturated Thickness: 3.834 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MW2C)

Initial Displacement: 0.2769 m Static Water Column Height: 3.834 m
Total Well Penetration Depth: 3.884 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.075m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =4.988E-7 m/sec y0=0.1922 m




Normalized Head (m/m)

0.1 -+
0. 4.0E+6 8.0E+6 1.2E+7 1.6E+7 2.0E+7

Time (sec)

MW2D - RHT1 - 1997 PURGE

Data Set: G:\..\MW2D-RHT1_BR.aqt
Date: 12/08/22 Time: 11:28:35

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2D
Test Date: 7/08/1997

AQUIFER DATA
Saturated Thickness: 9.982 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 7.82 m Static Water Column Height: 9.982 m
Total Well Penetration Depth: 10. m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =6.193E-10 m/sec y0=11.05m




Normalized Head (m/m)

0_1\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0. 4.0E+6 8.0E+6 1.2E+7 1.6E+7 2.0E+7

Time (sec)

MW2D - RHT1 - 1997 PURGE

Data Set: G:\..\MW2D-RHT1_H.aqt
Date: 12/08/22 Time: 11:29:28

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2D
Test Date: 7/08/1997

AQUIFER DATA
Saturated Thickness: 9.982 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (New Well)

Initial Displacement: 7.82 m Static Water Column Height: 9.982 m
Total Well Penetration Depth: 10. m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =7.203E-10 m/sec y0=12.32m




Normalized Head (m/m)
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0. 1.2E+3 2.4E+3 3.6E+3 4.8E+3 6.0E+3
Time (sec)
MWA4C - FHT1
Data Set: G:\..\MW4C FHT1_BR.aqt
Date: 12/08/22 Time: 11:30:13

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW4D
Test Date: 9/09/2022

AQUIFER DATA
Saturated Thickness: 2.699 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4C)

Initial Displacement: 0.2821 m Static Water Column Height: 2.699 m
Total Well Penetration Depth: 4.717 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1345 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =6.566E-7 m/sec y0 =0.1899 m




Normalized Head (m/m)
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Time (sec)
MWA4C - FHT1
Data Set: G:\..\MW4C FHT1_H.aqt
Date: 12/08/22 Time: 11:31:05

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW4D
Test Date: 9/09/2022

AQUIFER DATA
Saturated Thickness: 2.699 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4C)

Initial Displacement: 0.2821 m Static Water Column Height: 2.699 m
Total Well Penetration Depth: 4.717 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1345 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =7.718E-7 m/sec y0=0.1797 m




Normalized Head (m/m)
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MWA4C - FHT2

Data Set: G:\..\MW4C FHT2 BR.aqt
Date: 12/08/22 Time: 11:32:08

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW4D
Test Date: 9/09/2022

AQUIFER DATA
Saturated Thickness: 2.699 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4C)

Initial Displacement: 0.3173 m Static Water Column Height: 2.699 m
Total Well Penetration Depth: 4.72 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1345 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =6.755E-7 m/sec y0 =0.1825m




Normalized Head (m/m)
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MWA4C - FHT2

Data Set: G:\..\MW4C FHT2 H.aqt
Date: 12/08/22 Time: 11:32:49

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW4D
Test Date: 9/09/2022

AQUIFER DATA
Saturated Thickness: 2.699 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4C)

Initial Displacement: 0.3173 m Static Water Column Height: 2.699 m
Total Well Penetration Depth: 4.72 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1345 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =8.03E-7 m/sec y0=0.177m




Normalized Head (m/m)
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MW4D- FHT1
Data Set: G:\..\MW4D-FHT1 BR.aqt
Date: 12/08/22 Time: 11:34:10

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2C
Test Date: 30/07/2022

AQUIFER DATA
Saturated Thickness: 10.25 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4D)

Initial Displacement: 0.3712 m Static Water Column Height: 10.25 m
Total Well Penetration Depth: 10.09 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1335 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.155E-7 m/sec y0=0.2101m




Normalized Head (m/m)
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MW4D- FHT1
Data Set: G:\..\MW4D-FHT1 H.aqt
Date: 12/08/22 Time: 11:35:18

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2C
Test Date: 30/07/2022

AQUIFER DATA
Saturated Thickness: 10.25 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4D)

Initial Displacement: 0.3712 m Static Water Column Height: 10.25 m
Total Well Penetration Depth: 10.09 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1335 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =6.704E-8 m/sec y0=0.1434 m




Normalized Head (m/m)
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MW4D- RHT1

Data Set: G:\...\MW4D-RHT1_BR.aqt
Date: 12/08/22 Time: 11:36:06

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2C
Test Date: 30/07/2022

AQUIFER DATA
Saturated Thickness: 10.25 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4D)

Initial Displacement: 0.3487 m Static Water Column Height: 10.25 m
Total Well Penetration Depth: 1.09 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1335 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.08E-7 m/sec y0=0.1961m




Normalized Head (m/m)
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MW4D- RHT1

Data Set: G:\...\MW4D-RHT1_H.aqt
Date: 12/08/22 Time: 11:36:48

PROJECT INFORMATION

Company: GHD
Client: DCC

Project: 12547621
Test Well: MW2C
Test Date: 30/07/2022

AQUIFER DATA
Saturated Thickness: 10.25 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (MWA4D)

Initial Displacement: 0.3487 m Static Water Column Height: 10.25 m
Total Well Penetration Depth: 1.09 m Screen Length: 1. m
Casing Radius: 0.045 m Well Radius: 0.1335 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =2.044E-7 m/sec y0 =0.2005 m




Appendix B

Groundwater levels and plots



B-1

Table B.1

Bore locations and water levels

Location of bore holes

X (NZTM)

Y (NZTM)

RL (OMD?)

RL (NZVD?)

PS1
MWA1A
MW1B
MH1
MW1C
PS2
MW2A
MW2B
MH2
MW2C
MW2D
ST2
PS3
MW3A
MW3B
MH3
MW3C
ST3
PS4
MWA4A
MW4B
MWAC
MW4D
ST4
PS5
MW5A
MW5B
MH5
MW5C
ST5
PS6
MW6A
MW6B
MH6
MW6C
PS7
MW7A
MW7B
MH7
MW7D
PS8
MWB8A
MW8B
MH8

1399121
1399031
1399028
1399030
1399031
1398962
1399000
1398995
1398990
1398986
1398980
1398930
1399021
1399054
1399049
1399044
1399036
1398990
1399064
1399160
1399158
1399156
1399162
1399173
1399240
1399334
1399333
1399330
1399326
1399331
1399424
1399508
1399513
1399518
1399525
1399631
1399652
1399657
1399661
1399670
1399682
1399617
1399622
1399628

4912577
4912671
4912662
4912661
4912657
4912722
4912815
4912817
4912820
4912822
4912826
4912847
4912915
4913013
4913014
4913015
4913018
4913033
4913137
4913176
4913182
4913192
4913194
1399173
4913216
4913275
4913277
4913280
4913286
4913307
4913304
4913260
4913262
4913264
4913266
4913185
4913100
4913102
4913104
4913101
4913035
4912928
4912923
4912920

102.1
104.03
103.19
102.56
103.65
102.42
103.63

102.8
102.18
102.48
102.49

101
102.51
102.77
102.82
102.46
102.9
101
102.63
103.93
102.93
102.89
104.16
101
102.43
103.04
103.04
102.45
103.08
101
102.42
102.75
102.72
102.65
102.67
103.12
103.27
103.28
102.96
103.23
103.79
105.43
105.44
105.02

1.79
3.72
2.89
2.25
3.34
2.1
3.32
2.49
1.87
217
2.18
0.69
22
2.46
2.51
2.15
2.59
0.69
2.32
3.62
2.62
2.58
3.85
0.69
212
2.73
2.73
2.14
2.77
0.69
2.1
244
2.41
2.35
2.36
2.81
2.96
2.97
2.65
2.92
3.48
5.12
5.13
4.71

WL below WL (RL NZVD?)
reference point

3.6 -1.81
1.435 2.285
1.322 1.568
3.391 -1.141
1.211 2.129
3.265 -1.155
2.806 0.514
2.323 0.167
3.13 -1.26
1.216 0.954
0.5 1.68
3.02 -0.82
1.292 1.168
1.38 1.13
3.142 -0.992
2.242 0.348
3.21 -0.89
2.789 0.831
1.886 0.734
2.205 0.375
1.88 1.97
3.196 -1.076
2.983 -0.253
2.854 -0.124
3.206 -1.066
1.772 0.998
3.874 -1.764
0.748 1.692
1.164 1.246
3.125 -0.775
1.173 1.187
3.913 -1.103
1.254 1.706
1.848 1.122
3.528 -0.878
1.562 1.358
4.056 -0.576
3.482 1.638
3.191 1.939
3.912 0.798

8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
8/07/2022
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MW8C 1399627 4912915 105.44 5.13 2.296 2.834 8/07/2022

PS9 1399557 4912818 105.97 5.66 5.892 -0.232 8/07/2022

MW9 1399368 4912898 109.74 9.43 - - -
MWO0C 1399149 4912500 102.55 2.24 1.488 0.752 8/07/2022

2022 Geotechnical Investigation

BH100 1399159 4913183 - 2.2 0.975 1.225 14/11/2022
BH101 1399045 4913067 - 2.26 1.964 0.296 14/11/2022
BH102 1399010 4912854 - 2.18 1.291 0.889 14/11/2022
BH103 1399103 4912603 - 1.58 1.027 0.553 14/11/2022
BH104 1399552 4912899 - 6.47 7.09 -0.62 14/11/2022
BH105* 1399518 4913038 - 6.42 - - -
BH106 1399559 4913069 - 6.6 - - -
BH107 1399344 4913221 - 6.87 - - -
BH108 1399316 4912716 - 12.12 5.272 6.848 14/11/2022
BH109 1399510 4913116 - 7.02 - - -
BH110* 1399332 4913121 - 7.61 - - -
BH111 1399279 4913201 - 6.26 - - -
CPT100 1399159 4913183 - 2.19 - - -
CPT101 1399044 4913073 - 2.09 - - -
CPT102* 1399038 4912947 - 1.72 - - -
CPT103 1399010 4912854 - 2.2 - - -
CPT104 1399020 4912657 - 1.77 - - -
CPT105 1399103 4912603 - 1.61 - - -
CPT108 1399265 4913233 - 1.66 - - -

Notes:

'New Zealand Transverse Mercator
2Otago metric datum

3New Zealand Vertical Datum. Locations on monitoring wells lines 1-9 converted from OMD based on correction factor of -(0.388 m + 100 m),
from height of mark AG1B AG1B: W 6 (linz.govt.nz)

4Locations and elevation not surveyed, measured with hand held GPS (approximate only)
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Figure C1-2 Arsenic
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Figure C1-4 Chromium
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  24-19939

Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Courtney Deavoll

Dunedin 9016 Date Received:  22/06/2024
Testing Initiated: 24/06/2024

Attention:  Dusk Main Date Completed: 15/07/2024

Phone: 034799481 Order Number: 12613624

Email: hayden.erasmus@ghd.com Reference: 12613624

Sampling Site: Green Island Landfill

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories (or at the
subcontracted laboratories, when applicable). Samples were in acceptable condition unless otherwise noted on this report.
Specific testing dates are available on request.

Biochemical Oxygen Demand

BH103

Client Sample ID

Date Sampled 21/06/2024

Total Biochemical

3
Oxygen Demand g L <10

Anion/Cation Suite

Client Sample ID EAETE

Date Sampled 21/06/2024

pH pH 1 6.8
Electrical Conductivity puS/cm 0.2 37,360.00
(Tg;ac'g‘g;a""'ty gcacoym®| 1 657
Chloride g/m3 0.5 12,706.76
Sulfate g/m3 0.15 134
Nitrate-N g/md | 0.002 0.300
el e
Ammonia as N g/m3 | 0.005 327
Sodium g/m3 0.01 4,740
Potassium g/m?3 0.05 149
Calcium g/m3 0.05 976
Magnesium g/m3 0.01 864
Iron g/mé | 0.005 116

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests

(COREPITE,
marked *, which are not accredited.
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
%, &
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Anion/Cation Suite

Client Sample ID EAETE

Date Sampled 21/06/2024
Zinc g/ms | 0.001 0.013
Manganese g/m3 | 0.0005 0.854
Sum of Anions* meq/L 0.01 371.78
Sum of Cations* megq/L 0.01 336.38
EC/10* (mS/m)/10 | 0.002 373.60

Elements in Water (Soluble)

Boron

Client Sample ID EAETE

Date Sampled 21/06/2024

g/m?3 0.01 0.845

Lead

0.00005 0.00042

g/m3

Carbon in Water

Total Organic Carbon

Client Sample ID LI

21/06/2024

Date Sampled

g/m3 0.5 22.7

Method Summary
BOD

pH

Electrical
Conductivity

Total Alkalinity
(CaCoO,)

Chloride
Sulfate
NO3-N

Dissolved Reactive
Phosphorus

Ammonia-N

Soluble Trace
Elements

Sum of Anions
Sum of Cations

Total Organic
Carbon

Dissolved oxygen measured using a dissolved oxygen electrode after a 5 day incubation period.
(APHA 5210 B - Online edition).

Samples measured as received using a conventional pH electrode. (APHA 4500 H* B. Online
edition).

Samples analysed as received using a conventional conductivity electrode. (APHA 2510 B -
Modified - Auto-titrator - Online edition).

Samples analysed as received by potentiometric titration. (APHA 2320 B Online edition).

Analysis by lon exchange chromatography following sample filtration. (APHA 4110 B - Online
edition).

Analysis by lon exchange chromatography following sample filtration. (APHA 4110B - Online
edition).

Calculated from oxidised nitrogen and Nitrite-N, measured colourimetrically by flow injection
analysis. (APHA NO,. I. Online edition)

Samples filtered and measured colourimetrically by flow injection analysis. (APHA 4500-P G -
Modified - Online edition)

Samples filtered and measured colourimetrically by flow injection analysis. (APHA 4500-NH; H -
Modified - Online edition).

Samples were analysed as received by the laboratory using ICP-MS following a 0.45um membrane
filtration (except when field filtered). In house procedure based on US EPA 200.8.

Sum of milliequivalents/Litre of measured Anions.
Sum of milliequivalents/Litre of measured Cations.

Samples analysed as received by combustion analysis at 850°C. Organic carbon is calculated
through subtraction of inorganic carbon from total carbon (APHA 5310 B - Online edition)
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1. Introduction

1.1 Background

Existing Otago Regional Council (ORC) resource consents for the operation and management of the Green Island
Landfill (the Site), expire in October 2023. It is understood that Dunedin City Council (DCC) is considering options
for disposal of waste beyond this date, and eventual closure scenarios for the Landfill.

The Green Island Landfill (the Site) is a municipal landfill facility situated on Taylor Street, to the west of Brighton
Road, approximately 10 km southwest of the suburb of Green Island and central Dunedin. A Site Location Plan is
provided as Figure 1, overleaf.

GHD Limited (GHD) has been engaged, as part of a wider project to prepare planning documents for application to
consent future landfilling and closure, to undertake a review of the history of landfilling at the Site and an
assessment of the contamination status of soil recovered during drilling works being undertaken as part of a
concurrent GHD geotechnical investigation. The geotechnical investigation was focused on the perimeter of the
landfill, with boreholes located mainly around the leachate collection drain / access track area. Further details of
borehole locations are provided in Section 4 of this report.

The findings of this report will provide contaminated land status context for both the geotechnical and
hydrogeological assessment repots and help inform the design report and consenting process.

1.2  Purpose and Scope of the Environmental
Assessment

The purpose of this piece of work is to improve the understanding of the history and extent of landfilling at the Site
and assess soil contaminant status in the geotechnical investigation boreholes. This work helps inform the
technical reports being prepared as part of the Site’s continued operation and closure works and consent
application strategy.

The following scope of works was undertaken:

— Areview of historical aerial photographs for the Site sourced from Retrolens and DCC.

— Areview of historical site investigation reports, Site plans, and compliance reports for the Site.

—  Collection of samples from soil cores retrieved during the GHD geotechnical investigation.

—  Submission of selected samples to the laboratory for analysis of identified contaminants of concern.

—  Comparison of analytical results to adopted guidelines and standards.

—  Preparation of a report outlining the history and extent of landfilling at the Site and discussing the findings of
the site investigation.

1.3  Assumptions

GHD has made the following assumptions during the preparation of this report:

— Information obtained from third parties and DCC is complete and accurate.

—  That the Site will remain in commercial / industrial land use until closure and thereafter will be used for
recreational purposes.

GHD | Dunedin City Council | 12547621 | Green Island Landfill 2



Figure 1: Site Location Plan — Green Island Landfill
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1.4 Limitations

This report: has been prepared by GHD for Dunedin City Council and may only be used and relied on by Dunedin
City Council for the purpose agreed between GHD and Dunedin City Council as set out in Section 1 of this report.
GHD otherwise disclaims responsibility to any person other than Dunedin City Council and Council officers,
consultants, the hearings panel and submitters associated with the resource consent and notice of requirement
process for the Green Island Landfill Closure Project arising in connection with this report.

GHD otherwise disclaims responsibility to any person other than Dunedin City Council arising in connection with
this report. GHD also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed
in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered and
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this
report to account for events or changes occurring subsequent to the date that the report was prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD
described in this report (refer section(s) 1 through 7 of this report). GHD disclaims liability arising from any of the
assumptions being incorrect.

The opinions, conclusions and any recommendations in this report are based on information obtained from, and
testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be
different from the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as the
location of buildings, services and vegetation. As a result, not all relevant site features and conditions may have
been identified in this report.

Site conditions (including the presence of hazardous substances and/or site contamination) may change after the
date of this Report. GHD does not accept responsibility arising from, or in connection with, any change to the site
conditions. GHD is also not responsible for updating this report if the site conditions change.

GHD has prepared this report on the basis of information provided by Dunedin City Council and others who
provided information to GHD (including Government authorities), which GHD has not independently verified or
checked beyond the agreed scope of work. GHD does not accept liability in connection with such unverified
information, including errors and omissions in the report which were caused by errors or omissions in that
information.
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2. Site Description

2.1 Site setting

The Green Island Landfill (the Site) is a municipal landfill facility situated on Taylor Street, to the west of Brighton
Road, approximately 10 km southwest of the suburb of Green Island and central Dunedin. The facility is currently
managed and operated by Waste Management Ltd., on behalf of DCC who own the landfill.

The Site is located in a reclaimed wetland area within the Kaikorai Estuary, which is part of the larger Kaikorai
Catchment; a 55 km? area bounded by the Kaikorai Stream and Abbots Creek and the topography of Chain Hills,
to the northwest and north, Kaikorai and Round Hills to the north and northeast and Saddle Hill, to the west.

The Kaikorai Stream historically ran through the Site but was later diverted along the western boundary of the Site
to run in a southwest and southerly direction, towards the Kaikorai Lagoon and ultimately the sea. The stream
forms the northern and western limits of the landfill before flowing into the Pacific Ocean near Waldronville.

The landfill is approximately 38 hectares in size and is delineated by the legal descriptions in Table 1 below.

Table 1: Legal Descriptions for Green Island Landfill

Legal Descriptions

Pt Secs 44 and 45 Green Island Bush SD
Secs 54-55, 63, 65 Block VII
Section 119 Block VII Dunedin and East Taieri SD

Several activities are currently being undertaken within the boundaries of the landfill including municipal waste
disposal, compost production, liquid waste and sludge disposal alongside the operation of a waste transfer station
and a recycling centre. A Site layout plan is presented as Figure 2, overleaf.

As can be seen on Figure 2, the working face is currently located towards the centre-south of the landfill, the
composting area is located near the eastern boundary and the waste transfer station and recycling station in the
north-eastern portion of the landfill. Landfilling is complete over the northern and eastern portion and continues
over the remainder of the Landfill.

A network of landfill gas collection wells is installed at the landfill. Additional wells have been installed over time
with the development of the landfill. The configuration of the wells changes over time to allow for improved gas
collection and collection of gas from areas of new waste. The gas is piped to the Green Island Waste Water
Treatment Plant (GIWWTP) for use in the generation of electricity.

A leachate collection trench runs around the perimeter of the northern, western and southern boundaries of the
Site. An access track is generally aligned over the top of this trench along much of its length.

Two stormwater sedimentation ponds are located on the landfill, one on the southwestern site boundary (West
Pond) and one on the northeast site boundary (East Pond), see Figure 2 overleaf.

2.2 Contaminated land (HAIL) status

The requirements of the Resource Management (National Environmental Standard for Assessing and Managing
Contaminants in soil to protect Human Health) Regulations (NESCS, 2011) applies when a selected activity on a
piece of land where an activity or industry on the Ministry for the Environment (MfE) hazardous activities and
industries list (HAIL) is, has, or is more likely than not to have occurred. Activities such as soil disturbance,
subdivision and change in land use are regulated by the NESCS

The Site is known to be part of a landfill and as such is categorised as having HAIL activity G3 (landfill sites)
occurring on it.
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Figure 2: Site layout Plan
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3. Landfill History

3.1 Site history

A landfill has been present on the eastern side of the Kaikorai Estuary since 1954. It is understood that waste
filling began on the eastern side of the upper Kaikorai Estuary and by the late 1970s, the Site had become the
main landfill for Dunedin.

Unregulated and uncontrolled landfilling occurred at the Landfill until the 1980s, when DCC began to manage
waste disposal activities through a national planning approach for the area. The landfill was granted resource
consents under the RMA in 1994 and a combined leachate interception trench and collection system was
constructed at the Site. This comprised nine (9) pump stations interconnected via a gravel-filled trench with an in-
built perforated collector drain located around the landfill toe and was retrofitted around the majority of the
perimeter of the landfill.

This pump network is set up to maintain a hydraulic gradient towards the trench, minimising the amount of
leachate migrating beyond the interceptor trench. The trench is not currently present along the southern
boundary of the landfill, between MWO and PS9, as shown on figure 006116-19-01 Green Island Landfill —
Leachate collection and environmental monitoring system, 2004, included in Attachment A. A stormwater
interception ditch is located along this boundary which is channelled towards pump station PS1. This gap in the
system ws to allow planned placement of waste over this area. In the last few years DCC have decided not to
place waste in this area The interception trench allows for the leachate to be collected and discharged to the
Green Island WWTP, via a pipeline, located to the southwest of the landfill.

A network of groundwater / leachate monitoring wells was installed in a series of lines crossing perpendicular to
the interception trench, to monitor groundwater / leachate levels across the trench to confirm hydraulic
containment of the shallow groundwater. This network consists of both shallow and deep monitoring wells and
each line is located approximately halfway between each pump station.

A schematic cross section plan of the landfill and the location of the leachate collection drain and monitoring well
arrangement is presented in Figure 3 below and in figure 006116-19-01 included in Attachment A.
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Figure 3: Schematic cross section through an example monitoring well line and the leachate collection trench (Source DCC
Landfill Annual Survey Plans — July 2004 Sheet No. G11).
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An HDPE liner was historically placed between the leachate interception trench and the Kaikorai Stream to
minimise flow from the stream and groundwater migrating eastwards towards the landfill. During this time (HDPE
liner placement), a clay bund was also installed around the site boundary to contain both the landfill (deposited
waste) and leachate.

3.2 DCC Reports and Plans

A selection of reports provided to GHD by DCC have been reviewed to understand the history of the landfill and its
evolution. These are discussed in the following sections.

3.21 Beca Steven EIA

In 1992 Beca Steven prepared an Environmental Impact Assessment' (EIA) report for the landfill. This report
states the following:

Section 4.1.2 The Site

In 1954, an industrial landfill was started on the eastern side of the upper Kaikorai Estuary. At the time, the
Kaikorai Stream was still seriously contaminated from industrial dumping, storm water runoff and household waste.
There was little thought given to the impact that such an activity might have on the wetland environment in the
vicinity, although much of the wetland area was farmed. The same reasons that made the area ideal for industrial
development (i.e. close to the city but out of the Otago Harbour catchment), also made it ideal as a refuse site. In
the early years of the landfill, as was common practice around the country, little attention was paid to what was
dumped or buried on the site.

By the late 1970s Green Island had become the main landfill for all of Dunedin, taking in an average of 58,000
tonnes of refuse annually.

Currently the landfill at Green Island and the adjacent private Maxwell's landfill just across the Kaikorai Stream
(started in 1968) cover over 30% of the total estuarine landscape of the valley to a maximum depth of 10 metres.
Adjacent to the Green Island Landfill the Kaikorai Stream has been channelled behind bunding for the purposes of
the drainage and protection of farmland. One consequence of this has been that the bunded areas form in effect
oxidation ponds helping to control and treat leachates.

Section 4.2.2 Existing Features of the Site

The Green Island landfill is situated at the head of the Kaikorai Estuary and is separated by a bund constructed of
in situ materials from the Kaikorai Stream. The photograph in Figure 4.2 (see below) shows the position of the site
within the locality (Maxwell's landfill is to the left and Green Island DCC landfill to the right).

" Beca Steven (1992) Environmental Impact Assessment of the Extended Green Island Sanitary Landfill. October 1992.
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The site itself is essentially a flat area on top of a raised platform. The flat area presents an untidy appearance due

to the presence of windblown rubbish over much of the site and the limited "finishing" of the filled areas which has
taken place.

The primary uses of the site are for refuse processing and disposal by land filling.

A prominent use of the site is the stockpiling of car bodies prior to periodic shipment to Auckland for scrap metal
recovery.

Section 4.3.4 Refuse Acceptance Policy

Normal domestic and commercial wastes are accepted automatically and whether they contain hazardous or
special wastes is left to the disposer to identify, although the landfill operator can inspect any load if there is
reason to suspect the material may contain special or hazardous wastes.

Routine special wastes such as dead animals and small volumes of offal are accepted and disposed of by burying
at the toe of the landfill.

Section 4.3.6 Surface Water Management

Streams and watercourses approaching the site are diverted around it - one to the south of the landfill which runs
outside the southern bund, and one which is channelled down the eastern side of the landfill and discharged to
Kaikorai Stream. The watercourse to the east is not well separated from the landfill and contamination of it by
leachate occurs over the lower reaches.

Surface water from the area of the completed existing landfill is collected in channels and discharged away from
the face. However many of the channels are not well formed or graded, and are affected by landfill settlement.
While collecting and preventing some surface water from entering the landfill they are not totally effective.
Nevertheless the upper levels of the landfill are relatively dry.

None of the upstream catchments to the south and east are sufficient in size to generate large flows and the
opportunity for them to flood the site is virtually non-existent.
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To upgrade stormwater control for the existing landfill operation at Green Island, the following mitigating works
were recommended in the Existing Green Island Landfill EIA:

e  Constructing and operating two sedimentation ponds within the landfill site
e  providing a system of surface drains to safely convey stormwater within the site.

e  providing for the safe conveyance of stormwater around the site without causing erosion of streambanks
or the landfill. This is incorporated in the proposed construction of the outer perimeter face.

e implementing sound sediment control practices.
e conducting a monitoring programme on the discharge from the sedimentation ponds.

Section 4.3.7 Leachate and Groundwater controls

As described in the Existing Green Island Landfill EIA the recommended method of collecting leachate
contaminated groundwater is in a gravel filled trench around the landfill perimeter with a perforated collector drain.
Pump stations at about 200m spacing will draw down the groundwater table so that an inward hydraulic gradient is
formed. Leachate contaminated groundwater from under the landfills will be intercepted by the trenches which will
also draw water from the stream side and the discharge will be piped to the Green Island Wastewater Treatment
Plant.

However, because the contamination of groundwater has most likely been confined to the immediate vicinity of the
landfill little has travelled beyond the bunded area as evidenced by the water testing carried out to date. No
groundwater wells are used in the area. The improved groundwater quality after collection of the leachate, will not
be a noticeable benefit in itself, but indirectly will improve the Kaikorai Stream by preventing leachate discharge to
it.

Summary
The following is understood:

—  Development of the landfill was ad hoc for two to three decades before a proper management plan was put in
place.

—  Municipal, commercial / industrial, and special and hazardous waste were accepted at the landfill.

—  Prior to the installation of the leachate collection trench in 1994, there was very little historical control of
leachate collection or discharge and as such leachate was discharging into the Kaikorai Stream.

—  Prior to the construction of the sedimentation ponds, stormwater management was historically very limited.

— The stream is contaminated, as is much of the catchment, due to historical commercial and industrial
activities upstream of the Site.

3.2.2 Trench installation report

According to the Green Island Landfill Leachate Trench Geological Report?, the landfill was developed in the upper
reaches of Kaikorai Estuary without modern liner and drainage systems beneath the waste and fill to control
leachate migration to the underlying sediments and groundwater.

In 1994, a 1,757 m long, gravel filled trench was constructed around most of the perimeter of the landfill to
intercept groundwater and leachate flowing from the site. Pumps were installed in the trench to collect leachate /
groundwater from the trench and to maintain a hydraulic barrier to manage discharge of leachate to the
surrounding environment.

This Report included photographs and stratigraphic logs describing the soil conditions encountered during the
trench excavation. An assessment of stratigraphy in this report observed that landfill refuse and/or fill material was
the upper most material at 41 of the 76 locations logged and that the maximum thickness of landfill material
observed was 2.6 m. The figure with locations of the soil logs was not included in the document, however the
locations of the different trench profile logs can be interpreted from their position in relation to individual pump
station, manhole and air vent locations.

2 Green Island Landfill Leachate Trench Geological Report, Barry J. Douglas Geological Consultants, August 2002
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A summary of the locations of where landfill material was encountered, its thickness and composition is provided
in Table 2. Please refer to Figure 006116-19-01 in Attachment A for trench profile locations (logs).

Table 2: Landfill material location, thicknesses and composition

Location Thickness of landfill |[Comments

(m)

Earthfill intermixed with bricks and
shells, black leachate stained refuse

6m north of PS3

33m north of PS3 0.1 Earthfill intermixed with refuse
MH3 1.5 Earthfill and mixed refuse
29m north of MH3 1.6 Mixed refuse

36-42m north of MH3 2 Mixed refuse

17-18m south of PS4 0.8 Mixed refuse

30.5m north east of PS4 1.4 Mixed refuse

38m north east of PS4 1.25 Mixed refuse

42m west of AV4 21 Mixed refuse

0.5 west of AV4 2.6 Mixed refuse

AV4 2.6 Mixed refuse

4m east of AV4 0.65 (north wall) Landfill
2.6 (south wall)

13m east of AV4 0.5 Brown earthfill intermixed with refuse

32m east of AV4 Landfill removed during and after
trench construction

36m east of PS5 0.4 Intermixed refuse and earthfill
49m east of PS5 0.3 Brown earthfill intermixed with refuse
MH6 2.0 Landfill

Beneath access road ~6.0 Mostly earthfill with minor intermixed

(46m north west of PS7) Rl
(this material was placed in the
1970’s-1990’s period)

40m north west of PS7 3.75 Mostly earthfill with minor intermixed
solid rubble
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w

19m north west of PS7 1.1 Earthfill

)]

19m south east of PS7 1.6 Mixed refuse

®»

30m south east of PS7 1.6 Mixed refuse

~

49m south east of PS7 0.95 Earthfill and refuse (coke, sawdust,
vegetation)

oo

50m north of MH7 0.95 earthfill

©

27m north of MH7 1.5 Earthfill and black refuse

4-5m north of MH7 1.6 Black refuse

MH7 1.2 Black refuse

N

34.7m south of MH7 1.6 Intermixed earthfill and refuse

w

18m north of PS8 1.75 Earthfill and refuse

N

7-8m north of PS8 1.5 Mostly earthfill mixture of sandy and
muddy sediments

28m south of PS8 2.45 Mostly brown earthfill

48m south of PS8 2.4 Mixed refuse

~

60.5m south of PS8 1.9 Landfill

MH8a 2.35 Landfill

40m west of MH8a 1.95 Intermixed earthfill and refuse

o

64m west of MH8a 2.1 Intermixed earthfill and refuse

MHS8 1.7 Intermixed earthfill and refuse

N

16m north of PS9 0.95 Earthfill (Landfill)

IN

N a -

27m north of PS9 1.3 Earthfill (Landfill)

[6)]

37m north of PS9 1.4 Earthfill (Landfill)

)

55m north of PS9 (end of trench) |1.45 Earthfill (Landfill)

Notes:

PS — Pump station
MH — Manhole
AV - Air vent
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As can been seen for the above table, refuse material is present on the outside of the leachate collection trench
from north of pump station PS3 on the western side of the landfill, to Manhole MH8 on the eastern side of the
landfill. The greatest thickness of material was present between Pump station PS4 through to Air vent AV4.

3.2.3 Landfilling contour plan

GHD reviewed a figure depicting the estimated locations of the tip faces at the landfill from 1964 to 2001. This plan
has been provided to GHD by DCC and its provenance is unknown, though is likely hand drawn based on aerial
photographs review and site history knowledge of previous site managers.

In general, this figure supports other documents and photographs reviewed, in that it shows landfilling operations
starting in the southeast portion of the site and advancing to the north and west over time. The historical tip faces
appear to be estimates, and the figure does not show landfilling activities outside of the leachate trench. A copy of
this figure is included in Attachment A. The historical placement of waste pre installation of the leachate
interception trench is discussed further in Section 3.4.

3.24 Masterplan 2021
A landfill gas (LFG) masterplan for the landfill was prepared by Tonkin and Taylor in 20213,

The report states that in July 2020, there was approximately 4.8M tonnes of waste in the landfill. The history of
landfilling at the landfill is summarised in Table 3. The purpose of including this history was to understand the
potential generation of landfill gas from historically placed waste. Although the landfill was operational since 1954,
tonnage data was first recorded in 1964.

Table 3: Landfilling history (source — Tonkin and Taylor Landfill gas masterplan report (2021))

Filling Average fill | Description Capped LFG extracted

period depth (m)

1954 - 1976 6m 87600 m? area to This area has been capped with No
the east of the hardfill, soils and topsoil.
current filling area. | This area is currently utilised as the

transfer station and other logistical
activities associated with the site.

1977 - 1992 9m 119,300 m? area in This area was capped with Yes, existing
the centre of the intermediate soil cover. Filling over wells
site. the cover material recommenced in

2002.

1993 - 2001 9m 72,500 m? area in This area is capped with No
the western part of intermediate soil cover. Extraction is
the site. proposed as

part of future
filling in this
area.

2002 - 2020 12m Filling recommenced | No final capping installed yet, Yes
in the central part of | intermediate cover in place for
the site in 2002 and | completed areas. Final capping
was continuing in currently being designed by others,
late 2020. including 600 mm low permeability

soil layer and topsoil layer on top of
an intermediate cap layer.

The report states that the landfill has received a mix of municipal waste, commercial and industrial waste, and

construction and demolition waste.

This report does not provide a plan showing the extent of the landfilling.

3 Tonkin and Taylor (2021)Landfill Gas Masterplan, Green Island Landfill. Job number 1008787.5010.v2. Dated May 2021.
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3.3 Historical Aerial Photographs

As part of this report a review of historical aerial photographs from the online repository Retrolens was conducted
to assess the landfilling sequencing and historical extent of the landfill.

In general, this review shows that landfilling began at the site before 1958. Landfilling then progressed from the
southeast portion of the current property to the north until the eastern portion of the property was covered with fill
by 1967. From there, filling advanced northwards and to the west over time. The approximate current landfill
footprint was filled by 2000. The 2013 aerial photograph generally shows the Site in its current configuration.

In addition to the aerial photographs obtained from Retrolens, DCC provided GHD with aerial photographs of the
Site from 1994 and 1999. These two aerial photographs are of a higher resolution than those obtained from
Retrolens. A summary description of the aerial photographs reviewed is provided in the following sections.

GHD | Dunedin City Council | 12547621 | Green Island Landfill
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3.31 1942 Aerial Photograph

No evidence of landfilling is apparent in the 1942 aerial photograph. There is land disturbance evident on the
southern boundary, possibly winning material from the hillside for creation of vehicle access to the stream-edge to
construct boundary drains.

There appears to be a drain / trench that runs on the inside of the Kaikorai Stream and continues around the
boundary of the existing landfill property. There also appears to be another drain or fence which crosses the Site
diagonally from northwest to southeast across the wetland.

A raised spur can be noted on the southern site boundary.

Boundary Drain

DRSS Drain / Fence
¥ LoRE

\‘x.
B Area of land disturbance

(Source — Retrolens)
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3.3.2 1947 Aerial Photograph
No evidence of landfilling is apparent in the 1947 aerial photograph.

It can be noted that there appears to be a spur of raised ground in the southern portion of the Site with trees at the
top. It appears that this portion of the Site increases in height towards the west.

(Source — Retrolens)
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3.3.3 1958 Aerial Photograph

There appears to be an access road into the future landfill at the southeast corner of the current facility. At the end
of the access road, it appears that landfilling or initial site development has commenced at the site. It is likely that
the area on the southern boundary is being raised / built up to create a road to allow access into the landfill.

(Source — Retrolens)
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3.34 1962 Aerial Photograph

Landfilling has extended westwards along the southern boundary. A structure, maybe a containment bund, is
present on the northern boundary of the landfilling area.

(Source — Retrolens)
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3.3.5 1970 Aerial Photograph

Landfilling has continued on the southern boundary of the site and has extended to the north to the edge of the
boundary drain. The area of the higher spur of land from the 1940’s and 1950’s is clearly obvious as a different
colour (lighter) along the southern boundary, indicating that this area continues to be used as a source of soil
material used during landfilling works.

The southeast corner of the landfill (where filling began) has vegetation growing on it, indicating that filling in that
area was complete by 1970.

Raised spur area -
likely source area
for soil to be used
on the landfilll

(Source — Retrolens)
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3.3.6 1978 Aerial Photograph

Landfilling continues to the north, west and to the northwest. Along a portion of the northern boundary of the
landfill , fill has been deposited as far as the inner drain and appearing to infill it. Again, the area of the higher spur
of land , visible in the 1940’s photographs, appears to have soil disturbance activities being undertaken on it and
likely continues to be used as a source area for soil to be used during landfilling activities (cover material etc.).

A portion (southern) of the drain that ran northwest to south east across the Site has been infilled.

Landfiling extending
' beyond boundary drain

Approximate extent of
active land filling area

Spur area

(Source — Retrolens)
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3.3.7 1985 Aerial Photograph

Filling appears to have progressed north-eastwards across the footprint of the landfill area, with minimal expansion
to the west. Waste appears to be have infilled the boundary drain along the central portion of the northern
boundary and likely extend beyond it towards the Kaikorai Stream in isolated areas.

Maxwell’s Landfill is present on the opposite side of the Kaikorai Stream.

Landfilling extending to
Landfilling extending boundary drain
slightly beyond the

boundary drain

| WU

Approximate extent of
active landfilling area

Maxwell's Landfill

(Source — Retrolens)

GHD | Dunedin City Council | 12547621 | Green Island Landfill 21



3.3.8 1990 Aerial Photograph

The access road was moved to the northern portion of the Site since 1985. Areas of revegetation are visible on the
southeast portion of the site. Fill has expanded to the west especially in the northern half of the landfill. It appears
that the boundary drain has been infilled further westwards along the northern boundary with evidence of soil
disturbance / landfilling on the northern side of it in one area.

Soil disturbance /

Landfilling extending
beyond boundary drain

Maxwell's
Landfill

(Source — Retrolens)
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3.3.9 1994 Aerial Photograph

In the 1994 aerial photograph, an access road has been constructed around the northern and western boundary of
the Site (along Kaikorai Stream). This access road generally follows the current leachate interceptor trench.
Access to the Site is from the east into the northeast corner of the Site, which is the current configuration.

Active filling at the landfill appears to have been concentrated on the western portion of the site and particularly
onto the wetlands at the southwest corner. Several support buildings appear to have been built since 1990.
Revegetation is ongoing in the southeast quadrant of the site.

It appears that that access track / leachate collection trench has been constructed along the western and northern
boundaries. The trench / drain which had run along the southern boundary has been infilled.

It appears that the Eastern and Western sedimentation ponds are under construction and that the north-eastern
and south-eastern ponds have been construction.

Date Flown 13.12.94
Scale 1 : 4000 (Approx)

Boundary access road

'
) \

\X_ 8 Eastern sedimentation
’ \ i
o

Northeastern
pond

Approximate extent of
sedimentation pond active landfilling area

|

-

(Source — DCC)
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3.3.10 1999 Aerial Photograph

In the 1999 aerial photograph, it appears that the landfill footprint has expanded to include most, if not all, of the
current footprint.

The weighbridge has been built in its current location along the main access road to the site.

Active filling is concentrated at the southeast corner and along the central southern boundary of the site.
Revegetation is ongoing across much of the site (including the central, eastern and western portions) indicating
that active filling is not being undertaken in these areas for some time. Wind-break planting has been established
on the northern and western boundary of the landfill.

There appears to be a landfill gas collection network under construction or use in the northern and part of the
western portion of the site.

Green Island Landfill
Seale 1:5000 P

Date 18-3-1999

Landfill gas
collection areas

Composting
areas

) d "y -
7
1 Approximate extent of
4 active landfilling area

(Source — DCC)
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3.3.11 2013 Aerial Photograph

By 2013, the Site is generally in its current configuration. The resource recovery facility / transfer station, wind
break planting, the access track (and interceptor trench), and the compost facility are all visible in this aerial
photograph. Landfilling appears to be active in the northern portion of the Site. The area of capping completed in
2009 / 2010 is noticeable as vegetated (green) in the southeast corner of the landfill, as is an area of capping
underway at that time immediately adjacent to the west.

Weighbridge

Transfer station and
facilities buildings

(Source — Retrolens)
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3.4 Landfilling extent

A review of the available historical aerial photographs and leachate collection trench construction report indicates
that waste is present on the outside of the leachate collection trench in places, with waste up to 6 m thick on the
north eastern boundary in a short section (approximate 20-40 m length). Generally, the thickness of the waste is
less than 2.6 m in other areas, and averaging 1.63 m depth over the other 40 locations mapped from the log.

The aerial photographs (1978 and 1982) indicate that landfilling activities likely extended very close to the edge of
the Kaikorai Stream banks along the northern boundary with some waste placement also likely to having occurred
in these areas. The likely extent of the landfilling is shown on Figure 4, overleaf.
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4, Site works

Field work was carried out in compliance with the project specific Job Safety and Environmental Analysis (JSEA)
plan. All site investigation staff were inducted to the Site by Waste Management Ltd, the operators of the landfill.
Environmental sampling was undertaken between 1 November and 9 November 2022, comprising the following:

— A GHD environmental scientist was on site to assess and sample soil from eight boreholes installed as part of
the geotechnical investigation (BH-100 through BH-104, BH-107, BH-108 and BH-111).

— A GHD environmental scientist was on site for the installation of monitoring wells in boreholes BH100, BH-
101, and BH-104.

—  Soil samples from boreholes BH-102, BH-103, BH-107, BH-108 and BH-111 were collected from core boxes
by a GHD environmental scientist. The remainder of the samples were collected during the drilling of BH-100,
BH-101 and BH-104.

—  Collection of 26 original and 2 duplicate soil samples from the above-mentioned boreholes. Samples were
collected from multiple depths in each borehole. The sample depths were chosen based on an assessment of
the soil by a GHD environmental scientist.

A site investigation points location plan is presented as Figure 5, overleaf.

As the Site is a known piece of contaminated land, a land use consent was required to drill and install the
boreholes. Resource consent RM21.467 (to drill 17 investigation sites on contaminated land for the purpose of
geotechnical investigation) was granted by ORC to DCC to undertake these works on 10t October 2021.

Prior to breaking ground, subsurface utilities clearance was undertaken by a specialist contractor (Fulton Hogan),
using both a Cable Avoidance Tool (CAT) and Ground Penetrating Radar (GRP) at all borehole locations. A
Ground Penetration Permit to Work was issued by an authorised GHD permitter.

Logging of the material encountered during drilling was undertaken by a GHD geotechnical engineer in
accordance with NZ Geotechnical Society (2005) field description of soil and rock. Borehole logs are included in
Attachment B.
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4.1 Soil sampling methodology

The geotechnical investigation was mainly focussed on the peripheries of the landfill to better understand
liquefaction potential of the material present in these areas. Consequently, the environmental investigation was
limited to the assessment of the material collected during the drilling works in these areas.

Environmental soil samples were collected from a total of eight boreholes at multiple depths at each borehole to
target different depths and lithologies to gain an understanding of the material present. GHD collected two
duplicate samples for quality control and assurance purposes.

Soil samples were collected in accordance with standard GHD procedures. Samples were placed directly into
laboratory supplied containers and then placed in an iced chilly bin and couriered to ALS - Analytica Laboratories
under standard GHD Chain of Custody (CoC) procedures. Due to capacity issues at Analytica Laboratories, a
portion of the polycyclic aromatic hydrocarbon and semivolatile organic compounds analysis was subcontracted to
Eurofins Environmental Testing NZ Limited (Eurofins).

A total of 26 primary soil samples were selected for analysis. Based on the historical land use and observations
made during sampling, selected soil samples were analysed for the identified contaminants of concern as follows:

—  Heavy metal suite (arsenic, beryllium, boron, cadmium, chromium, copper, lead, mercury, nickel and zinc) x26
samples

—  Polycyclic Aromatic Hydrocarbons (PAHs) x23 samples

—  Semi Volatile Organic Compounds (SVOCs) x13 samples

—  Total Petroleum Hydrocarbons (TPH) x1 sample

— Asbestos in soil (presence/absence) x18 samples

— Asbestos in soil (semi-quantitative) x1 sample

—  Ammonia — x8 samples

—  Two duplicate samples, one of which was analysed for heavy metals and PAHs and the other was analysed
for heavy metals only.

4.2 Field Observations

Solid waste and/or fill material was encountered in all eight of the boreholes that were sampled as part of this
environmental assessment.

Boreholes BH-100 to BH-104, which were installed on the perimeter of the known landfill area, contained fill and/or
solid waste to depths up to 3.95 metres below ground level (m bgl). Boreholes BH-107, BH-108 and BH-111 were
installed on the landfill and contained fill to at least 7.5 m bgl, 11.2 m bgl and 4.6 m bgl respectively.

A summary of the borehole locations and the thickness of fill is provided in Table 4 below. Further details can be
found on the borehole logs in Attachment B.

Table 4: Borehole locations and fill thicknesses summary

Borehole|Depth of[Thickness of Fill / Waste (m) |Location

izBllol 12.95 . Inside / within the trench
BH-101 EEPASH) 1.3 Outside the trench
SIaEY(0 14.95 1.6 Inside the trench (Bund slope)

BH-103 ERENES 1.2 - 1.5 (Core loss) Outside the trench
BH-104 ECESH] 3.95 - 4.5 (Core loss) Inside the trench
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20.0 7.5 Northern portion of landfill
(Inside trench)

SIaEM(OE 20.85 11.2 - 13.5 (Core loss) Southern portion of the Landfill

SIEYNMIN 19.95 4.6 — 5.5 (Core loss) Inside the trench — former tyre
storage area

A Photo-ionisation detector (PID) was used to screen soil samples for volatile contaminants at all locations, with
the exception of borehole BH-100. PID measurements are included in Table 6. It should be noted that some of the
PID readings were collected during drilling works while the others were measured during the collection of soil
samples from core boxes. For the samples that were collected from the core boxes, the measured PID values are
likely lower than what would have been measured if the samples were collected during the drilling works, as the
loss of volatiles would likely have occurred over the storage interval.
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Table 5: PID measurements

Borehole Name Date Depth PID reading Measured in field / Core box
(m bgl) (ppm VOC in headspace)
1 Nov. 2022 0.5 0.0
1 Nov. 2022 1.5 0.4
BH-101 In field
1 Nov. 2022 25 0.1
1 Nov. 2022 3.5 0.2
1 Nov. 2022 0.6 0.0
BH102 1 Nov. 2022 1.5 1.9
Core box
1 Nov. 2022 25 0.8
1 Nov. 2022 3.5 0.0
BH-103 1 Nov. 2022 0.2 0.0
1 Nov. 2022 12 0.1 Core box
1 Nov. 2022 25 0.0
9 Nov. 2022 0.5 0.9
BH-104 9 Nov. 2022 1.0 17.4 In field
9 Nov. 2022 2.0 1.7
1 Nov. 2022 0.5 0.0
BH-107 1 Nov. 2022 15 0.0 Core box
1 Nov. 2022 25 0.0
9 Nov. 2022 0.5 0.9
BH-108 9 Nov. 2022 1.9 2.0 Core box
(core collected earlier that day)
9 Nov. 2022 3.3 27.9
7 Nov. 2022 0.5 14
7 Nov. 2022 1.5 7.2
BH-111
7 Nov. 2022 2.0 5.0 Core box
7 Nov. 2022 3.0 3.9
7 Nov. 2022 3.2 2.1

Note: ppm VOC — parts per million Volatile Organic Compound
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5. Regulatory Context

5.1 Applicable Soil Contaminant Standards

511 The National Environmental Standard for Assessing and Managing
Contaminants in Soil to Protect Human Health

The User’s Guide: National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect
Human Health (MfE, 2012) 4 details Soil Contaminant Standards (SCSs) for seven inorganic substances and five
organic compounds (or groups of compounds). SCSs are available for these substances and compounds when
present in land used for five land use scenarios. The contaminants analysed at this site for which SCSs are
available are arsenic, cadmium, chromium, copper, lead, mercury, DDT (Dichlorodiphenyltrichloroethane) and
benzo(a)pyrene equivalent (BaP). The NESCS applies to a “piece of land” on which a HAIL activity has occurred
or is currently occurring.

The land use category selected for the purposes of this investigation was Commercial / Industrial and is described
in the NESCS User Guide as “Commercial / Industrial site with varying degrees of exposed soil. Exposure of
outdoor workers to near-surface soil during routine maintenance and gardening activities with occasional
excavation as part of maintaining subsurface utilities. Also, conservatively applicable to outdoor workers on a
largely unpaved site”.

Because the landfill area may, at some point in the future, be used for recreational purposes (eg.as a reserve or
park), a Recreational land use scenario was also considered. The NESCS User Guide describes Recreational land
use as “Public and private green areas and reserves used for active sports and recreation. This scenario is
intended to cover playing fields and suburban reserves where children play frequently. It can also reasonably
cover secondary school playing fields but not primary school playing fields.”

These land-use exposure scenarios have been adopted for screening purposes to include potential receptors
including site workers during any future construction works, current and future users of the Site and ongoing
maintenance / excavation workers at the site.

The intention of the NESCS is the protection of human health from contaminated land and the appropriate
assessment of the risk to human health prior to the undertaking of the regulated activities (e.g. Soil disturbance or
land use change).

If the investigation demonstrates that the contaminants tested are at, or below, screening criteria concentrations,
the regulations of the NESCS will not apply should any of the regulated activities be undertaken over the Site.

NESCS SCS criteria adopted for the Site are presented in Table 1 through to Table 3 in Attachment C.

5.1.2 Health and Safety at Work (Asbestos) Regulations 2016

The management and/or removal of asbestos in soils is regulated under the Health and Safety at Work (Asbestos)
Regulations 2016° (Asbestos Regulations). However, the Asbestos Regulations do not provide guidance regarding
the definitions of what constitutes an asbestos contaminated site, in particular, with regard to soil. Rather, the
Regulations simply states that the Asbestos Regulations apply where a competent person advises that the
disturbance and/or removal of soil is likely to lead to airborne contamination at a level that exceeds trace
concentrations.

4 Ministry for the Environment, 2012. Users Guide: National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect
Human Health. Wellington: Ministry for the Environment

5 Health and Safety at Work (Asbestos) Regulations 2016 (15 February 2016) made under sections 24(1) (m), 211, and 218 of the Health and
Safety at Work Act 2015
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The New Zealand Guidelines for Assessing and Managing Asbestos in Soil (BRANZ Guidelines 2017)

The BRANZ Guidelines 2017¢ provide a methodology to ensure that management of asbestos in soil meets
regulatory requirements and an acceptable level of managed risk. This methodology is consistent with the MfE
CLMG’s for New Zealand and the NESCS for the assessment of asbestos in soil.

If asbestos is detected in soils using a laboratory presence/absence test, the BRANZ Guidelines 2017 then
provides an additional guidance for further soil sampling and criteria for the definition of whether the removal of
such material is considered licenced asbestos removal (Class A or B), asbestos-related-works or unlicensed works
under the Asbestos Regulations.

The adopted asbestos criteria are presented in Table 6 in Attachment C.

5.2  Other applicable Human Health Standards

For contaminants of concern that are not listed as priority contaminants, the NESCS references the Contaminated
Land Management Guidelines No. 2: Hierarchy and Application in New Zealand of Environmental Guideline
Values (CLMG No.2) to provide guidance.

In the absence of New Zealand risk based human health criteria for certain contaminants of concern, such as
nickel and zinc, the Australian National Environment Protection Measure 20137 (NEPM) Recreational (C) and
Commercial/Industrial (D) guideline values have been adopted for this investigation.

For TPH, naphthalene and pyrene, Tier 1 screening criteria from the MfE Guidelines for Assessing and Managing
Petroleum Hydrocarbon Contaminated Sites in New Zealand® have been selected. Tier 1 soil acceptance criteria
for Commercial / Industrial land use and Residential land use, All Pathways, Sand 1 - 4 m depth have been
adopted. As there are no recreational land use guideline values available, the residential values have been
adopted as a conservative screen for this pathway.

The adopted criteria are presented in Tables 1 through to 4 in Attachment C.

5.3 Background Soil Concentrations

Background soil concentrations of heavy metals for the Site were obtained from the Landcare Research (2015)
report?, Tables 13 through Table 15. The area of the landfill is classified as fill and as such does not have
background heavy metal concentrations derived. As material has been received at the Site from all over Dunedin,
the highest background value from each of the dominant adjacent geological units for each metal was adopted for
comparison purposes.

There are currently no published background soil concentrations for PAHs in Dunedin. As such, PAH values
established for Christchurch urban soils'® were adopted for comparative purposes only.

Background concentrations for OCP pesticides were taken from the following two documents:

— Landcare Research (2015). Background soil concentrations of selected trace elements and organic
contaminants in New Zealand. Table 21.

—  Ministry for the Environment (1998). Ambient concentrations of selected organochlorines in soils. Table F5.1 -
mean values.

The adopted criteria are presented in Table 1, Table 2 and Table 3 in Attahment C.

8 New Zealand Guidelines for Assessing and Managing Asbestos in Soil - Building Research Association of New Zealand (BRANZ), November
2017

" National Environmental Protection Council (NEPC) (2013). National Environmental Protection Measure (Assessment of Site Contamination)
as amended in 2013 Schedule B1, Health Investigation Levels (HIL) for soil contaminants.

8 Ministry for the Environment (1999, revised 2011). Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in
New Zealand. Module 4- Tier 1 Soil screening Criteria.

® Landcare Research (2015). Background soil concentrations of selected trace elements and organic contaminants in New Zealand

© Environment Canterbury, 2007, Background concentrations of polycyclic aromatic hydrocarbons in Christchurch urban soils. Report R07/19
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5.4 Otago Regional Council Regional Plans

The operative Regional Plan for Otago (Waste) was enacted in April 1997. Section 5 of this Plan details the
policies, methods and rules regarding Contaminated Sites. A contaminated site is defined as a site at which
hazardous substances occur at concentrations above background levels and where assessment indicates it
poses, or is likely to pose, an immediate or long term hazard to human health and/or the environment.

Hazardous substances are defined as follows:

Hazardous substances are substances which impair human, plant or animal health, or which may adversely affect
the health or safety of any person or the environment, whether or not they are contained in or form part of any
other substance or thing. These include pesticides, petrol, oil, cleaners and paint.

Rule 5.6.1 of the Plan states the following:
Rule 5.6.1 Hazardous wastes at contaminated sites (discretionary activity)

1. The disturbance of land; or
2. The discharge of hazardous waste into water; or

3. The discharge of hazardous waste onto or into land in circumstances that may result in that hazardous waste
(or any other hazardous waste emanating as a result of natural processes from that hazardous waste)
entering water; or

4. The deposit of any hazardous waste, in, on or under land; or
5. The discharge of hazardous waste into air at or from a contaminated site;

is a discretionary activity.

The operative Regional Plan for Otago (Water for Otago) was enacted in February 1998 and updated in June
2021. Section 7 of the Regional Plan, details policies for the discharge of stormwater and the Rules associated
with these policies are contained in Section 12 (water takes, use and management). However, many of the Rules
related to the discharge of stormwater within this Section have been repealed.

Rule 12.B.3 (Discharge of hazardous substances, hazardous wastes, specified contaminants, and stormwater,
and discharges from industrial or trade premises and consented dams) states that the discharge of stormwater to
water, or onto or into land in circumstances where it may enter water, is a restricted discretionary activity. The
restrictions include the potential for soil contamination.

Should contaminants be found present in the soil at the Site at concentrations that there is a hazard posed to
human health and/or the environment, then a consent may be required under the Regional Council’s rules for
certain activities to be undertaken. Further discussion is provided in Section 7.3 on consenting requirements.
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6.

6.1

Results

Soil analytical results

Analytical results compared against the adopted standards and guidelines are presented in Tables 1 through
Table 6 in Attachment C. The laboratory reports are included in Attachment D.

In summary:

— Heavy metals

Metals including arsenic, cadmium, chromium, lead, nickel and zinc were detected at concentrations
above the adopted Dunedin background soil concentrations in 13 of the 28 samples analysed.

No heavy metals were reported at concentrations above the adopted background values in samples
collected from BH-100 and BH-107.

Above background concentrations were limited to the upper 2.5 m of material in boreholes BH-101, BH-
102 and BH-103. However, they extended to at least 3.3 bgl in boreholes BH-108 and BH-111.

No metals concentrations were detected above the relevant human health screening criteria.
Refer to Table 1 for tabulated analytical metals results.

- PAHs

Various PAHs were detected above adopted background soil concentrations in eight samples (not
including the field duplicate sample).

No PAHs were reported at concentrations above the adopted background values in samples collected
from BH-100 and BH-101, BH-102 and BH-103.

Above background concentrations of PAHs were distributed through the whole soil profile (surface to
3.3 m bgl).

PAH, as BaP toxicity equivalence quotient (TEQ), was greater than the NESCS SCS for
Commercial/Industrial and Recreational use in one sample (12547621-BH-104(0.5)) collected at
borehole BH-104 in fill material.

Refer to Table 2 for the tabulated PAH results.

- SVOCs

Various SVOC were detected above background soil concentrations in five samples, two collected from
BH-103 (0.2 and 1.2 m bgl), two collected from BH-107 (1.5 and 2.5 m bgl) and the other from BH-111
(1.5 m bgl).

The pesticide 4,4’-DDD was reported present at a low concentration in boreholes BH-103, BH-107 and
BH111 in the samples described above. The pesticides 4,4’-DDE and 4,4’-DDT were also reported
present in the samples collected and analysed from BH-103.

No SVOCs were detected at concentrations above any considered human health or environmental
screening criteria.

Refer to Table 3 for a summary of SVOC results. Only those SVOCs which were detected at
concentrations above the LOR are presented in the table. The full set of results can be found in the
laboratory reports.

—  TPH was not detected above any of the considered human health or environmental screening standards.
Refer to Table 4 for tabulated TPH results.

— Ammonia was detected above the laboratory detection limit in four of eight samples. The highest
concentrations were found in the samples collected from soils likely to be rich in organic material (on the basis
of their lithological description). Refer to Table 5 for a summary of ammonia results. There are no available
guideline criteria available to compare these results against.
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— Asbestos

e Asbestos fines were reported present in one sample collected from BH-107 at a depth of 0.5 m bg|
(12547621-BH-107(0.5)), and the sample was further scheduled for semi-quantitative analysis. Asbestos
was not detected in the sample examined for semi-quantitative analysis.

e Asbestos was not detected in any other soil samples collected as part of this investigation.
e Refer to Table 6 for a summary of asbestos results.

6.2 Quality Assurance and Quality Control

GHD quality assurance/quality control (QA/QC) procedures to assess data quality were maintained throughout the
project.

The QA/QC programme undertaken as part of the assessment by GHD included the following:

— All fieldwork was undertaken by suitably qualified and trained staff. The work managed by a suitably qualified
and experienced practitioner (SQEP) and the report was reviewed by a SQEP, as required by the NESCS.

—  Collection of two duplicate soil samples for analysis of heavy metals and PAHSs.

—  Soil samples collected throughout works were dispatched to Analytica Laboratories in Hamilton on the day of
collection under standard chain of custody procedures and the analysis was undertaken within the sample
holding times.

— Analytica Laboratories is an internationally recognised laboratory endorsed by International Accreditation New
Zealand (IANZ) which represents New Zealand in the International Laboratory Accreditation Cooperation
(ILAC). Through the ILAC mutual recognition arrangement (ILAC-MRA) this accreditation is internationally
recognised. The tests were performed in accordance with the terms of accreditation.

6.2.1 Analytical results

GHD collected two field duplicate samples for quality assurance/quality control (QA/QC) one of which was
analysed for both heavy metals and PAHs and the other for heavy metals only.

A quantitative measure of the accuracy of the analytical results received from the laboratory was conducted using
calculated relative percentage difference (RPD) values. The RPD values were calculated using the following
equation:

RPD (%) = (Co-Cs) x100
<Co + Cs>
2
Where Co = concentration obtained from the original sample.
Cs = concentration obtained from the duplicate sample.

The usual acceptance criteria for relative percentage difference (RPD) are between 30 and 50% in soils (CLMG,
No.5 section 3.9.1 (2011)). However, larger RPDs are allowed for different analytes (up to 100%). A large
percentage differential can occur particularly in soils due to the following:

— A small analytical differential between two samples based on the low levels of detection from the primary and
duplicate soil sample.

—  Soil samples collected from a non-homogenous (heterogeneous) soil profile.

RPD values for the duplicate samples (field) analysed for heavy metals for this assessment ranged from 0% to
61.6%. However, the majority of the RPDs, 17 out of 20, were less than 50%.

RPD values for the duplicate samples (field) analysed for PAHs for this assessment ranged from 127.5% to
187.9%.
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The high RPD values for the PAH analysis are likely due to the heterogenous nature of the material at that
borehole location (BH-108).

The duplicate quality assurance and quality control (QA/QC) results are provided in Attachment C, Table 7 and the
laboratory analytical reports are provided in Attachment D.

The results of the whole QA/QC program are considered to provide an acceptable degree of confidence in the
sampling and analytical program.
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7. Conclusions

7.1 Landfilling Extent

A review of the available historical aerial photographs and leachate collection trench construction report indicates
that waste is present on the outside of the leachate collection trench in places, with waste up to 6 m thick on the
north eastern boundary in a short section (approximate 20-40 m length). Generally, the thickness of the waste is
less than 2.6 m in other areas, and averaging 1.63 m depth over the other 40 locations mapped from the log.

The aerial photographs (1978 and 1982) indicate that landfilling activities likely extended very close to the edge of
the Kaikorai Stream banks along the northern boundary with some waste placement also likely to having occurred
in these areas. The trench construction report indicates that waste / landfill material is present on the outside of the
trench at the following locations:

—  6m north of PS3 through to 32m east of AV4
— 36m east of PS5 to 49m east of PS5
—  MHG6 through to 18m north of PS8

Waste is likely to extend either side of these locations. In addition, earthfill is also present from south of PS8
through to the end of the trench (55 m north of PS9).

The likely extent of the landfilling is shown on Figure 4.

7.2 Soil contaminant status

An environmental site investigation was undertaken in conjunction with a geotechnical investigation in October and
November 2022. Soil samples were collected from eight of the boreholes drilled during the investigation, six of
which were located around the periphery of the landfill and two in the northern portion of the landfill (area of oldest
landfilling). These samples were laboratory analysed for the identified contaminants of concern. The material in the
boreholes was logged by a geotechnical engineer and observations of soil type and indications of contamination
were also made by an environmental scientist.

Municipal solid waste (MSW) and fill material was found present in all the boreholes assessed.

The analytical results indicated that contaminant concentrations at above background values were present through
the soil profile from surface to a depth of 3.3 m bgl. One sample, at BH-104(0.5 m bgl), had a reported a BaP
equivalent concentration which exceeded the NESCS SCS value for both Commercial / Industrial and Recreational
land use.

Asbestos fines were reported present in only one of the 19 samples analysed. Low concentrations of TPH were
reported present in the one sample analysed for this contaminant. Elevated concentrations of ammonia were
reported in samples collected from borehole horizons described as peat, silty sand, fill / organic silt and fill / wood
in sand. These materials are likely to have elevated organic content.

Pesticides (4,4’-DDE, 4,4’-DDD and 4,4’-DDT), at low concentrations, were reported present in five of the thirteen
samples analysed for these contaminants.

7.3 Regulatory requirements

7.3.1 NESCS

This investigation has confirmed that HAIL activity G3 (landfill sites) has occurred on the Site and as such the
requirements of the NESCS apply to any future redevelopment works (e.g. soil disturbance and land use change).

7.3.2 Regional and Local Council Requirements

It is understood that a review of Regional and Local Council planning requirements is to be undertaken by Boffa
Miskell. As such, further discussion of any requirements has not been undertaken in this report.

GHD | Dunedin City Council | 12547621 | Green Island Landfill 39



Attachments

GHD | Dunedin City Council | 12547621 | Green Island Landfill 41



Attachment A
Historical Plans and Figures



79.3 1249 980 1063 _ 99.8 1017 1232 99.0 _ 960 113 _96.0 109.5 1040 1084 _ 87.9 72.1 85.1
C C C J 0 C C
MW 0O PS1 MH1 PS2 MH2 PS3 MH3 PS4 AV4 PS5 PS6 MH6 PS7 MH7 PS8 MHBA MH8
55.0
LEACHATE DRAIN DISTANCES AND CAPS :
PS9
LEGEND

FENCE

EXTENT OF LANDFILLED AREA

ABBOTTS C(REEK

Gl 3 NEXT TOPS 5 ST5S
AV S

Gl 2
(AT SH1 BRIDGE))

Z = ; —— - — . — . —— LANDFILL OPERATION AREA -
: 10.0-14.9 o ’ 4
= .. et e TO BRIGHTON /
2 15.0-19.9 Seaoo-nT L7 » LANDFILL DESIGNATION D658 ROAD BRIDGE G.l. 1
= 20.0-24.9 . _ e 4 DUNEDIN CITY COUNCIL DISTRICT PLAN
: 25.0-29.9 - -° g
Y e — — — — — — SEWER LINE
& 30.0-34.9 “=da.___._4-"
5 Bl as.n-39.9 5
2 ———=>———>>——— STORMWATER DITCH
[=]
e WINDROSE DATA FOR GREEN ISLAND LANDFILL (kM/hr) ; )
= PS PUMP STATION (TOTAL 9
87 FOR PERIOD 01/01/03 TO 31/12/03 H MANHOLE (TOTAL 8)
- AV AR VALVE (TOTAL 6)
i SURFACE STORMWATER GRASS & SHRUBS ON MW MONITORING WELL (SHALLOW 24, DEEP 4)
COLLECTION. OUTER FACE. ST STAFF (TOTAL 4)
i SOIL & CLAY COVER —DEEP WELL al KAIKORAI STREAM SAMPLING POINT (TOTAL 4)
- A _B cC D
] SHALLOW wms] l RISING MAIN 125MM HDPE PIPE
w
- COMPACTED WASTE ]— | fecs T KORAI STREAM ~=== - LEACHATE COLLECTION TRENCH DISCHARGE TO
E 101,500 NOMINA ] Gl SEWER
2 21.500 UM'NAh(hGhL oL /;m.uoo NOMINAL NOTE REFER TO CITYCONS DRAWING 5526/234
i I VSH = LEACHATE MONITORING FOR ADDITIONAL DETAIL
-1 g N ‘
<) £
14 97.500 NOMINAL %)
— v == \%
ol
7 R R AR R R R R RILRIRIRIRIBIIRY R, » «
- g e 2
1 S| SILTY CLAY MARINE SEDIMENTS A% 2\
1 93.500 NOMINAL L 2, 500 NOMINAL
B 1 19~.,5 13| 11D L—
S—{ ABBOTSFORD MUDSTONE. ga)
= ) - CLARITON AVENUE
| TOP SURFACE VARIES RL 97.500 - RL 91.000 Lo = o N - L—
2— .\ 3 4
v b
A TYPICAL CROSS SECTION oo X ® 0
] LEACHATE TRENCH AND MONITORING WELLS il SN 5\
= NTS _m‘scmn"&k@_&
i - b
o A Gl SEWER™
i Green Island Leachate Collection System - Monitoring Wells '- -
E Pump Stations Manholes Air Valves
3 Leachate Pump Level Leachate
- Station Lid Top Inlet1 Inlet2 Pump inlet Station Lid Top  Inlet1 Inlet 2 Station Lid Top
2 PS 1 10234 9889 9890 9785 9936  99.16 MH 1 10257 9909  99.07 AV1 102.38
3 PS2 10242 9905 9907 9836 9954 9934 MH2 10235 9897  99.02 AV2 102.44
o PS3 10251 9901 9897 9848 9945 9925 MH3 10257 9887 9890 AV3 103.07
PS4 10243 9893 9902 9835 9936  99.16 MHS 10249 9909  99.08 AV 4 102.74
o PS5 10243 9914 9913 9830 9956  99.36 MH6 10233 9890  98.88 AVS 10253
il PS 6 10242 9918 9915 9838 9961  99.41 MH7 10296 9933 9932 AVE 102.73
PS7 10312 9887 9904 9805 9932  99.12 MH8A 10360 100.356  100.40
= PS8 10379 9936 9949 9843 9979 9950 MH8 10502 102.00
= PS9 10597 10017 906 10069 10049
[T ]
N
w
ES
z Monitoring Wells and Stream Staffs
=
e Station Distance  Top  Bottom  Depth Classificasion Ground  Landfill | Station Distance Top Bottom Depth  Classification Ground  Landfill
from Drain Level  Surface from Drain Level  Surface iy i
MWO - 10255 9765 49  Shallow 10244 NA |[MW4A 90 10400 9850 55  Shallow 10381 1043 i aos,
MW1A 105 10244 9784 46  Shallow 10227 1030 [MW4B 38 10300 9830 47  Shalow 10279 1032 e N (e
MW1B 54 10244 9784 46  Shallow 10240 NA |[MW4C 54 10298 9828 47  Shallow 10279  NA [ ’
MW1IC 62 10243 9783 46  Shalow 10222 NA [MW4D 52 10299 9249 105  Deep 10276  NA
MW2A 100 10237 9757 48  Shallw 10228 1036 |ST4 97 1030 staff 1014  NA
MW2B 48 10242 9762 48  Shallow 10219 1025 [MWSA 99 10309 9857 452  Shalow 10298  NA
MW2C 51 10249 9769 48  Shallow 10226 NA [MWS5B 53 10309 9857 452  Shallow 10289  NA
MW2D 114 10251 9251 100  Deep 10216 NA [MWS5C 56 10307 9855 452  Shallow 10247  NA
ST2 474 1030 staff 1010  NA |STS 172 1040 Staff 10115  NA
MW3A 97 10300 9848 452  Shallow 10283 1037 |MW6A 100 10282 9847 435  Shallow 10278 1032
MW3B 51 10302 9850 452  Shalow 10278  NA |(MW6EB 48 10272 9837 435  Shallow 10242  NA
MW3C 46 10305 9842 463  Shalow 10265 NA [MWEC 49 10271 9836 435  Shallow 10231  NA
sT3 470 1030 staff 1014 NA |MW7A 97 10327 9828 499  Shallow 10313  NA
MW7B 48 10328 9829 499  Shalow 10304  NA
MW7D 53 10323 9616 707  Deep 10287  NA
MW8A 128 10543 9833 7.0  Shalow 10528  NA
MW8B 57 10544 9834 7.0  Shalow 10523  NA
MWB8C 45 10544 9834 710  Shallow 10537  NA EIRAESE;‘EEEE‘:
MW9  Min250 109.74 9424 1550  Deep  109.48  NA T LANT NOT FOR CONSTRUCTION
Status
TAB/DWG : Layout1 / 006116-19-01 Git.dwg FIELDBOOK Stamp FINAL
SERVER : DUNEDIN (NZDUN2501) Name Date DCC LANDFILL
SURVEYED _ Date
XREFS : XBASEPLAN JULY 2004 DESIGNED ANNUAL SURVEY PLANS JULY 2004 Stamp 12.10.2004
DRAWN M.A.BECHT 09/04 SCALES (A1) 1:2500  (A3) 15000
CoPYRIGHT © s GREEN ISLAND LANDFILL-LEACHATE COLLECTION = T
These drawings shall only be used for the purpose for which they were supplied.
Ry AENDPENTS [ITAL [ DRTE [WITAL [ DATE | o s v o o pr f e et e b st | APPROVED & ENVIRONMENTAL MONITORING SYSTEM 006116-19-01 G C
P:\B01006116\19\01 July 2004 Update\CAD\D06116-19-01 G1l.dwg




MW

79.3 1249 980 1063 _ 99.8 1017 1232 99.0 _ 960 113 _96.0 109.5 1084 _ 87.9 72.1 85.1
C C C J 0 C C
0 PS1 MH1 PS2 MH2 PS3 MH3 PS4 AV4 PS5 PS6 MH6 MH7 PS8 MHBA MH8
55.0
LEACHATE DRAIN DISTANCES AND CAPS :
PS9
LEGEND

FENCE

EXTENT OF LANDFILLED AREA

ABBOTTS C(REEK

Gl 3 NEXT TOPS 5 ST5S
AV S

Gl 2
(AT SH1 BRIDGE))

% ~ 4 / —— + — . — . —— LANDFILL OPERATION AREA
: 10.0-14.9 - 2t
= .. et e TO BRIGHTON /
8 15.0-19.9 Seaoo-nT L7 » LANDFILL DESIGNATION D658 ROAD BRIDGE G.l. 1
= 20.0-24.9 . _ PR 4 DUNEDIN CITY COUNCIL DISTRICT PLAN
: 25.0-29.9 - -° g
Y e — — — — — — SEWER LINE
& 30.0-34.9 “=da.___._4-"
5 Bl as.n-39.9 5
2 ———=>———>>——— STORMWATER DITCH
[=]
S WINDROSE DATA FOR GREEN ISLAND LANDFILL (kM/hr) ¢ )
= PS PUMP STATION (TOTAL 9
87 FOR PERIOD 01/01/03 TO 31/12/03 H MANHOLE (TOTAL 8) o \
- AV AR VALVE (TOTAL 6) _ \B o\
_ SURFACE STORMWATER GRASS & SHRUBS ON MW MONITORING WELL (SHALLOW 24, DEEP 4) SECURITY AP, ke
N COLLECTION. OUTER FACE. ST STAFF (TOTAL 4) (QSHED MH T
i SOIL & CLAY COVER —DEEP WELL al KAIKORAI STREAM SAMPLING POINT (TOTAL 4) :
- A _B cC D
] SHALLOW wms] l RISING MAIN 125MM HDPE PIPE
w
- COMPACTED WASTE ]— l TA;Ef\ﬁS = CAKORAL STREAM el EACHATFnGOL FGTIONMTRENGH DISCHARGE TO
E R O NOMINA 3 T Gl SEWER
2 21.500 UM'NAh(hGhL oL /;owoo NOMINAL NOTE REFER TO CITYCONS DRAWING 5526/234
o I N = LEACHATE MONITORING FOR ADDITIONAL DETAIL
ol N *
] g K £ A
1 97.500 NOMINAL =%
1 J  IRRRRRINRRIRDIRIRLR IR, o)
— g 2,
1 S| SILTY CLAY MARINE SEDIMENTS 7% )
1 93.500 NOMINAL L 2, 500 NOMINAL
. 1] hiot 5 \[=fEn D L—
S—{ ABBOTSFORD MUDSTONE. ga)
= ) - CLARITON AVENUE
| TOP SURFACE VARIES RL 97.500 - RL 91.000 Lo = o e - L—
2 S \§ 4
S 1
A TYPICAL CROSS SECTION X ® 0
] LEACHATE TRENCH AND MONITORING WELLS il SN 5\
= NTS _m‘scumﬁkﬁl‘_\q;
i - b
o A4 Gl SEWERY
i Green Island Leachate Collection System - Monitoring Wells ;
E Pump Stations Manholes Air Valves
3 Leachate Pump Level Leachate
- Station Lid Top Inlet1 Inlet2 Pump inlet Station Lid Top  Inlet1 Inlet 2 Station Lid Top
- PS 1 10234 9889 9890 9785 9936  99.16 MH 1 10257 9909  99.07 AV1 102.38
3 PS2 10242 9905 9907 9836 9954 9934 MH2 10235 9897  99.02 AV2 102.44
o PS3 10251 9901 9897 9848 9945 9925 MH3 10257 9887 9890 AV3 103.07
PS 4 10243 9893 9902 9835 9936  99.16 MHS 10249 9909  99.08 AV 4 102.74
o PS5 10243 9914 9913 9830 9956  99.36 MH6 10233 9890 9888 AVS 10253
il PS 6 10242 9918 9915 9838 9961  99.41 MH7 10296 9933 9932 AVE 102.73
PS7 10312 9887 9904 9805 9932  99.12 MH8A 10360 100.356  100.40
= PS8 10879 9936 9949 9343 9979 9950 MH8 10502 102.00
= PS9 10597 10017 906 10069 10049
[T ]
N
w
ES
z Monitoring Wells and Stream Staffs
=
e Station Distance  Top  Bottom  Depth Classificasion Ground  Landfill | Station Distance Top Bottom Depth  Classification Ground  Landfill
from Drain Level  Surface from Drain Level  Surface )
MWO - 10255 9765 49  Shallow 10244 NA |MW4A 90 10400 9850 55  Shalow 10381 1043 i aos,
MW1A 105 10244 9784 46  Shalow 10227 1030 (MW4B 38 10300 9830 47  Shalow 10279 1032 i i ar s
MW1B 54 10244 9784 46  Shalow 10240 NA [MW4C 54 10298 9828 47  Shallow 10279  NA [ ’
MW1IC 62 10243 9783 46  Shalow 10222 NA [MW4D 52 10299 9249 105  Deep 10276  NA
MW2A 100 10237 9757 48  Shallw 10228 1036 |ST4 97 1030 staff 1014  NA
MW2B 48 10242 9762 48  Shallow 10219 1025 [MWSA 99 10309 9857 452  Shalow 10298  NA
MW2C 51 10249 9769 48  Shallow 10226 NA [MWS5B 53 10309 9857 452  Shallow 10289  NA
MW2D 114 10251 9251 100  Deep 10216 NA [MWS5C 56 10307 9855 452  Shallow 10247  NA
ST2 474 1030 staff 1010  NA |STS 172 1040 Staff 10115  NA
MW3A 97 10300 9848 452  Shallow 10283 1037 |MW6A 100 10282 9847 435  Shallow 10278 1032
MW3B 51 10302 9850 452  Shalow 10278  NA |(MW6EB 48 10272 9837 435  Shallow 10242  NA
MW3C 46 10305 9842 463  Shalow 10265 NA [MWEC 49 10271 9836 435  Shallow 10231  NA
sT3 470 1030 staff 1014 NA |MW7A 97 10327 9828 499  Shallow 10313  NA
MW7B 48 10328 9829 499  Shalow 10304  NA
MW7D 53 10323 9616 707  Deep 10287  NA
MW8A 128 10543 9833 7.0  Shalow 10528  NA
MW8B 57 10544 9834 7.0  Shalow 10523  NA
MWB8C 45 10544 9834 710  Shallow 10537  NA EIRAESE;‘EEEE‘:
MW9  Min250 10974 9424 1550  Deep  109.48  NA T LANT NOT FOR CONSTRUCTION
Status
TAB/DWG : Layout1 / 006116-19-01 Git.dwg FIELDBOOK Stamp FINAL
SERVER : DUNEDIN (NZDUN2501) Name Date DCC LANDFILL
SURVEYED _ Date
XREFS : XBASEPLAN JULY 2004 DESIGNED ANNUAL SURVEY PLANS JULY 2004 Stamp 12.10.2004
DRAWN M.A.BECHT 09/04 SCALES (A1) 1:2500  (A3) 15000
CoPYRIGHT © s GREEN ISLAND LANDFILL-LEACHATE COLLECTION = T
These drawings shall only be used for the purpose for which they were supplied.
Ry AENDPENTS [ITAL [ DRTE [WITAL [ DATE | o s v o o pr f e et e b st | APPROVED & ENVIRONMENTAL MONITORING SYSTEM 006116-19-01 G C
P:\B01006116\19\01 July 2004 Update\CAD\D06116-19-01 G1l.dwg



rhuynh
Oval

rhuynh
Oval

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Line

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Highlight

rhuynh
Polygonal Line

rhuynh
Polygonal Line

rhuynh
Line


LEACHATE TRENCH
ACCESS ROAD

ABBOTTS CREEK

LEGEND

o] ——+———+——+— FENCE

y

3 = ¢ === ¢ === . == | ANDFILL OPERATION AREA

o

z

W LANDFILL DBESIGNATION D658

| DUNEDIN CITY COUNCIL DISTRICT PLAN

41 e ————— SEWER LINE

] (NON DCC LAND)

§ —->—>—>—>—>—>— STORMWATER DITCH

8
° —>—>—>—>—>—>— LEACHATE GPEN DITCH 0LD BUND AND DRAIN
S

| s —ws—as—ws— GAS PIPELINE
& WATER PIPE (ABOVE GROUND)
o—| — e e em— EXTENT OF LANDFILLED AREA
«©

COMPGST AREA

= X GAS WELL HEAD (GPERATIONAL)

'e pu—
(@] GAS WELL HEAD (INACTIVE)

o1 ] GROUND WATER PIZO
©

7 0 SEALED ROAD /\
o — LANDFILL FACE
0 o JULY 2016

3 1 UNSEALED ROAD 0 LT ke 20—

E \ )
3 ]
83

= AREA OF LANDFILL,
g8 32.5 Ha
o3
E LEACHATE TRENCH
3 ACCESS ROAD L B,
o— o
2]
<
N
"
-
<
=
(<}
['4
S
\/j e
5040302010 0 50 100 150 200 250
Scale (metres)
GREEN ISLAND
WASTEWATER
TREATMENT PLANT
File Ref: F I NAL
Prepared For: (No. Amendments Drawn Date\

DCC LANDFILLS . [ )

Scale: Designed: Survey Surveying
DEI TA ANNUAL SURVEY PLANS - JULY 2016 1:5000 i Services | Consultants
GREEN ISLAND LANDFILL P suLy 2016 | T bsice

TL Survey Services Limited

P.O. Box 901 DUNEDIN
Phone (03) 477 1133

THINK.INFRASTRUCTURE

K J BASE PLAN Cheet Go1 Checl;;;j-:' J

COPYRIGHT © These drawings shall only be used for the purpose for which they were supplied. Any re-use is prohibited and no part of this document may be reproduced or distributed without the written permission of TL Survey Services Ltd



LANDFILING RECORDS SHOWING TIPPING FACES
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Attachment B
Borehole Logs



GLOSSARY OF SYMBOLS

e

This standard sheet should be read in conjunction with all test hole log sheets and any idealised geological sections prepared for the
investigation report.

GENERAL ABBREVIATIONS

Activity type / drilling method

DT Dual tube oP
CA Casing advancement PM
EXP Logged exposure PQTT
GCOP GCO probe RC
HA Hand Auger RCG
HV Hydro Vacuum excavation RO
HQTT HQ triple tube coring SCP
ICBR In situ CBR test SH
IDEN In situ density test SNC
INST Instrument SPT
IVAN In situ vane test TP
MHA Machine Hollow auger TT
MSA Machine Solid auger VC
NQTT NQ triple tube coring w
OB Open barrel

Sampling type

AMAL Amalgamated sample LB

B Bulk disturbed sample LDS
BLK Block sample M

C Core sample P
CBR CBR mould sample T™W
D Small disturbed sample U
ES Soil sample for environmental testing U100
EW Water sample for environmental testing u76
G Gas sample uT

J Jar w

Other testin
F

9

Falling Head Permeability Test

N Total blows - SPT Value
PK Packer Test
PP Pocket Penetrometer (suffixed by value in kPa)
PT Pressuremeter Test
R Rising Head Permeability Test
SV Shear Vane Test (suffixed by value in kPa, peak/residual values)
UTP Unable to penetrate (shear vane testing)
D Target depth
HCL Hydrochloric acid
WELL SYMBOLS
ok
Sand f “| Gravel
!
[
. Grout ﬁ{ld Concrete
‘ ‘ Solid Pipe % Slotted Pipe
GROUNDWATER SYMBOLS

SZ Groundwater level

Observation pit/trench
Pressuremeter test hole
PQ triple tube coring
Rotary cored

Rotary drilling in common ground
Rotary open hole

Static cone penetrometer
Shaft

Sonic core drilling
Standard penetration test
Trial pit/trench

Triple tube coring
Vibrocore

Wash boring

Large bulk disturbed sample (for earthworks testing)
Large Disturbed Sample

Mazier type sample

Piston sample

Thin walled push in sample

Undisturbed sample - open drive

U110 Undisturbed Sample

U76 Undisturbed Sample

Thin wall open drive tube sampler

Water sample

— Bentonite

\\ghdnet\ghd\NZ\Manukau\Projects\51\0101204 Geotech\08 Geotech Field Resources and Calibration\GHD standard
BH sheets\Descriptions\ss\NZStandardSheet_SymbolGlossary_ver7.doc 1



SOIL SYMBOLS
Main Components

|: S e KY2
Q__ BOULDER ‘. .-.| SAND C,\xl ORGANIC SOILS
— ¢ a s
L
' | coBBLE «| ST CORE LOSS
VI w
B —
< = GRAVEL — —| cLAY FILL
2 A -
Note: Composite soil types will be signified by combined symbols, e.g [~ - Sandy CLAY
SOIL DESCRIPTION ABBREVIATIONS
Consistency S-F Soft to firm
D Dense St Stiff
D-vD Dense to very dense St-VSt Stiff to very stiff
F Firm VD Very dense
F-St Firm to stiff VL Very loose
H Hard VL-L Very loose to loose
L Loose VS Very soft
L-MD Loose to medium dense VS-S Very soft to soft
MD Medium dense VSt Very stiff
MD-D Medium dense to dense VSt-H Very Stiff to hard
S Soft
Moisture Condition
D Dry
D-M Dry to moist
M Moist
M-W Moist to wet
S Saturated
w Wet
ROCK SYMBOLS
Sedimentary
1
SANDSTONE SHALE —— LIMESTONE
11
MUDSTONE CONGLOMERATE |2 { GREYWACKE
AKAX
xxx| SILTSTONE . COAL
AKX

Metamorphic

[
LOW GRADE - SCHIST [ | HIGH GRADE - QUARTZITE
o™
Igneous
+ + VV
.| GRANITIC ROCK %/ " 3l BASALTIC ROCK

Note: Additional rock symbols may be allocated for a particular project. Interbedded rock will be represented using alternatively the
above symbols

\\ghdnet\ghd\NZ\Manukau\Projects\51\0101204 Geotech\08 Geotech Field Resources and Calibration\GHD standard
BH sheets\Descriptions\ss\NZStandardSheet_SymbolGlossary_ver7.doc 2



ROCK DESCRIPTION ABBREVIATIONS

Rock Strength

EW Extremely weak

EW - VW Extremely to very weak
VW Very weak

VW - W Very weak to weak

w Weak

W -MS Weak to moderately strong
MS Moderately strong

MS- S Moderately strong to strong
S Strong

S-VS Strong to very strong

VS Very strong

VS - ES Very strong to extremely strong
ES Extremely strong

DEFECT DESCRIPTION ABBREVIATIONS

Fracture Type

BP Bedding Plane
CB Cross Bed

Cl Cleavage

CS Crushed Seam
Ccz Crush zone

Fl Foliation

Fz Fractured Zone (>250 mm)
JS Joint set

Inclination

SB  Sub-horizontal

G Gently inclined

M Moderately inclined
S Steeply inclined

VS  Very steeply inclined
SV Sub-vertical

Roughness

sl Slickensided
r Rough

sm Smooth
Texture

Pl Planar

St Stepped

u Undulating

Joint Set Counts

X2 2joints
X3 3joints
X4 4joints
X5 5joints
X6 6joints
X7 T7joints
X8 8joints
X9 9joints

>10 > 10 joints
Core Recovery Parameters
TCR - Total Core Recovery %

o | SCR — Solid Core Recovery %
190 | RQD — Rock Quality Designation %

\\ghdnet\ghd\NZ\Manukau\Projects\51\0101204 Geotech\08 Geotech Field Resources and Calibration\GHD standard

Weathering

RS Residual soil

CW-RS Completely weathered to residual soil
Ccw Completely weathered

HW-CW Highly weathered to completely weathered

Highly weathered

MW-HW Moderately weathered to highly weathered

MW Moderated weathering
SW-MW Slightly weathered to moderately weathered
SW Slightly Weathered

UW-Sw Unweathered to slightly weathered

uw Unweathered (fresh)
JT Joint

SF Sheared Surface

SM  Seam

SS  Sheared Seam

SZ  Sheared Zone (>250 mm)
VN Vein

Aperture

T Tight

VN  Very Narrow

N Narrow

MN  Moderately Narrow

MW  Moderately Wide

w Wide

VW  Very Wide

Infilling or Coating

CN Clean

X Carbonaceous

CLAY Clay

KT Chlorite

CA  Calcite

Fe Iron Oxide

Ml Micaceous

QZ Quartz

VE Veneer

Spacing

EC  Extremely closely spaced
VC  Very closely spaced

C Closely spaced

MW  Moderately widely spaced
w Widely spaced

VW  Very widely spaced

Visual Defects

Visual representation of defect angle
from horizontal (example shown is 45°)

BH sheets\Descriptions\ss\NZStandardSheet_SymbolGlossary_ver7.doc



Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

Project : GILF Closure Consents Hole No. :BH100
— Client : Dunedin City Council Sheet :10f2
Site : Green Island Landfill Dunedin HoleLength  :12.95m
. ' Job Number: 12547621 Scale@ A4 :1:40
Commenced: 11/1/2022 Completed: 11/1/2022 Logged :NP
Easting: 1399156 Northing: 4913186 System: NZTM2000 Processed :NP
RL: 2.49 m Datum: NZVD2016 Method: GPSH Checked :DB
- Sample
, - £l %<3 H g z| &
Material Description 2| s |25 3 |o .3 £ s =
£ 55|88 g (8 3= £l 25 |3
El o 5| 2| 2o |5 s | ¥ |5 85§ | TCR | .2 gz | 2
E 5|5 Sl 3858 | 5| E|2| % |5 E5|R®| 88| 25 | &
~ o = c s = S D a = . -
g &|& |2 (3|25 | &8 8| & 2,88, | W | S| 22 |8 i
- 1° FILL: Silty, fine to coarse sand, minor gravel; light brown. Dry, D ; L
E gravel, fine, subangular. 3
L < TCR: 100 .
R — g L
- 4 FILL: MSW and wood fragments; dark brown. MSW L
B containing plastics. Q rCR: 100 3
— . . 1) " -
- :I -
= 4 v SPT - -
o 6/3 -
- 1= b £ TCR: 44 r
i CORE LOSS R [ : L
2- — L
b S TCR: 0 3
- n () -
- —-3 e — - E— ST — B
i FILL: Wood fragments in silty, sand matrix; brown to dark M o | 38 L
~ 1 > brown. Moist. | P ?g E TCR: 100 -
L 1% « | Sandy SILT, some clay, trace rootlets; dark brown. "Very soft, vs' N=6 i
3 X | moist, high plasticity, sand; fine to medium. o — s
- 1 I« o L
1sL X b4 TCR:45 B
B 17 CORE LOSS s ] @ i
A S - - - - ¢ SPT — -
i x | Sandy SILT, some organic material, minor clay, minor sand, =] 0/0 L
- 4 |x | trace rootlets; dark brown. Very soft, moist, low plasticity, ?f? £ TCR: 100 r
| 1 |« * | sand, fine to medium. N=2 @ -
ao " 3 ] “‘
NI « | ORGANIC SILT, some clay, trace shell fragments; dark-brown. F e TCR: 100 C
= 1 %oy, Firm, moist, high plasticity. Sulphurous smell. o 0 3
1 = - B
1 2 % 5
- 1F o £ TCR: 100 -
1k oS : I
- 1 I« x sv%._,sm S
I N @ e P
B 1ol X % TCR: 100 r
| 1°E «+ Silty CLAY, minor sand, trace organic; greenish grey with St - :; Jee I
7 &< — black streaking. Stiff, moist, moderate to high plasticity. 0/0 o\[« ) T
- e = 0/0 — of1P
1 R=4 o TCR: 100 3
1 |5 N
6 [ = e oSOl
- 1 [=3 E < o o C:’< L
L1 B - . z TCR: 100 = r
R ) el ° o COl |
R - = =
1 5 o e
B 1 B o & TCR: 100 OC: "
4 = ] N=1 (%] ) CE;\-J -
- 4 K — o 4 I~
74 | - X_ )O - Q -7
7 Z(—_ 2 TCR: 100 OCEO I
— A 4 (2] o C:) -
e 1 [x 3N |
— =4 X — SPT — A o
1 [—=1 0/0 OC‘D L
S R E o oy TCR: 100 o (2 r
- :'03 X% S g sv,\é@?g ° - >o 3 N i
X "l saiz — i s
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 12.95m Shear Vane: Contractor: Speight Drilling Date | Time |Feano | foeoertn
Equipment: HD 900 Soric T R | g, | B
MSW - Municipal Solid waste
Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.
SPT ETR: 64%




Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

@

=

@

>

Project : GILF Closure Consents Hole No. :BH100
— Client  : Dunedin City Council Sheet 120f2
Site : Green Island Landfill Dunedin HoleLength  :12.95m
. l Job Number: 12547621 Scale @ A4 :1:40
Commenced: 11/1/2022 Completed: 11/1/2022 Logged :NP
Easting: 1399156 Northing: 4913186 System: NZTM2000 Processed :NP
RL: 2.49 m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
S IS
. » 3|2 £l g HR-
Material Description 21 5|25 5 || S g b —
= © © £ % || 5= = 5 [
E| o g1 o |8 |% - | %[5 85 | TR | 2| €5 |3
g -] 'g. g’ % 3 ; 3 ° § 2 8 S |E| E g RQD 30O b 5
3 B¢ ol 3 |5S|E& | 2|2 |5 | 2 |8| 55| SR | 22| 8% | &
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
- 1 ¥ «| Sandy SILT, some clay; greenish grey. Soft, moist, low S TCR-TO PR
B 1. plasticity, sand, fine. (continued from layer starting at 7.8m ) o % rCR: 100 DOQDQ i
[=}
| e 1 [ x < OO Q i
= |x . S| sprT —— TN -
11" x 8.50 Becomes some sand, minor clay, colour becomes g;g SICR L
= 1 | .| orangish grey. 202 b TCR: 100 -
T Ix - N=6 @ 3
I~ 1 |- x-. u
94 |x . o
— 4 |- X. o o
X
117 Z TCR: 100 3
- 1 Ik .X. %) L
% 7 X I I
= - |x - SPT — o
u X 0/0 — -
- X - 0/0 — _
1% 012 a TCR: 100 -
1 |x . z N=2 * — — 3
% : = — I
B 10__3.% X = kPa 7 -_1
47(>* . -] Silty, fine to medium SAND trace organic, dark brown. Very VL Q rCR: 100 B L
= 1 |- loose, moist, uniformly graded. o @ ] 3
o 1 > 3
— =4 . X ST — — -
I 8 0/0 L |
| % e 0/0 = — —
110.° X o o TCR: 100 B
E Nz 1 %) L
L 4 I'%x . ) : 5V@10.5m L -
114 |, X 10.90 Sand becomes fine to medium 17/6 kP ] -1
L 1 b o ] :
R z TCR: 100 B
- . . () -
. 1 s -] i
R i SPT - e -
171°» o| Fine to coarse GRAVEL, minor sand; black. Medium dense, ‘MD* 9/13 L L
- =t gravel, angular, slightly weathered, weak; sand, coarse. S > o 'g reR: 100 I I
B ] Unweathered to slightly weathered, dark grey to black b N=25 — 1 [
124 MUDSTONE, extremely weak. Soil description: Clayey silt, o ] — -
- - minor sand, dark brown to black. Very stiff, moist, low 4 o — S
| 1 plasticity, sand, fine. 2 =z TCR: 100 I
s 2 a - —1 [
= o — L
] & ey — 1 T
B b o o oy TCR: 100 — "
i a N =34 @ ) Lo 3
- B < -
L 37 End of Hole @ 12.95m B
14— -
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 12.95m Contractor: Speight Drilling Date | Time |Reaing | file dopth
Equipment: HD 900 Sonic T k| SE | &

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%




Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Equipment: HD 900 Sonic

14/11/22)

11:15

1.96

Project : GILF Closure Consents Hole No. :BH101
— Client  : Dunedin City Council Sheet :10f2
Site : Green Island Landfill Dunedin HoleLength  :12.95m
. ' Job Number: 12547621 Scale @ A4  :1:40
Commenced: 11/1/2022 Completed: 11/1/2022 Logged NP
Easting: 1399042 Northing: 4913070 System: NZTM2000 Processed :NP
RL:2.21m Datum: NZVD2016 Method: GPSH Checked :DB
- Sample
S z
. L ElS |« g < s z| 8
Material Description 2| s |25 5 |o _= E| B | =
= S| o |59~ % |E| BF = | 8 | ¢
E ) % [ I - |5 55 TCR L2 g': 2
T = = Sl 2 |22|8 =2 2| e < (2] €2 | rRaD 95 5= o
£ £l% S|2|28|8g | Z|%|S| 2 |5 58 |scr| 28| £ | 8
g &6 8|2 |82[22 | |8 |2| k5,80, @ | 07| 22 |2 |
J°I¥% 3§ TOPSOIL: Sandy organic silt, minor rootlets; dark brown. 2™ ke |
- 11 Moist, low plasticity. ? ; -
lelss o C
1° FILL: Sandy, clayey, silt, some organic material (rootlets) and L
- B MSW (15%); orangish brown with grey and black mottling. 3
b Moist, sand, fine; MSW contains plastics, low to moderate e TCR: 100 3
B ] plasticity. d @ i
v )
e -
L ]7[¥% { Fibrous PEAT, minor rootlets; black. Very soft, moist. Vs’ — | Iz i
—2 SPT ] o =k
L 17 « | Sandy ORGANIC SILT, minor clay, trace rootlets; dark brown. 0/0 — | — L
1 |x Very soft, moist, low plasticity, sand, fine. oo e rCR: 100 — L
L 1 W NE2 * I
dw[X _ g
— 29~ [* -] Silty fine to medium SAND, some clay, trace gravel; dark grey. w | w Y i
o 11 - Veryloose, wet, gravel, fine, subrounded. ) T i
I~ INEE z TCR: 100 | i
B _- x : X SPT — — | :
- 4.~ 0/0 o L
1l &) P E TCR: 100 1 r
- 117 s N=1 . L
B o HsV@2.5m L -
- 34 % - % 2 9/6 kP3| ] ] Y
e 2 TCR: 100 L] F
1. X 3.25-3.30 Thin fine to coarse SAND lens @ ] i
=4 1% SPT - — -
LS I =1 T
n ] x -y 3.70 Becomes fine to coarse SAND, minor gravel. s @ TCR:100 1 r
el - Isv@3.5m B -
- 47°[~ | CORELOSS kP I
R 4] S TCR: 0 ] r
B () — — -
ok - - - SPT — ] L
L 17* < | Clayey ORGANIC SILT; dark brown. Firm, moist, high M| F g;g L L
R plasticity. Sulphurous smell. e & TCR: 100 — 4 I
10~ : | ot
| 54 % B i -5
@ 1K™ ; 9] ] i
SO N © z TCR: 100 i
b 1 I
- _- 'é- 9': L o :
1 Sl A
1 |x— 0/0 — _ o i
| i "_;i Nog1 9 TCR: 100 )O Q C
Y ST Lo L
< g a =P
< 7¢I~ | CORE LOSS M F I >°C: Q 3
i ; E z TCR: 18 o O i
L = 8 cCHO| [
Y - i . _ o spT S o CE’ o
L 4"+ —] Silty CLAY, trace sand and organic, material and shells; 0/0 = Q L
4 =3 greenish grey with black streaks. Firm, moist, high plasticity, o o0 & TCR: 100 OCE -
B 1 F — sand, fine. N=1 @ P :D 3
4 [—1 ISV@6.5m a [_’ o
A g | e D, N _‘7
- b S TCR: 100 OCZO r
1 +~ — (2] 0[:) -
L 4 1 D Q I
4 |1 SPT — A -
R = R e RS
1 [— o TCR: 100 g r
-] g | No @ );C: 3t
1E " — o~ _v
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 12.95m Shear Contractor: Speight Drilling Date | Time |Reading mzsep‘h
Vane: GEO937 01/11/22| 11:30 12.95




Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Project : GILF Closure Consents Hole No. :BH101
— Client  : Dunedin City Council Sheet 120f2
Site : Green Island Landfill Dunedin HoleLength  :12.95m
. l Job Number: 12547621 Scale @ A4 :1:40
Commenced: 11/1/2022 Completed: 11/1/2022 Logged :NP
Easting: 1399042 Northing: 4913070 System: NZTM2000 Processed :NP
RL:2.21m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 IS
HEAN < s z| 8
Material Description 2| 5|25 5 |o _= E| & _
_ © o tYat ° sl = - c g [3
E| o g1 o |8 |% - | %[5 85 | TR | 2| €5 |3
T = | % Sl 2|22/8, | 2|2|28| 5 |&| E2|rRaD| 85| 52 |5
S 8| s el 2 |s=2[E2 ol e | §| 2 |8 BE | SR | 23 | 88 | &
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
— TCR55 \J
¢ [ © “L ) O°G°U I
| ] 9 — o b4 TCR: 55 ) < |
1°|™..'| CORE LOSS g o OQD i
EE x_ - - - SPT E— P O -
L 47" % | Clayey SILT, some sand; orangish grey. Stiff, moist, low to St 0/0 SICR L
1 |x— | moderate plasticity, sand, fine. ;2 £ TCR: 100 B
L 1k " N=6 @ 3
1 K= L
o9+ Ik A o
~ ] = = @) B
SN u z TCR: 100 r
1 x B '} 0 L
- 17 ] L
— |x= ] SPT —— -
- - X 0/0 — n
1 Ix— 0/0 I~ —_ -
F x 0/2 % TCR: 100
- 1 = g | N=2 L L
4 £« > [sV@9.5m I
- 107 X< | 9-95Becomes sandy, minor clay . |:[ P — 1 [
R X ¢} o - —
= z TCR: 64 r
1 ;: o & — — L
L I® ®).o| Silty, fine to coarse GRAVEL, some sand, minor clay; grey M-w | MD | spr - — -
- 4 % b with orangish brown matrix. Medium dense, moist to wet, gﬁ - i -
1 1% gravel, angular to subangular, very weak, completely 716 9 TCR: 100 — 3
- ] 2 3 weathered; sand, fine to coarse. N =26 — i
- 1 —_ - ogxo _—1
12 17°0 o| Unweathered to slightly weathered, dark grey to black w| ™ |Vst Q LrCR: 100 — 7 t
1 |2 o | MUDSTONE, extremely weak. Soil description: Clayey < 0 B 3
= 1 lo ) silt,minor sand, dark brown to black. 'Very stiff', moist, low ] — r
L 11, OO plasticity, sand, fine. 2 e 1T
1 le 9 o & TCR: 100 - — T
- 4 000o 5 N8:/930 7] L L
L o e a — 11|13 — L
s |25 3 z — — T
< ]
— ] 00 4 < 2 TCR: 100 | 3
- 0 P @ — —_— i
- 11, L
1k o —
A wl | :
- 1l o N=34 @ ’ +
- 0o L
- 37 End of Hole @ 12.95m B
- 14— -
L 15 L
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 12.95m Contractor: Speight Drilling Date | Time o)
Shear Vane: GEO937 Equipment: HD 900 Sonic s IR 12.98

@

=

@

>




Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

Project : GILF Closure Consents Hole No. :BH102
— Client  : Dunedin City Council Sheet :10f3
Site : Green Island Landfill Dunedin Hole Length  :14.95
. ' Job Number: 12547621 Scale@ A4 :1:25
Commenced: 10/31/2022 Completed: 10/31/2022 Logged :NP
Easting: 1399006 Northing: 4912860 System: NZTM2000 Processed :NP
RL: 1.73m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 IS
. » £15].3 e & g| &
Material Description 21 5|25 5 |o| S g B | =
3 S| o |59~ % || 8T =~ | s | ¢
El e 2| 2|22l - | %[5 85 | TR | (2| g% |2
E g% 128218, | 5|2|8| 5|8 25 |rm| 35| 55 |5
4 & 8 S| 2 (53|E8| 2|2e|8| 2 |8| 35 |SCR| 25| 88 | &
Z oo o= |0z | ¢ |8 |=| % [3[;82,] @ 23| ££ |2
°I¥%"y TOPSOIL: organic silt, some sand and grass/rootlets; light n| D IS
- Tets iyl _brown. Dry, low plasticity. Rall 1z
T FILL: Gravelly, fine sand with MSW (20%), minor silt, trace
| e rootlets; brown with light brown streaking. Dry, gravel, fine to
| coarse, angular; MSW containing plastics.
= b o
| z TCR: 100
L : A
1< I R
FILL: Fibrous peat with MSW (20%), minor sand and silt; M ]
- T black. Moist, MSW containing plastic; sand, fine. -
L %
| — SPT e _—
i
"B+ Silty CLAY, some sand, minor organics (rootlets, wood v§' 0/1 -
o 4 = A : . N=2 = —
= x — fragments), trace shell fragments; greenish grey with orange % TCR: 100
1 tx =] mottling. 'Very soft', moist, high plasticity. Sand, fine to |
| > medium. No dilatant behaviour. ] |
e [ ] -
- T 7_—: ) —
4 - © (&)
k z TCR: 100 —
4 = @
=g .
“|"- -] Fine to medium SAND, some silt, minor clay, trace shell w | VL g
- 7 |- -] fragments; light greenish grey. Very loose, wet, well graded. o I
. 1 L. -
= - = 5 TCR: 100 n
T .. X RS
A -
- L. [®) <
. z TCR: 100 S
- T . j<
o S I .
10 i '
R N N=1 5 TCR: 100
10 | ® o
: [Te) P
44"[*| Clayey ORGANIC SILT, trace shell fragments; dark brown. M| F
1 s Firm, wet, high plasticity. Sulphurous smell ) jo
- | MY/ | (o]
b ;T_ % TCR: 100 N
- 1 = 8 O
4 ™ 1 < P
> =
N S u SPT — N
| k¥ - 00 O
- y X Nog1 - 5 P <
Aty INCES y o TCR: 100
1 F=] e | % X
m X — c. .
- — X 4 —
CR.100 .
Inclination: Vertical Orientation: Ground Water Level

Notes and Comments:
End of Hole @ 14.95m Shear

Vane: GEO937

MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Contractor: Speight Drilling
Equipment: HD 900 Sonic

- Reading Hole depth
Date | Time (mbgl)
31/10/22[ 00:00 0 12.95
14/11/22 11:20 1.29 5.2
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Project : GILF Closure Consents Hole No. :BH102
— Client  : Dunedin City Council Sheet :20f3
Site : Green Island Landfill Dunedin Hole Length  :14.95
. ' Job Number: 12547621 Scale@ A4 :1:25
Commenced: 10/31/2022 Completed: 10/31/2022 Logged :NP
Easting: 1399006 Northing: 4912860 System: NZTM2000 Processed :NP
RL: 1.73m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
= S —
, - £l %<3 H g | &
Material Description 2|5 |35 5 o = E| Bc |5
_ © o €0 | @ |£ 3T - €5 g
El o 2l e | Lo - | € |5 85 | TR | 2| &% |3
T = | £ Sl 2 |22|8 £ 2|o| 5 || E2| rRAaD | §C 52 | %
E £ 5|2 28 |Eg | 2|w|€| 3 |5| 35S |scrR| 58| E€ | 2
g2 8|6 282|228 | & |8 |2 | = |2:48, @ |02, 22 |2
fj_ Clayey ORGANIC SILT, trace shell fragments; dark brown. L
- b “ap Firm, wet, high plasticity. Sulphurous smell (continued from J—
1 Ik~ 1 layer starting at 4.0m ) 9 — -
= =z TCR: 100 i
- T Z 1 —
i =
kol E _
-4 |7 SPT — — —
- X 0/0
1 %] ot —
R Vo sin 5 TCR: 100 -
1 Ex 2710 — —
X— o | kPa —_—
4 = x A 8
- X — ) —
64 +— X A L —
| (% I
- ?_'
1 & ] S S TCR: 100 —
4 = @
- e © L
u > .
P 4
o ¥ 8| oo ]
1= S | oo |
o B ol
| @ 1Ex svh(‘@_e.l;m o TCR: 100 T T
4 = X1 29/9 kP:
X — _
| 4 ~ X 4 I
4 = —
P, ]
4 X - —
- PSR .
4 - — —
e z TCR: 100
— T > — —
P 4
1 Lo
x 37
AEES z SPT S —
- : o —
= 5__2— Silty CLAY, trace sand, trace organics; greenish grey with 0/ T
© 4 E : ) . f ) ) N=1 = —_—
— ix —1 black streaking. Firm, moist, high plasticity, sand,fine. Isv@?.5 & TCR: 100 |
| —X 1 29/13 - —
] F—x_' g kPa L
- x— A ~
s X —
X — —
4 ==
- i o T
4 = - 8 —
x— 1 z TCR: 100
4 == @
— X — I
4 =1 3 RN
X_Z © L
-4 Iz SPT ]
- — I
| = o2 L
- -><_; 12 — _
e N=5 o TCR: 100 I
4 = Xx— - —
— 1
4 [ —
— < — —
4 [—=1
9 X~ — —
4 = X E —
- — 1 ]
1 =4 S TCR: 100 I
()
u —X 1
I~ S —
4 = Xx—
— 1 L
T SPT - B
X — 0/0
4 =1 272 —
® LZ szzs =
- 7 =" b % TCR: 100 —
1 =1 —
X — — —
- 1 o=
X—1 1 CR: 100 C
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 14.95m Contractor: Speight Drilling Date | Time |foaond | (b ser
Shear Vane: GEO937 Equipment: HD 900 Sonic Tanvz 1120 | G20 55"
Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.
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Project : GILF Closure Consents Hole No. :BH102
— Client  : Dunedin City Council Sheet :30f3
Site : Green Island Landfill Dunedin Hole Length  :14.95
I l Job Number: 12547621 Scale@ A4 :1:25
Commenced: 10/31/2022 Completed: 10/31/2022 Logged :NP
Easting: 1399006 Northing: 4912860 System: NZTM2000 Processed :NP
RL: 1.73m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
152 Tl E 2| &
Material Description 215|325 5 o .= E| 8 =
_ © o tYat ° sl = - c g [3
E| o 2l e(Lels - | %[5 85 | TR | 2| €5 |3
g -] 'g. oS % 3 ; 3 ° § 2 8 S |E| E S RQD 30O b 5
S B|s el 55|58 | 8|28 |2 |8 45 |SR|&5.| 88 |&
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
| 5__2— Silty CLAY, trace §and, trace o.rganics;.g.reenish grey with L |
- Ix —] black streaking. Firm, moist, high plasticity, sand, fine. J—
1 & 23 (continued from layer starting at 7.6m ) 9 — - I
= z TCR: 100
u (%] o — -
- x— A — —
4 =] L
X — _
-4 o= SPT — — — -
- =]
feb ] o0 — 1
o= : : : 211 —
12 =" « | SILT, some clay and minor sand and organic material; grey N=5 g TCR: 100 - —  r
" " X 1 5V@10.5m .
1 Ix with orange mottling. Very soft, moist, moderate plasticity. 2019 kP @ — — L
1 Ix X | Dilatant behaviour, slight sulphurous smell. e |
- x —
i i
1% L
- X —_—
11 2 2 TCR: 100 — — I
| Ix * | 11.20 Contains some sand, minor clay. Low plasticity g ] ’ i
- Tel ™ x ) ~ | _
- ~ | Sandy SILT, some clay, minor organic material; dark grey to w | F < B
= 7| || orange. Firm, wet, high plasticity. Sand, fine to medium. 5 ——1 T
e JFx i N
12 4| o N=5 £ TCR: 100 C 1T
11 x n I i
o
1 % L
- X - I
124 |; % : —
4 1. x. B L
B X .. | 12.10 Contains minor clay and organic materials; colour o
7 |x | becomes grey z TCR: 100 — i
i X L
L x - I
u X L — -
X .
] . . SPT - ] -
- ~|.©. - | Gravelly, fine to coarse SAND, some silt; dark brown to black. on e
_ 7 |- +d Loose, moist, gravel, fine, subangular, well graded. 2 — — T
I 1o 12.65 Contains trace gravel W%;:ﬁm E TCR: 100 | F
4 1.7, 10/7 kP« | -
Jol - ‘o ] |
134% Unweathered to slightly weathered, dark grey to black M | VSt B
i MUDSTONE, extremely weak. Soil description: Clayey silt, B L
B minor sand, dark brown to black. 'Very stiff', moist,. low o L
) plasticity, sand, fine. z TCR: 100 i
i w L
- 8 SPT E— ] -
- b 3/5 - T
E [a] 5/6 — — -
o~ % 8/9 - -
= ] a N=28 o TCR: 100 ] r
| 4 * L
S I
[T
L e = — 7
14 3 7
@ I
4 < L
4 [&] ] -
z TCR: 100 I
| — SPT — L i -
4/5
E 5/7 | -
© 8/8 o
RO, N=2§ g TCR: 100 I B
Notes and Comrﬁgﬂtgf Hole @ 14.95m, TD Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 14.95m Contractor: Speight Drilling Date | Time |foaond | (b ser
Shear Vane: GEO937 Equipment: HD 900 Sonic Tanvz 1120 | G20 55"
Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.
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MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Project : GILF Closure Consents Hole No. :BH103
— Client : Dunedin City Council Sheet :10f3
Site : Green Island Landfill Dunedin HoleLength  :13.15m
. ' Job Number: 12547621 Scale@ A4  :1:25
Commenced: 10/25/2022 Completed: 10/25/2022 Logged :NP
Easting: 1399100 Northing: 4912906 System: NZTM2000 Processed :NP
RL: 1.46 m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
S IS
, - £l %<3 H g | &
Material Description ; s |8 § 2 o o= E| &< |3
Ele gle|2el3 o | 2 |5 85 | TR | 2| 22 |3
E 5|% @l 3 (223, | =|2|8|5 |8 £2|ra0| 35| 52 |5
S Bl g Sl2 (53|58 | g |2 |8| 2 |2 &5 |SR|35.| 88 |&
Z oo o= |0z | ¢ |8 |=| % [3[;82,] @ 23| ££ |2
_ °I¥% 3y TOPSOIL: Sandy, organic silt; minor organics (rootlets, plant M Xk
1 tir.g+] materials, wood fragments) and shells orangish brown. 'Very a §
E ','.\ | soft', moist, low plasticity, sand, fine. 2
- | %Y 0.10-0.15 Plant material g
|- 2l
=° FILL: Sandy organic silt, some clay, trace rootlets; greyish
i brown with black mottling. Moist, sand, fine to medium.
o i 0.45 Sand becomes fine to medium o
z TCR: 100
i 4 Ay
14 = S
- T A
- || ] coreLOss ]
B —3; - - SPT — L=
x | Sandy SILT, some clay, trace rootlets; light grey with orange 0/0 L
L |¢ | mottling. Firm, moist, low plasticity, sand, fine. o0
T Ix o sv,\é@j;m — ]
1 e 4917 o TCR: 100 —
- 1 x kPa —
X ° —
L 2 ]
i X o
X . —
4 |- X. — | —
— X . o
1 I x. $) z TCR: 100 —
i X
iy > — ]
<9* | Clayey SILT, some sand minor shell fragments; grey. Soft, HHoseT ] —
{ <~ | moist, low to moderate plasticity, sand, fine. <o —
- 3 1 01 1
1 = N=1 £ TCR: 100 ]
4 R _ 1 7] —
= —
- 1 b
— s [ |
3 B —
x -
4 Ix o ]
= x z TCR: 100
- 1 k= z L
= _
4 [x— —
| - X
4 [x— SPT ] N
= X 0/0 —
J x__ 0/0 | —
L L x| Nog1 - N
1 = o TCR: 67
- -)(T' *
— > |
o X B —
4" CORE LOSS |
4 o -
N z TCR: 0 |
~ -2 >< - <1 spr - ]
« | ORGANIC SILT, some sand and clay, trace organics; grey. 0/0
L7 x 'Firm', moist, moderate to high plasticity sulphurous smell. o0 — |
T \_&/ N=1 = R
x = . o TCR: 100 I
| X E (o] ()
| = i
- | 9 1
X —
x TCR.36 4=
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 13.15m Shear Contractor: Speight Drilling Date | Time b
Vane: GEO937 Equipment: HD 900 Sonic 25023 Jro0 215
14/11/22| 10:27 10.8
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Project : GILF Closure Consents Hole No. :BH103
— Client : Dunedin City Council Sheet :20f3
Site : Green Island Landfill Dunedin HoleLength  :13.15m
. ' Job Number: 12547621 Scale@ A4 :1:25
Commenced: 10/25/2022 Completed: 10/25/2022 Logged :NP
Easting: 1399100 Northing: 4912906 System: NZTM2000 Processed :NP
RL: 1.46 m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
S S
, - £l %<3 H F | &
Material Description 2|5 |35 5 o = E| Bc |5
3 S| o |59~ % || 8T =~ | s | ¢
E ) % e [ 2o 5 - ¢ |5 8 % TCR L2 gzg 2
E g% 128218, | 5|2|8| 5|8 25 |rm| 35| 55 |5
S Bl g Sl2 (53|58 | g |2 |8| 2 |2 &5 |SR|35.| 88 |&
Z oo o= |oe|zf | ¢ |8 |=| % [3[;82,] D¢l =52 | =
R . s ] _
Q X —_ —
+1°l~. | CORE LOSS 2 o I
- O z TCR: 36
m . w =
— —ﬁx - - - - — SPT —— —_ _—
% | ORGANIC SILT, some clay; grey. 'Firm', moist, high plasticity. 0/0 _
1 Ix Sulphurous smell. o0 L
B 4| N=1 = I -
X o TCR: 100
X « | —
- L3 —
4 x ]
X w |
LT e ol
7 XQ $) Ji
i x o
x z TCR: 100 |
- 1B« z 7
X 3 | -
- X ©
1 x |
- y X SPT — — | —
1 [ 00 I
o x o — |
1 lg > N=1 g TCR: 100 o
4 x o | -
— X f—
- X | —
X SE— —
| 7 [, 6.95 Becomes wet w il
- ;( X L
- Tap ;z) TCR: 55 [T
4~|". .| CORELOSS L
I [ - : : 4 3 sr|  b— |7
« | ORGANIC SILT, some clay; grey. 'Firm', wet, high plasticity X 0/0
1 Ix sulphurous smell. P
- | V2 o — AR
X o TCR: 100 N
X %) SR S
L] S
i X 8
X ~ S R
X I
8 | ]
) x\‘l/ o 0[ P
1% o NN
x z TCR: 100 (=
B 4 [ x @ b @)
X § o P
] DoC N
. x SPT =
i o R
- X % 01 — . <
1 Iy N=1 o TCR: 100 o=
4 x * OC:O
I~ i X % OCE’
ol — =N
- ="~ Silty CLAY, minor sand and organic material, trace rootlets M b S5O
1 "= and shell fragments; greenish grey with black mottling. 'Firm’, o [:’
1 tx =] moist, high plasticity, sand, fine. Sulphurous smell e TCR: 64 b H N
- - ™ @ -
®|~.. | CORELOSS P :,C)
© 1 - o [_
I x—- SPT - )O 3 N
= < Silty CLAY, minor sand and organic material, trace rootlets F 0/0 OC:O
4 =] - : : : A 0/0 ]
| — and shell fragments; greenish grey with black mottling. Firm, o1 o C::
1 k = moist, high plasticity, sand, fine. Sulphurous smell N=1 T TCR: 100 =AY
gl 2 ' o=
1 2 64O
B 1 —=7 OC::
— 1 _— CR.100 D=
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 13.15m Contractor: Speight Drilling Date | Time |Reaing | file dopth
Equipment: HD 900 Soric s E | o |
14/11/22| 10:27 1.027 10.8
Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.
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Notes and Comments:
End of Hole @ 13.15m

Shear Vane: GEO937

Project : GILF Closure Consents Hole No. :BH103
— Client  : Dunedin City Council Sheet :30f3
Site : Green Island Landfill Dunedin HoleLength  :13.15m
I l Job Number: 12547621 Scale@ A4 :1:25
Commenced: 10/25/2022 Completed: 10/25/2022 Logged :NP
Easting: 1399100 Northing: 4912906 System: NZTM2000 Processed :NP
RL: 1.46 m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
S S
, - £l %<3 H g | &
Material Description 21 5|25 5 |o| S g B | =
3 S| o |59~ % || 8T =~ | s | ¢
El e 5| & |Sels g | £ |5 85| IR | 2| E§ |2
E g% 128218, | 5|2|8| 5|8 25 |rm| 35| 55 |5
S 5| ¢ |8 |55|E8 | 2|2a|8| 2 |8 55| SCR| 35| 88 |8
o | o o= |ox|zF |0 |= Sl (R £ |2
- 5__2— Silty CLAY, minor sand and organic material, trace rootlets A
71 & — and shell fragments; greenish grey with black mottling. Firm, kPa
B 2_—' moist, high plasticity, sand, fine. Sulphurous smell (continued 9 _
B o= from layer starting at 9.5m ) & TCR:100
_ {|"| CORELOSS
= el "._ SPT —
- 5__2— Silty CLAY, minor sand and organic material, trace rootlets F 0/0
| 7 K —3 and shell fragments; greenish grey with black mottling. 'Firm', o0
1 | 23 moist, high plasticity, sand, fine. Sulphurous smell N=1 =
| P g TCR: 100
x— 1 0
B 1 —=- 2
X — s -
1M 2] y —
- 1B > ]
— 1
4 = \ 8}
- ™ — © z TCR: 100
1 |== a
EE——
o 4 = x
I~ X1
S ] o spT -
¥ « | Sandy ORGANIC SILT, minor organic material (wood S 2 | 00 L
| [y | fragments); brown. 'Soft, moist, - _ -
1 Ix N=1 £ TCR: 100 — -
X (] I
L 1 L
ol *
8lx S — —
124~ Unweathered to slightly weathered, dark grey to black H — —
= i MUDSTONE, extremely weak. Soil description: Clayey silt, e
minor sand, dark brown to black. Hard, moist, high plasticity, —
| ) sand, fine. w B
4 % [8) _ — —
. ] o z TCR: 100
- a] —
B — 2 SPT F—
- 2 b g —
L 2 1z i
=
i [} —_—
L 2 I
7 < £ TCR: 100 ol
(%]
13 I
B End of Hole @ 13.15m
14—
Inclination: Vertical Orientation: Ground Water Level

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Contractor: Speight Drilling
Equipment: HD 900 Sonic

Date Time Reading Hole depth

(mbgl) (mbgl)
25/10/22( 17:00 0 215
26/10/22( 11:00 0 1"
14/11/22] 10:27 1.027 10.8
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MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%

Project : GILF Closure Consents Hole No. :BH104
— Client  : Dunedin City Council Sheet t1of2
Site : Green Island Landfill Dunedin HoleLength  :9.95m
I l Job Number: 12547621 Scale@ A4 :1:25
Commenced: 11/9/2022 Completed: 11/9/2022 Logged :NP
Easting: 1399553 Northing: 4912903 System: NZTM2000 Processed :NP
RL:7.41m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 S
. » £15].3 e & g| &
Material Description 21 5|25 5 |o| S g B | =
3 S| o |59~ e |£] BT =~ | s | ¢
El o 5| 2| 2o |5 s | ¥ |5 85§ | TCR | .2 gz | 2
E g% 128218, | 5|2|8| 5|8 25 |rm| 35| 55 |5
S & s el 3 |58(5&| 2 |a|8| 2 |8| 25 |SCR| 88| %8 |3
 a| o o= |ox|zF € |o|= S:ioks| (W £c | =
° FILL: Clayey, fine to coarse gravel, some sand and silt; dark s )
7 grey. Saturated, gravel, angular; sand, fine to coarse. g
B 1° FILL: Silty clay, some silt and sand, trace gravel; orange. Wet,
T moderate to high plasticity. 9 TCR: 100 8
- i ) ’ AVARY
| -
L 14, 4
1 FILL: Fine to coarse sand, some silt, minor gravel; grey. Wet, [T
N | gravel, fine to medium, angular; well graded. L]
. SPT — L
110
- - 0/0
0/0 1|
T N=0 b TCR: 67 —
] ” L —
B _F |1 CORELOSS -
I Fo1
i ] = 2 TCR: 100 |
= [
i = =l
e SPT —— — |
: 2/1 —
- E 3 1/0 L
H 1/0
11 N=2 & TCR: 0 C I
4 : 7] I
- 34
o (&) — | —
= z TCR: 0
- (2 I
° FILL: MSW (60%), some wood fragments, minor sand and silt; SsFE)T —
= dark grey. Wet, MSW containing metal pieces, soft/hard o o — |—
b fragments, glass, paper materials. @ 30 min Y TCR: 100
(%] — —
L 4" CORE LOSS .
- ) S TCR: 0 BN
- « I
-2 - SPT - ]
Slightly to unweathered, dark grey, MUDSTONE, extremely Vst 4/6 ]
= weak. Soil description: silty clay,minor sand. Very stiff, moist, AR —
b high plasticity, sand, fine. N=37] T z TCR: 100
& ; I
- g z Lo
- CR.100 - =
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 9.95m Contractor: Speight Drilling Date | Time megﬁepm
Shear Vane: GEO937 Equipment: HD 900 Sonic faniizd 1058 | 709 565
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Notes and Con}ﬁggtgf Hole @ 9.95m
End of Hole @ 9.95m

Shear Vane: GEO937

Project : GILF Closure Consents Hole No. :BH104
— Client  : Dunedin City Council Sheet 120f2
Site : Green Island Landfill Dunedin HoleLength  :9.95m
I l Job Number: 12547621 Scale@ A4 :1:25
Commenced: 11/9/2022 Completed: 11/9/2022 Logged :NP
Easting: 1399553 Northing: 4912903 System: NZTM2000 Processed :NP
RL:7.41m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
= s —
. - £l (<3 H g | &
Material Description 21 5|25 5 |o .3 £ 8. | =
B S| o | 59|z & £ B2 | 1er > | 58 | %
-~ = | £ o5 |88 .|l o8| S |2 €5 5 E s |2
£ £1% S| 2 |es|se | 5|5 (S| 2 (3 c2|ser |28 25 |2
2 8|65 |12 |82|22 | & |8 |2 |.E 249, = |22 22 |2
Slightly to unweathered, dark grey, MUDSTONE, extremely s
T weak. Soil description: silty clay,minor sand. Very stiff, moist,
- B high plasticity, sand, fine. (continued from layer starting at 9 _
| 45m) z TCR: 100
8% x - - - SPT e
% x | Unweathered, dark brownish grey with black speckling, 416
- 1 |% x| SILTSTONE, very weak. 1614
11% % for 60m & TCR: 100
i 1 1%% N> 50 * :
X X
1 [x x
X X —
-6 XX
N X X
X X
= 115 % S TCR: 100
S 5
X X
| — 4 [X X
X X
4 |x x SPT I
X X 3/5
L 4 |x X 6/10
x X 13/16
1% % N=4§ E TCR: 100
| 4 |x x
X X
4 X X
X X —
L7 [x X o
X X S
4 [x x VAR
X X w o :
= 115% 4 z TCR: 100
4 |x x I
X X o
12 4 |x x 2
X X =
= |x x [=] SPT —
X X 5 5/6
- B X X L. 8/11
X X (2 17114 —
1152 Q for 35m) o TCR: 100
- B X X 2
X X
B X X
X X —
- 8 — X X
X X
1 X X
X X o
I A X X .
ol z TCR: 100
1 X X
- X X
— b X X
X X
- X X SPT —
X X 417
- e X X 9/12
X X 14/15
TIEx for o) E TCR: 100
- T X X
X X
T X X
X X |
o 97 |x x
X X
T X X
X X
= T |x % S TCR: 100
X X %]
T X X
o X %
— T X X
X X
XX %o
- B X X 10/12
X % 1711 -
1% for 45 o TCR: 100
I~ T X X
1 [x x
X X
Inclination: Vertical Orientation: Ground Water Level

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Contractor: Speight Drilling
Equipment: HD 900 Sonic

SPT ETR: 64%

- Hole depth
Date | Time (mbgl)
09/11/22| 15:15 3.8
14/11/22| 10:56 9.95
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MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%

Equipment: HD 900 Sonic

Project : GILF Closure Consents Hole No. :BH107
— Client : Dunedin City Council Sheet :10f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
. ' Job Number: 12547621 Scale@ A4 :1:40
Commenced: 10/26/2022 Completed: 10/26/2022 Logged :NP
Easting: 1399277 Northing: 4913224 System: NZTM2000 Processed :NP
RL:6.73 m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 IS
. » 3|2 £l g HR-
Material Description 21 5|25 5 |o .S £ 8. | =
£ S| e |589]% 5 || 3% 5| 58 |3
- £l 2| 5|58 |s clolg| |8 s | R | 52| €8 |2
E g% S| |25|ge | 3|5 |2| & |5z |ScR|S3| 2% |2
g &6 8| 28227 | 8|8 |2 |5 5[50 |09 EE 2|
| -z FILL: Gravelly silt, some grass and rootlets, dark brown. Moist, M T § L
4o low plasticity. M-W — &
= 1o FILL: Fine to coarse gravel, minor silt and sand; grey to dark — i
L 43 grey. Moist to wet, gravel, angular; sand, fine to coarse. BN i L
o ] FILL: Clayey silt, minor organics and MSW (10%); brown with o T
— ] black and orange mottling. Moist, low plasticity. z TCR: 100 L i
R I
| 4 FILL: Gravelly silt, minor soil waste grey to brown. Moist, B L
E gravel, medium to coarse, angular. ] 3
L i SPT e — B
o 0/0 —_ -
e b £ TCR: 100 — 1
4 N=7 %) . L
S FILL: Silt, some sand, trace gravel; grey with light brown | P
- ] streaking. Moist, sand, fine; gravel, fine, angular; MSW 9] _ — i
| i contains glass, organics. & TCR: 100 - L
L i SPT e ] B
o 0/0 — - n
KR " £ TCR: 100 — T
_ N=4 7} ] L
I [~ =
B 1° FILL: Fine to coarse sand, minor gravel; dark bluiesh grey. e TCR: 100 I
L % Wet, gravel, fine to medium, rounded. 0 - 3
] FILL: Sandy, fine to coarse gravel, minor silt; dark grey. Wet, sPT __ ] B
B i gravel, fine, rounded; sand, fine to coarse. 312 _ L
~ ] o o2 '3)_- TCR: 100) I -
b N N = 15| r
4‘_"‘ FILL: Clayey silt; some plastic waste; light brown. Wet, high ] _“‘
- Je plasticity. Q L CR: 100 - L
L E FILL: MSW (60%) with gravel, some silt, minor sand; dark « ’ I
b brownish grey. Loose, moist to wet, MSW contains soft’hard = I
=] plastic, metal pieces, wood fragments; gravel, fine to coarse, kA - —1 [
| i angular; sand, fine to coarse. gg e oR: 100 — L
4 N=9 %) . | L
e | — s
B E S TCR: 100 — 3
| 4 7] - L
- ] SPT e | B
o 5/3 n
= b i iy TCR: 100 - 3
4 N=6 %) . — — L
6 | — 6
i b S TCR: 100 — - r
- b (%] -
L ] SPT — T -
o 0/0 -
= b SZ 5 TCR: 100 7 F
i N=6 2 — L
7‘_ © Gravelly SILT with MSW (20%), some organic material; dark - _‘7
= ] blueish grey to grey. Moist; gravel, fine to medium, angular; ) _ 7] L
L E MSW contains glass and plastic. & TCR: 100 A
o ‘-3 X — - p ; — SPT —— L
4 1”7 | Clayey ORGANIC SILT, minor sand; brown. 'Very soft', wet, S g;? — — L
oy 1 j % high plascitity, sand, fine. é o 'g TCR: 100 ) i
4 X = I L
- X —
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 19.95m Shear Vane: Contractor: Speight Drilling Date | Time z—:::)eglr;epth
GEQ937 26/10/22| 17:00 20
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Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Equipment: HD 900 Sonic

SPT ETR: 64%

Project : GILF Closure Consents Hole No. :BH107
— Client  : Dunedin City Council Sheet 120f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
. l Job Number: 12547621 Scale @ A4 :1:40
Commenced: 10/26/2022 Completed: 10/26/2022 Logged :NP
Easting: 1399277 Northing: 4913224 System: NZTM2000 Processed :NP
RL:6.73m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
£18|-% % s z| 8
Material Description 2| 5|25 5 |o _= E| & _
= © © £ 2 |g| 3= = 5 [
E| o 2l e |8e |3 - | %[5 85 | TR | 2| €5 |3
E 5|% Bl 2|22\, | 5| 2|8| 5 |8 E2|ra0| 35| 52 |3
S Bl g Sl2 (53|58 | g |2 |8| 2 |2 &5 |SR|35.| 88 |&
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
X — TCR 27
1°[-._~| CORE LOSS 2 ToR:27 [
L —-3 x_ - - - SPT — - — |
N 1 1% Qlayey ORGANIC SII_.T, minor sand; brown. 'Very soft', wet, g;g . — L
= ] fE high plascitity, sand, fine. o, 5 TCR: 100 | i
i P L
B 91 & X ] — -9
- 1= o o -
Pl 1 . -
1M =z TCR: 100 L C
- 1 k7] - i
[ et I 1t
e 1 |x>= 1 - 1 [
— 7 x 01 o TCR: 78
1 Ex N3 L
- 1 = X1 — — r
10 [x— — L,
| 4 -~ X 4 | -
1 S TCR: 100 B r
L 1R w -
_m T —_— — -
L —HsfE— - - SPT — —_— L
47" % | Sandy SILT, trace organics and shell fragments; grey with M | VS 0/0 I L
¥ 4 [x -| orange mottling. 'Very soft', moist, low plasticity, sand, fine to o & TCR: 100 i r
1 |« | medium o & T 1 [
— _ X. -
e — — L,
- 14 x° o — — |
4 [x° -
1 « 2 z TCR: 100 1 I
S < N
- - x .X. SPT — — -
4 |. X. 0/0 - L
e 1 |x. o0 £ TCR: 89 — 4 r
1 I« X, N1 » L L
- 41 % — L r
12— |x - -
u X —_— -
I~ X . (&) I
11 x b2 TCR: 100 "
- 1 [|x . @ "
m X — -
L = X .. SPT ] - -
4 X 0/0 L
© 1% 0/0 = — L
— ©X: 0/1 o TCR: 73 _
4 Ix - N=4 %) L
| . o X V4 |
13— X .><, -_—_ -1
- T X . I~
1 1 X S TCR: 100 — I
| 4 % %) ] L
4 X L
.
S o 1or
~ 4 X 0/0 - - — i
B 4 . 2/2 9 TCR: 100 L i
-0 ~X N=4 D -
147 2[X—| Clayey ORGANIC SILT, minor sand; brown. 'Very soft’, wet, w | Vs oo™
- ]~|x-—1 high plascitity, sand, fine. o) B i
R ! . . - C Z TCR: 100 —
L 1 7. Silty, fine to medium SAND, grey to brownish grey. 'Loose’, M 0 3
Tl moist. I r
- FP O\ 14.40 Sand becomes fine to coarse ] VD | CR:10 i
| Jek — 4 COBBLE, some gravel; black with white flecks. Very dense, w g — 1
1= moist, cobble, angular; gravel, medium to coarse, angular. 4 @ 50 mm B r
m 454 Moderately weathered SILTSTONE, extremely weak. Sail B o cr 10 —— L
PSR ; . ; ; o :
L e description: silt, minor sand; greenish grey with orange =] 2 - -
b mottling. Hard, wet, low plasticity, sand, fine. E I 3
- b x L r
4 Slw/|mH L
- & Se | || C
E Q 712 — z i
I ) 16/15 % TCR: 100
T < N> 50] — I
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 19.95m Contractor: Speight Drilling Date | Time | TS |(ME)P"
Shear Vane: GEQ937 26/10/22| 17:00 0 20
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Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Equipment: HD 900 Sonic

SPT ETR: 64%

Project : GILF Closure Consents Hole No. :BH107
— Client  : Dunedin City Council Sheet :30f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
. l Job Number: 12547621 Scale@ A4 :1:40
Commenced: 10/26/2022 Completed: 10/26/2022 Logged :NP
Easting: 1399277 Northing: 4913224 System: NZTM2000 Processed :NP
RL:6.73m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
S S
, - £l %<3 H F | &
Material Description 215|235 5 |o .= E| 8 =
_ © o tYat ° sl = - c g [3
E| o A I I - | %[5 85 | TR | 2| €5 |3
E £| % Sl 2|22|8, | 5| 2/2| %5 |E| ES|rad| 85| 53 |3%
3 B¢ ol 3 |5S|E& | 2|2 |5 | 2 |8| 55| SR | 22| 8% | &
g 4|0 0|2 |oe|2@ | ¢ |8 |2 | " [3:82,] B |29 ££ | = 16
B i Moderately weathered SILTSTONE, extremely weak. Soil TCR-TO T T
E description: silt, minor sand; greenish grey with orange Q rCR: 100 J— 3
- b mottling. Hard, wet, low plasticity, sand, fine. (continued from a ’ - - 3
] layer starting at 14.8m ) sPT I B
I i 3/5 — - L
- i 6/10 I |
— 10/12
q N =38 — — F
174 I I
] u SPT — 7 B
— b4
: & =
E S N = 40) -
L g s I B
18— ) 3 18
L g o I R
u L -
() - —
i = L
- o) -
- 8 sr — F
- ] < 5/7 — — -
) E 1112 i
— 14/12 F—
] for 65mi . n
- b N> 50 -
19— | — | e
- ] SPT L N
© o 4/5 P -
2 i 8/15 -
— 16/11 —
i for 55m I— B
- . N > 50 o
20 End of Hole @ 19.95m, TD 2
L L
T 21 o1
- 22_‘ -—22
- 23_‘ -—23
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level )
End of Hole @ 19.95m Contractor: Speight Drilling Date | Time |Reaing | file dopth
Shear Vane: GEQ937 26/10/22| 17:00 0 20
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Project : GILF Closure Consents Hole No. :BH108
— Client : Dunedin City Council Sheet :10f3
Site : Green Island Landfill Dunedin Hole Length  :20.85m
I l Job Number: 12547621 Scale @ A4 :1:40
Commenced: 11/8/2022 Completed: 11/8/2022 Logged :NP
Easting: 1399316 Northing: 4912715 System: NZTM2000 Processed :NP
RL: 12.12m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 IS
, - £l (<3 H F | &
Material Description 215|235 5 |o .= E| 8 =
E S| e |89 g |5 B2 | 1er o | 88 g
=~ £ S = -0 = FIER=E= L2 = 2
g &6 S| 2 (32|28 | &|8|8| = |2.95,] w |09, B2 |2
= - - - - " = 0
< 4 FILL: clay, some silt, minor sand, trace gravel, light orangish M p ..fi L
E grey. Moist, moderate to high plasticity, sand, fine to medium; ; 3
= i gravel, fine to medium, angular. i
= ] 2 TCR: 100 i
i z L
- i SPT e B B
o 113 - -
- E s £ TCR: 100 — r
E N=21 @ ’ — +
o 28 ] e
= 1~ FILL: soil waste, some clay, MSW (10%), trace gravel; dark 1) — i
| ] grey to black. Moist; MSW contains rubber, plastic, glass, z TCR: 100 — [
i metal, paper/cardboard, gravel, fine to medium, angular. — L
-] S| [ T
- E o £ TCR: 100 -1 r
g N=20 » ’ - 3
R | ] -3
- ] 0 - [
z TCR: 100 L
- B w -
- I°f ] CORELOSS Sl T
] 4/4 = -
= 4/3 o TCR: 0 1 8
i N= 15 %) v § L
s 3 ) P
-] N Q i
z TCR: 0
- E %) — L
L —19 - SPT — — B
E FILL: soil waste, some clay, MSW (10%), trace gravel; dark 2/4 I L
- B grey to black. Moist, MSW contains rubber, brick fragments, %52 £ TCR: 100 — r
i plastic, glass, metal, paper/cardboard, gravel, fine to medium, N=8 @ _— i
T 5 angular. — — s
— ] 9] | s
Iz 5 TCR: 64 v 5[
o CORE LOSS I
L -8 - - SPT — - -
4 FILL: MSW (60%) with some soil waste, trace gravel; dark 22 L
- B grey to black. Moist, MSW contains rubber, brick fragments, %ﬁ g TCR: 100 L] -
b plastic, glass, metal, paper/cardboard; gravel, fine to medium, N=9 @ _| i
T 6 angular. [FILL] — .
lo | CORE LOSS o -t
b Z TCR: 9 — 3
- E » | L
B tg FILL: MSW (60%) with some soil waste, trace gravel; dark SZZT |7 i
L JsF- "3 grey to black. Moist, MSW contains rubber, brick fragments, s £ TCR: 33 -
b plastic, glass, metal, paper/cardboard; gravel, fine to medium, N=14 @ . 3
- angular. [FILL] — L L,
o g CORE LOSS o Fo1 -
b z TCR: 0 — | r
- - * e -
- B - - - SPT — B -
- FILL: MSW (60%) with some soil waste, trace gravel; dark 3/5 — L
- 1s grey to black. Moist, MSW contains rubber, brick fragments, 52 g TCR: 67 1| 7 -
T plastic, glass, metal, paper/cardboard; gravel, fine to medium, N=11 @ R 3
- i angular. [FILL] — ] e
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 20.85m Shear Vane: Contractor: Speight Drilling Date | Time z—:::)eglr;epth
GrO%37 Equipment: HD 900 Sonic Tariiizg| 115 2055
MSW - Municipal Solid Waste
Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.
SPT ETR: 64%
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Project : GILF Closure Consents Hole No. :BH108
— Client : Dunedin City Council Sheet :20f3
Site : Green Island Landfill Dunedin Hole Length  :20.85m
. ' Job Number: 12547621 Scale@ A4 :1:40
Commenced: 11/8/2022 Completed: 11/8/2022 Logged :NP
Easting: 1399316 Northing: 4912715 System: NZTM2000 Processed :NP
RL: 12.12m Datum: NZVD2016 Method: GPSH Checked :DB
- Sample
8 9
. » 3|2 £l g HR-
Material Description 21 5|25 5 || S g b —
- © © (Y=} ° sl g~ ~ €5 [3
E| o Sl o |8y ¢ |5| €5 | TR o | 82 |3

z =2 2122218, | =|2|3| 5 |8 E2|ra| 35| 52 |3

= 3| & o| 2 25|38 | 3|3 | S| S |8 5&€ | scrR| 58| E€ | &

2 8|65 |12 |82|22 | & |8 |2 |.E 249, = |22 22 |2
N -T\7.50 Gravel becomes fine to coarse TeRO 1T
i ] CORE LOSS (continued from layer starting at 7.8m’) % TCR:0 - = C
- 1< - SPT e B B

E FILL: soil waste, some clay, MSW (10%), trace gravel; dark 3/6 | L
- E grey to black. Moist, MSW contains rubber, brick fragments, n & TCR: 100 — r
i plastic, glass, metal, paper/cardboard, gravel, fine to medium, N=17 @ | i
T o angular. — | Ly
— ] Q — [
] z TCR: 100 L] r
- i SPT —— | 7 B
o 3/3 - — -
- g b £ TCR: 100 | f
g N=14 » ’ - 3
. 1= 7 CORE LOSS R
K o L
] z TCR: 0 L C
L 43k SPT E— . B
47 FILL: MSW (60%) with some soil waste, trace gravel; dark 5/5 | 4 L
- E grey to black. Moist, MSW contains rubber, brick fragments, - ;52 5 TCR: 100 e B
b plastic, glass, metal, paper/cardboard; gravel, fine to medium, T N=26 @ — | — 3
4 angular. [FILL] — L C
B 1z - S TCR:45 3
L E 1 CORE LOSS - pushing tyre 2 — | — L
- —- SSF:)T — — | — :
: for 10m = I :
B 4 gl‘.‘lgcrl;\ % TCR: 0 — | — i
T 12 o | 1] 7 L
- 1] S — = I
] % TCR: 0 i
L ] : SPT —— . B
o 30/20 -
- for 15mi - — [ — |
B 4 ggr&crl;\ % TCR: 0 i
: 13—- | o _—1
L e o o
: 5 TCR: 0 ] — — :
L 43 2 ser - .:.: CH
J7[¥~ | Clayey ORGANIC SILT, trace sand; dark brown. 'Very soft', w | 'vs' g;g S L
- 4 XE wet, high plasticity. o N2,29 g TCR: 100 :., S -
TeF . DL
- ) vt P

« 7% | CORELOSS g )"[ g ™
= 1|~ - Q < L
i 115 z TCR: 0 b (C:_O i

I IR o P L
- ] - SPT — - D Q -
17|*~ | Sandy SILT, some organics, minor clay; dark brown. 'Very 00 1 CR: 10 OC: L
L 1 [x soft', wet, high plasticity. s oro =) 3
v ] 0/0 C_,
1 kT X N=0 y 1] [
P 15_- i Q :)O - -—15
|2 1o ZT % TCR: 63 OCEO i
1¢[~. 7| CORE LOSS o(FA T
-1 : LN |
L ek o ser — =
47 ¥ | ORGANIC SILT, minor clay, minor sand; dark brown. 'Very 0/0 L
L ] XE soft', wet, high plasticity. o Ng;go 5 TCR: 100 F
- : L
C 1L — I i
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 20.85m Contractor: Speight Drilling Date | Time | TS |(ME)P"

Shear Vane: GEO937 Equipment: HD 900 Sonic i e 5056

Refer to explanation sheets for abbreviation and symbols.

Shear Vane values are corrected.

SPT ETR: 64%
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Project : GILF Closure Consents Hole No. :BH108
— Client  : Dunedin City Council Sheet :30f3
Site : Green Island Landfill Dunedin Hole Length  :20.85m
I l Job Number: 12547621 Scale@ A4 :1:40
Commenced: 11/8/2022 Completed: 11/8/2022 Logged :NP
Easting: 1399316 Northing: 4912715 System: NZTM2000 Processed :NP
RL: 12.12m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 S
£18|-% < s z| 8
Material Description 215|325 5 o .= E| & =
—_ [ © cA ° c| T ~ 5 [3
El o Sl o |89 |3 | 2 |5 €| TR | L2 g-g 3
E £| % Sl 2|22/8, | 2|2|28| 5 |&| E2|rRaD| 85| 52 |5
3 B¢ ol 3 |5S|E& | 2|2 |5 | 2 |8| 55| SR | 22| 8% | &
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
- X = TCR-TO T 16
= oz X1 g o : i
L * Moderately weathered, orangish grey MUDSTONE, extremely M | Vst A TCR: 100 I B S
B weak. Soil description: Silty clay, trace sand; orangish grey. J— 3
= ] 'Very stiff', moist, high plasticity, sand, fine. SOW — I C
B ] o E TCR: 100 R
i NCs L
- p = o R L
o 174 w ~ — — 17
|~ - < 7 o § o
b z TCR: 100 — — "
- < 16} (%] L | -
- i HsPT —— — B
o ﬁ 32 - -
B ] i b TCR: 100 1 r
T N=13 « - 3
B 184 - 18
€ E Slightly weathered, grey with orange mottling, MUDSTONE, Z m|H L L
B extremely weak. Soil description: Silty clay, minor sand; grey g e TCR: 100 -
= ] with orange mottling. Hard, moist, moderate to high plasticity, S @ L 3
] sand, fine. s - I B
B 4 18.50 Becomes unweathered, colour becomes dark brownish 2 3/3 - L
- E grey. Soil description: CLAY, some silt, minor sand; dark Q ?ﬁ £ TCR: 100 - 3
b brownish grey. Stiff, moist, moderate to high pasticity, sand, 2 N=45 @ — 3
L 19_‘ fine. 3 | L "
~ o — —
1= - < 3
i o ) — L
B i z = TCR: 100 L C
- ] SPT —— — B
o 12 - — -
B ] 35 g TCR: 100 — — 3
7 N=12) —_— F
[ 20 K 1 beo
-] o — 1 |
z TCR: 100
- B (%] —_— -
- 1 g — SPT — _— :
18X % | Unweathered, dark brownish grey with black glauconitic M 315 - = I
- =4 |x x| speckles, SILTSTONE, very weak. 197’/1131 9 5 TCR: 100) L L
4 [X X __{for 35mm F
m End of Hole @ 20.85m, TD \N250 [,
_g 22 22
_: 23] 2
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level .
End of Hole @ 20.85m Contractor: Speight Drilling Date | Time | TS |(ME)P"
Shear Vane: GEO937 Equipment: HD 900 Sonic i e 5056

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%
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MSW - Municipal Solid Waste

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%

Vane: GEO937 Equipment: HD 900 Sonic

Project : GILF Closure Consents Hole No. :BH111
— Client : Dunedin City Council Sheet :10f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
. ' Job Number: 12547621 Scale@ A4 :1:40
Commenced: 11/7/2022 Completed: 11/8/2022 Logged :NP
Easting: 1399277 Northing: 4913200 System: NZTM2000 Processed :NP
RL:3.32m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
2 IS
, - £l %<3 H g z| &
Material Description ; s |8 § 2 o o= E| &< |3
E| o L1 o |89 | ¢ |5| €€ | TR | 2| 22 |3
T = | £ HEREEE £ 28| 5 |8 E2 |raD | §5 | 52 |3
S B E eS| 2 |SS|EE&| 2| |5 | 2 |§| Z= | sCR | 53 | 5% | &
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | = .
L 1° FILL: Silty, fine to coarse gravel with MSW (20%), minor sand M L L
E and clay, grey gravel in dark grey matrix. Moist; gravel, J— 3
- b subangular; MSW contains soft plastics, cardboard; sand, fine - - 3
| ] to coarse. L B
L Q — | s
] z TCR: 80 v § i
RE S R
I~ CORELOSS I
L —-3 . - - - SPT — — 7 B
4 FILL: Soil waste, some organic material and MSW (10%), 11/6 — L
- B minor gravel. Moist, gravel, fine to medium, angular; MSW 251 £ TCR: 100 — r
i contains, plastic, metal. N=10 @ e i
24" | CORELOSS 2
- o ~
| z TCR: 0 L r
= E %] -
- —-2 s - - - SPT — ] -
i FILL: Soil waste, some fibrous peat and MSW (15%), minor 5/3 — - L
- E silt, dark brown with coloured waste. Moist, MSW contains - 252 £ TCR: 100 — B
i plastic, metals, wood fragments. T N=18 @ — — i
3 FILL: Silt, some clay and sand, minor gravel; dark grey with I s
B ] orange mottling. Moist, low to moderate plasticity; sand, fine; 9) _ i
= 4 gravel, fine, subangular. P TCR: 100 — L
- —- SPT — — :
Bl — T
- 1°}. ] CORELOSS Jn a TCR: 33 — = [
e — — 4 L
-1 Q S |
- z TCR: 0
I e @ o
- —-3: J - - SPT —— -] B
42  FILL: Medium to coarse gravel with MSW (20%); grey. Gravel, 18/32 L] L
B 1T subangular; MSW contains plastic, metal, wood fragments: for, S5m 'g TCR: 22 _ = S
N ] CORE LOSS — i
5_ .:.. | — PR s
- B . o — -
. ] z TCR: 0 — C
L —-2 — s SPT - B
1"+ —] CLAY, some silt, minor organic material; trace sand; dark grey 6/5 B ] L
L 15——3\With black streaks. 'Soft', moist, high plasticity, sand, fine. u 'g TCR: 44 -] r
N 11> | CORELOSS N=5 - = i
6 | — -6
L S TCR: 0 — =
— - LA () -
I s — L
N w — —
- BT : - - - X SPT —— L
17 « Silty CLAY, minor sand and organic material; grey with orange | 2 0/0 L
L 1 < —J mottling. 'Soft', moist, high plasticity, sand, fine, o0 'g TCR: 100 — 1
] = =1 I
I~ 74 [ 6.90 Becomes silty CLAY, colour becomes dark grey with | JEE— L7
L 4 —x black streaks. o 1 F
o b ] z TCR: 100 — r
- 18 2] | -
1" 1~ | Clayey ORGANIC SILT, minor sand, trace rootlets; dark v§' B
B 1 brown. 'Very soft', moist, moderate to high plasticity. = SO%T - [
L 1R n o oy TCR: 100 - i
. X ] N=1 » ] L
- 4 I L
— 1 8
Notes and Comments: Inclination: Vertical Orientation: Ground Water Level
End of Hole @ 19.95m Shear Contractor: Speight Drilling Date | Time b
07/11/22| 17:00
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Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

SPT ETR: 64%

Project : GILF Closure Consents Hole No. :BH111
— Client : Dunedin City Council Sheet :20f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
. ' Job Number: 12547621 Scale@ A4 :1:40
Commenced: 11/7/2022 Completed: 11/8/2022 Logged :NP
Easting: 1399277 Northing: 4913200 System: NZTM2000 Processed :NP
RL:3.32m Datum: NZVD2016 Method: GPSH Checked :DB
< Sample _
= | = 2 B —_ c
2|35 |_E © = o
Material Description ARAEY S I E| % _
_ © o tYat ° sl = - c g [3
Sl S 3E o| €[5 85| 1= | 2| £2 |2
£ = | £ S| 2 |2z|8 2| 2|2| 5 |E| EE|rRad| 85| 52 |5
S B¢ o| 8 |SS|E& | 2|2 |5 | 2 |§| 2 | scR| 28 | 5% | &
g 4|0 0|2 |oe|z2@ | ¢ |8 |2 | " [3|:82,] B |29 ££ | =
B ] ¥ | Clayey ORGANIC SILT, minor sand, trace rootlets; dark TCR-TO T T
- LR brown. 'Very soft', moist, moderate to high plasticity. o . J— 3
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Report ID: GENERAL_LOG || Project: GILF LOGS 24112022.GPJ || Library: GHD - NZGD.GLB || Date: 13 December 2022

Refer to explanation sheets for abbreviation and symbols.
Shear Vane values are corrected.

Equipment: HD 900 Sonic

SPT ETR: 64%

Project : GILF Closure Consents Hole No. :BH111
— Client : Dunedin City Council Sheet :30f3
Site : Green Island Landfill Dunedin HoleLength  :19.95m
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Attachment C
Analytical Results Tables
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Site Name: Green Island Landfill

Table 1: November 2022 Investigation - Analytical Results - Heavy Metals

Client: Dunedin City Council
Project Numebr: 12547621

Lab Reference 22-40179-12 22-40179-13 22-40179-1 22-40179-2 22-40179-3 22-40179-4 22-40179-14 22-40179-15 22-40179-16 22-40179-17
Sample Depth _m bl 1.0 2.7 05 15 25 35 0.6 15 25 35 NESCS SCSs for Protection off |\ o ¢ ¢ protection
Borehole BH-100 BH-101 BH-102 Human Health based on a of Human Health based on Dunedin Background Soil
Sample Name 12547621-BH-100(1.0) | 12547621-BH-100(2.7) | 12547621-BH-101(0.5) | 12547621-BH-101(1.5) | 12547621-BH-101(2.5) | 12547621-BH-101(3.5) | 12547621-BH-102(0.6) | 12547621-BH-102(1.5) | 12547621-BH-102(2.5) | 12547621-BH-102(3.5) | Commercial/lndustrialland| = "0 = = @\ d use Concentrat‘f“s
Soil type Fill/ sand/ waste Fill/ wood in sand Fill/ loam/waste Peat/sandy silt Silty sand Silty sand Fill/ sand/ waste Fill/ peat/ waste Sand Sand LSE 182 (mg/kg) 1&2 (mg/kg)
Sample Date 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 (me/ke)
Heavy Metals
Arsenic ma/ke 2.8 7.8 9.7 12 7.1 55 47 29.7 11 11 70" 80" 11.77
Boron mg/ke 1.5 9.2 6.9 27 8.4 11 2.1 32 9.9 9 >10,000* >10,000* -
Cadmium mg/ke 0.059 0.047 0.3 0.18 0.018 0.029 0.11 0.27 0.012 0.066 1,300" 400" 0.34
Chromium * mg/keg 21.6 28 29.3 55.2 21.8 18.8 46.2 125 23.7 22.5 6,300" 2,700* 80.15
Copper mg/ke 18.5 6.6 14.2 18.2 41 4 27.3 34.2 6.5 5.5 >10,000* >10,000* 60.85
Lead mg/ke 14.8 5.01 60.1 50.8 49 42 448 98.5 6.24 4.7 3,300" 880" 44.34
Mercury ma/ke 0.055 <0.025 0.079 0.14 <0.025 <0.025 0.12 0.32 <0.025 <0.025 4,200" 1,800" -
Nickel ma/ke 14.1 15.5 36.6 14.8 10.6 9.53 35.9 33.8 11.5 15.1 6,000 1,200° 44.96
Zinc mg/kg 52 47.4 183 119 36.7 29 105 467 49.4 45.9 400,000 30,000 182.8
Lab Reference 22-40179-8 22-40179-9 22-40179-10 22-40179-11 22-41184-5 22-41184-6 22-41184-7 22-40179-5 22-40179-6 22-40179-7
sample Depth _m bel 02 1.2 25 35 05 1.0 2.0 05 15 25 NESCS SCSs for Protection off o ¢ ¢ protection
Borehole BH-103 BH-104 BH-107 Human Health based on a of Human Health based on Dunedin Background Soil
Sample Name 12547621-BH-103(0.2) | 12547621-BH-103(1.2) | 12547621-BH-103(2.5) | 12547621-BH-103(3.5) | 12547621-BH-104(0.5) | 12547621-BH-104(1.0) | 12547621-BH-104(2.0) | 12547621-BH-107(0.5) | 12547621-BH-107(1.5) | 12547621-BH-107(2.5) | Commercial/lndustrialland| = "0 = @\ @ i use Concentrations
Soil type Topsoil/ organic silt Fill/ organic silt Clayey silt Clayey silt Fill/ clayey gravel Fill/ silty clay Fill/ waste material Clayey silt/ waste Gravelly silt/ bricks Silt/ waste use Les (me/ke) *&2 (mg/kg) >
Sample Date 01/11/2022 01/11/2022 01/11/2022 01/11/2022 09/11/2022 09/11/2022 09/11/2022 01/11/2022 01/11/2022 01/11/2022 (me/ke)
Heavy Metals
Arsenic ma/ke 6.8 25.8 8.7 9.4 7.7 41 8.9 5 4.8 4.6 70" 80" 11.77
Beryllium ma/kg - - - - 1.79 0.91 0.81 - - - 500 90° -
Boron mg/kg 3.4 20 7.1 9.5 3.4 2.5 11 5.5 14 7.2 >10,000 ! >10,000 " -
Cadmium mg/ke 0.29 0.28 0.12 0.07 0.15 0.07 0.12 0.052 0.06 0.11 1,300" 400" 0.34
Chromium * mg/keg 20.1 156 19.8 19.1 46.6 27.3 27.6 18.4 39.2 24.2 6,300" 2,700* 80.15
Copper mg/ke 203 316 6.4 6.7 383 18 16.9 8.14 17.7 16.2 >10,000* >10,000* 60.85
Lead mg/ke 77.8 743 5.45 6.78 70.7 26.9 16.5 19.7 17.7 32.1 3,300" 880" 44.34
Mercury ma/ke 0.1 0.3 0.029 <0.025 0.078 0.033 0.039 0.13 0.091 0.097 4,200" 1,800" -
Nickel ma/ke 19.1 30.7 13.2 12.2 35.8 19.3 18.9 10.2 25.6 9.59 6,000 1,200 44.96
Zinc mg/kg 120 210 42.7 493 115 68.1 68.3 37 67.7 53 400,000 30,000 182.8
Lab Reference 22-41184-1 22-41184-2 22-41184-4* 22-41184-3 22-40820-1 22-40820-2 22-40820-3 22-40820-4**
sample Depth _m bel 05 19 1.9 33 05 15 32 3.2 NESCS SCSs for Protection off | - ¢ ¢ protection
Borehole BH-108 BH -111 Human Health based on a of Human Health based on Dunedin Background Soil
Sample Name 12547621-BH-108(0.5) | 12547621-BH-108(1.9) 12547621-DUP-2 12547621-BH-108(3.3) | 12547621-BH-111(0.5) | 12547621-BH-111(1.5) | 12547621-BH-111(3.2) 12547621-Dup** Commercial/Industrial land| = "o - | land use Concentrations
Soil type Fill/ clay Fill/ clay Fill/ clay Fill/ waste/ clay Fill/ gravel/ waste Fill/waste/organics Fill/ silt Fill/ silt Use Les (me/ke) *&2 (mg/kg) >
Sample Date 09/11/2022 09/11/2022 09/11/2022 09/11/2022 07/11/2022 07/11/2022 07/11/2022 07/11/2022 (me/ke)
Heavy Metals
Arsenic mg/kg 2.4 7.2 7.1 9.1 1.7 8.9 9 9.6 70! 80" 11.77
Beryllium ma/kg 0.48 1.42 1.33 3.15 1.2 13 1.35 1.75 500 90° -
Boron mg/ke 13 76 7.9 40 8.4 20 14 15 >10,000* >10,000* -
Cadmium mg/ke 0.0056 0.16 0.16 0.42 0.11 2.18 0.18 0.32 1,300" 400" 0.34
Chromium * mg/ke 11 50.1 49.4 34.7 90.5 34.6 52.7 58.3 6,300" 2,700* 80.15
Copper mg/ke 3.3 20.9 20.8 54.2 59.1 403 25.2 34.3 >10,000* >10,000* 60.85
Lead ma/ke 11.7 52.9 428 316 49.1 179 32.9 62.2 3,300" 880" 44.34
Mercury ma/ke <0.025 0.28 0.27 0.21 <0.025 0.12 0.12 0.21 4,200" 1,800" -
Nickel ma/kg 3.9 38 35.9 316 105 32.7 45.4 49 6,000 1,200 44.96
Zinc mg/kg 20.3 124 121 303 127 403 179 236 400,000 30,000 182.8
Notes:

Values shaded grey exceed the NESCS SCSs for Protection of Human Health (Commercial / Industrial land use)
Values shaded yellow exceed the NESCS SCSs for Protection of Human Health (Recreational land use)
Red Text exceed the adopted Dunedin Background Soil Concentrations (mg/kg)
SCS - Soil contaminant standard

- Data not available or not analysed in this sample
All units are in mg/kg
m bgl - metres below ground level

* Field duplicate of 12547621-BH-108(1.9)
** Field duplicate of 12547621-BH-111(3.2)

References

1. Ministry for the Environment (2011). Resource Management (National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health) Regulations 2011 (NESCS).
2. National Environment Protection Council (1999, revised 2013) National Environment Protection (Assessment of Site Contamination) Measure. Table 1A. (NEPM) Health Investigation Levels Commercial / Industrial D.
3. Landcare Research Limited (2006) PBC - Predicted Background Soil Concentrations, New Zealand - fill material (the highest value for each metal from the dominant soil groups surrounding Green Island Landfill) Dunedin , New Zealand

4. NESCS SCS criteria presented are for Chromium (VI)
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Site Name: Green Island Landfill
Table 2: PAH Analytical Results November 2022 Site Investigation

Analytica Lab Reference 22-40179-12 22-40179-13 22-40179-1 22-40179-2 22-40179-3 22-40179-4 22-40179-14 22-42925-4 22-42925-5
Eurofins Lab Reference | K22-No0015984 K22-No0015985 K22-M00015975 K22-No0015976 K22-No0015977 K22-No0015978 22-40179-14 - - Guideli for Hyd! b Guidelines for Hydrocarbon Back d Soil
Sample Depth [m bel 10 27 05 15 25 35 06 15 25 NESCS SCSs for Commercial / | NESCS SCSs for Recreational land | _ "o mes ror Hiydrocarbon Contamination - ackground Sol
- ) 2 1 Contamination - Residential Use N N Concentrations, New
Test Pit BH-100 BH-101 BH-102 Industrial land use use All Pathways - Commercial/Industrial Use - Zealand®
Sample Name 12547621-BH-100(1.0) | 12547621-BH-100(2.7) | 12547621-BH-101(0.5) | 12547621-BH-101(1.5) | 12547621-BH-101(2.5) | 12547621-BH-101(3.5) 12547621-BH-102(0.6) 12547621-BH-102(1.5) | 12547621-BH-102(2.5) sand (<1m / 1-4m) All Pathways -
Soil Type Fill/ sand/ waste Fill/ wood in sand Fill/ loam/waste Peat/sandy silt Silty sand Silty sand Fill/ sand/ waste Fill/ peat/ waste Sand (mg/kg) (mg/kg) (mg/ke) 2 Sand (<1m / 12-4m) (me/ke)
Sample Date (mg/kg)
01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022
I
Acenaphthene mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.010 <0.010 - - - - 0.055
Acenaphthylene mg/kg 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.010 <0.010 - - - - 0.069
Anthracene mg/kg 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.010 <0.010 - - - - 0.113
Benz[a]anthracene mg/kg 0.17 <0.03 0.07 0.06 <0.03 <0.03 0.1 0.023 <0.020 # # - - 0.47
]pyrene mg/kg 0.23 <0.03 0.06 0.05 <0.03 <0.03 0.1 0.043 <0.010 # # - - 0.595
b]&(j] fluoranthene mg/kg 0.13 <0.03 0.04 0.06 <0.03 <0.03 0.08 0.054 <0.020 # # - - 0.947
h,ilperylene mg/kg 0.08 <0.03 <0.03 0.06 <0.03 <0.03 0.06 0.028 <0.020 - - - - 0.459
k]fluoranthene mg/kg 0.14 <0.03 <0.03 0.06 <0.03 <0.03 0.09 0.015 <0.010 # # - - 0.296
Chrysene mg/kg 0.18 <0.03 0.09 0.09 <0.03 <0.03 0.1 0.038 <0.010 # # - - 0.539
Dibenz(a,h)anthracene mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.010 <0.010 # # - - 0.112
Fluoranthene mg/kg 0.34 <0.03 0.11 0.11 <0.03 <0.03 0.08 0.055 <0.020 # # - - 1.345
Fluorene mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.010 <0.010 - - - - 0.06
Indeno(1,2,3-cd)pyrene mg/kg 0.11 <0.03 <0.03 0.03 <0.03 <0.03 0.06 0.037 <0.010 # # - - 0.385
Naphthalene me/kg <0.1 <01 <01 <01 <01 <01 <01 <0.010 <0.010 - 58 /70" (190) “*/ (230) “*) 0.029
Phenanthrene mg/kg 0.13 <0.03 0.07 0.05 <0.03 <0.03 0.06 0.015 <0.010 - - - - 0.703
Pyrene me/kg 0.33 <0.03 0.13 0.11 <0.03 <0.03 0.08 0.06 <0.020 - - (1,600)*" /NA? NA® /NA® 1362
Benzo[a]pyrene TEQ " mg/kg 0.32 0.08 0.11 0.1 0.08 0.08 0.16 0.07 0.03 35 40 - - 0.922
[Analytica Lab Reference 22-42925-2 22-42925-3 22-41184-5 22-41184-6 22-41184-7 22-40179-5 22-40179-6 22-42925-1 Guidelines for Hydrocarbon
Eurofins Lab Reference | - - - - - K22-No0015979 K22-No0015980 - NESCS SCSs for N Guidelines for Hydrocarbon . Background Soil
q . | NESCS SCSs for Recreational Lo q N Contamination - N
Sample Depth |m bgl 0.2 1.2 0.5 1.0 2.0 0.5 1.5 2.5 Commercial / Industrial a Contamination - Residential Use - . . Concentrations, New Zealand|
- a land use Commercial/Industrial Use - All 5
Test Pit BH-103 BH-104 BH-107 land use All Pathways - Pathways -
Sample Name 12547621-BH-103(0.2) | 12547621-BH-103(1.2) | 12547621-BH-104(0.5) | 12547621-BH-104(1.0) | 12547621-BH-104(2.0) | 12547621-BH-107(0.5) | 12547621-BH-107(1.5) | 12547621-BH-107(2.5) Sand (<1m / 1-4m) sand (<1m / 1-4m)
Soil Type Topsoil/ organic silt Fill/ organic silt Fill/ clayey gravel Fill/ silty clay Fill/ waste material Clayey silt/ waste Gravelly silt/ bricks Silt/ waste (mg/kg) (mg/kg) (mg/kg) 2 2 (mg/kg)
Sample Date 01/11/2022 01/11/2022 09/11/2022 09/11/2022 09/11/2022 01/11/2022 01/11/2022 01/11/2022 (m/ke)
I
Acenaphthene mg/kg <0.010 <0.010 12 0.01 0.019 <0.03 0.61 0.033 - - - - 0.055
Acenaphthylene mg/kg 0.017 0.028 53 0.011 0.027 <0.03 0.43 0.067 - - - - 0.069
Anthracene mg/kg 0.02 0.02 93 0.015 0.12 0.07 3.1 0.2 - - - - 0.113
Benz[a]anthracene mg/kg 0.092 0.14 320 0.039 0.28 0.48 5.4 0.53 # # - - 0.47
]pyrene mg/kg 0.12 0.23 290 0.058 0.32 0.58 4.5 0.74 # # - - 0.595
b]&[j] fluoranthene mg/kg 0.12 0.27 500 0.058 0.33 0.3 4 0.73 # # - - 0.947
h,i]perylene mg/kg 0.064 0.13 170 0.026 0.14 0.25 0.67 0.26 - - - - 0.459
k]fluoranthene mg/kg 0.044 0.091 220 0.028 0.17 0.26 3.2 0.26 # # - - 0.296
Chrysene mg/kg 0.095 0.2 320 0.059 0.41 0.54 4.4 0.52 # # - - 0.539
Dibenz(a,h)anthracene mg/kg 0.012 0.023 50 <0.010 0.032 0.07 0.35 0.061 # # - - 0.112
Fluoranthene mg/kg 0.17 0.31 420 0.076 0.65 0.67 13 1.5 # # - - 1.345
Fluorene mg/kg <0.010 <0.010 23 0.015 0.05 <0.03 1.2 0.083 - - - - 0.06
Indeno(1,2,3-cd)pyrene mg/kg 0.082 0.17 220 0.029 0.16 0.23 1 0.35 # # - - 0.385
Naphthalene me/kg <0.010 <0.010 23 0.083 0.19 <0.1 05 0.053 - 58 /70" (190) "/ (230) ¥ 0.029
Phenanthrene mg/kg 0.057 0.083 220 0.032 0.43 0.1 8.7 0.58 - - - - 0.703
Pyrene me/kg 0.17 0.32 380 0.083 0.63 0.81 13 1.4 - - (1,600)“" /NA ® NA® /NA® 1362
Benzo[a]pyrene TEQ mg/kg 0.17 0.32 470 0.08 0.46 0.79 6.4 1 35 40 - - 0.922
Lab Reference 22-41184-1 | 22-41184-2 | 22-41184-4 | 22-41184-3 22-40820-1 | 22-40820-2 | 22-40820-3 Guidelines for Hyd b Guidelines for Hydrocarbon
Sample Depth [m bel 0.5 | 1.9 | 1.9 | 33 0.5 | 1.5 | 3.2 NESCS SCSs for NESCS SCSs for cu' g o Contamination - X X
" N . 'ontamination - Residential B N Background Soil Concentrations,
Test Pit BH-108 BH-111 Commercial / Industrial | Recreational land use® Use - All Pathways - Commercial/Industrial Use - All New Zealand ®
Sample Name 12547621-BH-108(0.5) | 12547621-BH-108(1.9) 12547621-DUP-2* 12547621-BH-108(3.3) | 12547621-BH-111(0.5) | 12547621-BH-111(1.5) | 12547621-BH-111(3.2) land use® Sand (<1m / 1-4m) Pathways - ew ceala
Soil Type Fill/ clay Fill/ clay Fill/ clay Fill/ waste/ clay Fill/ gravel/ waste Fill/waste/organics Fill/ silt (mg/kg) (mg/kg) P Sand (<1m / 1-4m) (me/ke)
Sample Date 09/11/2022 09/11/2022 09/11/2022 09/11/2022 07/11/2022 07/11/2022 07/11/2022 (me/ke) !mslkg) 2
I
Acenaphthene mg/kg <0.010 <0.010 0.026 0.033 <0.010 0.038 <0.010 - - - - 0.055
Acenaphthylene mg/kg <0.010 0.031 0.14 0.055 <0.010 0.091 0.012 - - - - 0.069
Anthracene mg/kg <0.010 0.054 1.5 0.16 <0.010 0.19 0.019 - - - - 0.113
Benz[a]anthracene mg/kg <0.020 0.22 4.6 0.73 <0.020 0.41 0.076 # # - - 0.47
]pyrene mg/kg <0.010 0.35 2.7 0.75 <0.010 0.66 0.1 # # - - 0.595
b]&[j] fluoranthene mg/kg <0.020 0.37 4 1.1 <0.020 0.78 0.11 # # - - 0.947
h,i]perylene mg/kg <0.020 0.21 1.2 0.43 <0.020 0.34 0.063 - - - - 0.459
k]fluoranthene mg/kg <0.010 0.18 1.8 0.55 <0.010 0.29 0.038 # # - - 0.296
Chrysene mg/kg <0.010 0.38 3.7 0.92 <0.010 0.42 0.077 # # - - 0.539
Dibenz(a,h)anthracene mg/kg <0.010 0.04 0.43 0.12 <0.010 0.086 0.021 # # - - 0.112
Fluoranthene mg/kg <0.020 0.42 5.4 1.1 <0.020 0.63 0.18 # # - - 1.345
Fluorene mg/kg <0.010 0.017 0.3 0.082 <0.010 0.097 <0.010 - - - - 0.06
Indeno(1,2,3-cd)pyrene mg/kg <0.010 0.21 1.5 0.48 <0.010 0.48 0.078 # # - - 0.385
Naphthalene mg/kg <0.010 <0.010 0.017 0.077 <0.010 0.28 <0.010 - 58 /70" (190) 'Y/ (230) ¥ 0.029
Phenanthrene mg/kg <0.010 0.15 4.8 0.58 <0.010 0.66 0.066 - - - - 0.703
Pyrene me/kg <0.020 0.45 4.9 1.2 <0.020 0.52 0.19 - - (1,600)“" /NA NA® /A 1362
Benzo[a]pyrene TEQ mg/kg 0.03 0.49 4.4 1.2 0.03 0.96 0.16 35 40 - - 0.922
Notes:

Values shaded grey exceed the NESCS SCSs for Commerecial / Industrial land use
Value shaded yellow exceed the NESCS SCS for Recreational land use
Value shaded peach exceed the MfE Hydrocarbon Guidelines for Residential land use

Value shaded green exceed the MfE Hydrocarbon Guidelines for Commercial / Industrial land use

Red text exceed the ECan Background Concentrations of PAHs in Christchurch Urban Soils guideline values

* - Field duplicate of 12547621-BH-108(1.9]

Values shaded according according to the highest exceedance

All units are in mg/kg

m bgl - metres below ground level
A hyphen (-) indicates criterion not available or sample not anlaysed for this analyte
< - reported at a concentration less than the laboratory limit of reporting (LOR)

# indicates criteria for these compounds are addressed using the Benzo(a)pyrene equivalence calculations provided in the NES SCS (refer to Note 1 & Note 6)
Limiting pathways: (v) = volatilisation, (p) = Produce
(2) = Brackets denote values exceed threshold likely to correspond to formation of residual separate phase hydrocarbons
NA - indicates contaminant not limiting as estimated health-based criterion is significantly higher than that likely to be encountered on site.

References

1. Ministry for the Environment (2011). Resource Management (National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health) Regulations 2011 (NESCS). Soil Contaminant Standards (SCS
2. Ministry for the Environment (2011) Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand. Module 4 - Tier 1 Soil screening criteria. Table 4.10. Residential land use and Table 4.11 Commercial / Industrial land use.
3. Environment Canterbury (2007). Background Concentrations of polycyclic aromatic hydrocarbons in Christchurch urban soils. Report No. R07/19. Table 9.
4. Benzo(a)pyrene equivalent concentration calculated as the sum of the carcinogenic PAHs in accordance with the methodology published in the NESCS.

Client Name: Dunedin City Council
Project Number: 12547621




Site Name: Green Island Landfill Client Name: Dunedin City Council
Table 3: Semi volatile organic compounds (SVOC) Analytical Results Project Number: 12547621
November 2022 Slte Investigation

Analytica Lab Reference 22-40179-12 22-40179-13 22-40179-1 22-40179-2 22-40179-14 22-40179-15 22-40179-16
Eurofins Lab reference K22-No0015984 K22-No0015985 K22-No0015975 K22-No0015976 K22-No0015986 K22-No0015987 K22-No0015988 P
o Guidelines for Hydrocarbon
Sample Depth m bgl 1.0 2.7 0.5 1.5 0.6 1.5 2.5 1 Guidelines for Hydrocarbon Contamination - .
Borehole BH-100 BH-101 BH-102 NESCS Scss* for NESCS SCSs *for | Contamination - Residential 8 ¢ Background Soil
ommercial/Industrial land A Commercial/Industrial Use - All | Concentrations, New Zealand

sample Name 12547621-BH-100(1.0) 12547621-BH-100(2.7) | 12547621-BH-101(0.5) | 12547621-BH-101(1.5) 12547621-BH-102(0.6) 12547621-BH-102 1.2 12547621-BH-102 2.5 se Recreational land use Use - All Pathways - Pathways - 056
Soil Type Fill/ sand/ waste Fill/ wood in sand Fill/ loam/waste Peat/sandy silt Fill/ sand/ waste (me/ke) (mg/kg) Sand (<1m / 1‘4“1) sand (<1m / 1-4m) (me/ke)
Sample Date (mg/kg) 2

01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 0.1/11/2022 1/11/2022 (me/ke)
Semi volatile organic compounds (SVOCs)
4.4'-DDD mg/kg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - - - - 0.00471
4.4'-DDE mg/kg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - - 0.0229
4.4'-DDT mg/kg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1,000 400 0.0236
Acenaphthylene mg/kg 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 - - - - 0.069
Anthracene mg/kg 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 - - - - 0.113
Benz(a)anthracene mg/kg 0.17 <0.03 0.07 0.06 0.1 0.19 <0.03 - - - - 0.47
Benzo(a)pyrene mg/kg 0.23 <0.03 0.06 0.05 0.1 0.30 <0.03 - - - - 0.595
Benzo(a)pyrene TEQ (lower bound)* 3 mg/kg 0.29 <0.03 0.07 0.07 0.13 0.46 <0.03 35 40 - - 0.922
Benzo(a)pyrene TEQ (medium bound)* 3 mg/kg 0.31 0.04 0.09 0.09 0.15 0.46 <0.03 35 40 - - 0.922
Benzo(a)pyrene TEQ (upper bound)* 3 mg/kg 0.32 0.08 0.11 0.1 0.16 0.46 0.08 35 40 - - 0.922
Benzo(b&j)fluoranthene mg/kg 0.13 <0.03 0.04 0.06 0.08 0.27 <0.03 - - - - 0.947
Benzo(g.h.i)perylene mg/kg 0.08 <0.03 <0.03 0.06 0.06 0.25 <0.03 - - - - 0.459
Benzo(k)fluoranthene mg/kg 0.14 <0.03 <0.03 0.06 0.09 0.26 <0.03 - - - - 0.296
Chrysene mg/kg 0.18 <0.03 0.09 0.09 0.1 0.27 <0.03 - - = = 0.539
Dibenz(a.h)anthracene mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 0.06 <0.03 - - - - 0.112
Fluoranthene mg/kg 0.34 <0.03 0.11 0.11 0.08 0.30 <0.03 - - - - 1.345
Indeno(1.2.3-cd)pyrene mg/kg 0.11 <0.03 <0.03 0.03 0.06 0.18 <0.03 - - - - 0.385
Naphthalene mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - - 58 /70 (190) ¥ / (230) “V 0.029
Phenanthrene mg/kg 0.13 <0.03 0.07 0.05 0.06 0.13 <0.03 - - - - 0.703
Pyrene mg/kg 0.33 <0.03 0.13 0.11 0.08 0.35 <0.03 - - (1,600)“? / NA @ NA®@ /NA P 1.362
Analytica Lab Reference 22-40179-8 22-40179-9 22-40179-6 22-40179-7 22-40820-2 22-40820-3 Guidelines for I

- Guidelines for Hydrocarbon

Eurofins Lab reference K22-No0015982 K22-No0015983 K22-No0015980 K22-No0015981 - - 1 Hydrocarbon g
Sample Depth m bl 0.2 12 15 25 15 3.2 RIS Slesier NESCS SCSs * for Contamination - Contamination - Background Soil Concentrations, New
Borehole BH-103 BH-107 BH-111 o e Y EE Recreational land use Residential Use - All CommeArIt;l:I/::dustrlal Use- Zealand *>®
sample Name 12547621-BH-103 0.2 12547621-BH-103 1.2 12547621-BH-107(1.5) | 12547621-BH-107 2.5 12547621-BH-111(1.5) 12547621-BH-111(3.2) use (mg/kg) Pathways - ot (:1 w/a:\l/s4- ) (mg/kg)
Soil Type Gravelly silt/ bricks Fill/waste/organics Fill/ silt (me/ke) Sand (<1m / 1-4m) an m z- ul
Sample Date 0.1/11/2022 1/11/2022 01/11/2022 1/11/2022 07/11/2022 07/11/2022 (mg/kg) (me/ke)
Semi volatile organic compounds (SVOCs)
4.4'-DDD mg/kg 0.04 0.04 0.01 0.01 0.38 <0.30 - - - = 0.00471
4.4'-DDE mg/kg 0.04 <0.01 <0.01 <0.01 <0.30 <0.30 - - 0.0229
4.4'-DDT mg/kg 0.13 0.06 <0.01 <0.01 <0.50 <0.50 1,000 400 0.0236
Acenaphthene mg/kg <0.03 <0.03 0.61 <0.03 <0.10 <0.10 - - - - 0.055
Acenaphthylene mg/kg <0.03 <0.03 0.43 <0.03 0.14 <0.10 - - - - 0.069
Anthracene mg/kg <0.03 <0.03 3.1 0.12 0.18 <0.10 - - - - 0.113
Benz(a)anthracene mg/kg 0.08 0.12 5.4 0.22 0.35 <0.10 - - - - 0.47
Benzo(a)pyrene mg/kg 0.09 0.20 4.5 0.28 0.62 0.24 - - - - 0.595
Benzo(a)pyrene TEQ (lower bound)* 3 mg/kg 0.12 0.25 6.4 0.36 1.0 0.30 35 40 = = 0.922
Benzo(a)pyrene TEQ (medium bound)* 3 mg/kg 0.13 0.27 6.4 0.37 - - 35 40 - - 0.922
Benzo(a)pyrene TEQ (upper bound)* mg/kg 0.15 0.28 6.4 0.39 1.0 0.40 35 40 = = 0.922
Benzo(b&j)fluoranthene mg/kg 0.05 0.12 4.0 0.22 0.74 0.26 - - - - 0.947
Benzo(g.h.i)perylene mg/kg 0.08 0.12 0.67 0.13 0.36 0.15 - - - - 0.459
Benzo(k)fluoranthene mg/kg 0.06 0.14 3.2 0.15 0.31 0.13 - - - - 0.296
Bis(2-ethylhexyl)phthalate mg/kg <0.5 <0.5 <0.5 <0.5 0.50 <0.50 - - - - -
Chrysene mg/kg 0.12 0.22 4.4 0.24 0.36 0.13 - - - - 0.539
Dibenz(a.h)anthracene mg/kg <0.03 <0.03 0.35 <0.03 0.17 <0.10 - - - - 0.112
Dibenzofuran mg/kg <0.5 <0.5 0.5 <0.5 <0.30 <0.030 - - - - -
Fluoranthene mg/kg 0.14 0.30 13 0.51 0.96 0.33 - - - - 1.345
Fluorene mg/kg <0.03 <0.03 1.2 0.05 0.13 <0.10 - - - - 0.06
Indeno(1.2.3-cd)pyrene mg/kg 0.05 0.10 1.0 0.12 0.48 0.19 - - - - 0.385
Naphthalene mg/kg <0.1 <0.1 0.5 <0.1 0.12 <0.10 - - 58 /70 (190) “Y / (230) “¥ 0.029
Phenanthrene mg/kg 0.04 0.12 8.7 0.31 0.58 0.14 - - - - 0.703
Pyrene mg/kg 0.13 0.34 13 0.53 0.87 0.3 - - (1,600)“? / NA @ NA® /NA @ 1.362
Notes:

Values shaded grey exceed the NESCS SCSs for Protection of Human Health (Commercial / Industrial land use)
Values shaded yellow exceed the NESCS SCSs for Protection of Human Health (Recreational land use)

Value shaded peach exceed the MfE Hydrocarbon Guidelines for Residential land use

Value shaded green exceed the MfE Hydrocarbon Guidelines for Commercial / Industrial land use

Red text indicates values exceeds the adopted background concentration value

mg/kg - miligrams per kilogram

m bgl - metres below ground level

A hyphen (-) indicates criterion not available for this analyte

< - reported at a concentration less than the laboratory limit of reporting (LOR)

References:

1. Resource Management (National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health) Regulations 2011 (NESCS). Soil contaminant standards (SCS) for Commercial / Industrial Land use

2. Ministry for the Environment (2011) Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New Zealand. Module 4 - Tier 1 Soil screening criteria. Table 4.10. Residential land use and Table 4.11 Commercial / Industrial land use.
3. Benzo(a)pyrene equivalent concentration calculated as the sum of the carcinogenic PAHs in accordance with the methodology published in the NESCS.

3. US EPA Superfund EGV (June, 2013)

4. Ministry for the Environment (1998). Ambient concentrations of selected organochlorines in soils. Table F3 - mean values.

5. Environment Canterbury (2007). Background Concentrations of polycyclic aromatic hydrocarbons in Christchurch urban soils. Report No. R07/19. Table 9.

6. Landcare Research Limited (2015) Background soil concentrations of selected trace elements and organic contaminants in New Zealand . Table 21. Christchurch Soils.



~ Green Island Landfill
@ Soil Analytical Results November 2022

Table 4: Total Petroleum Hydrocarbons (TPH)

Sample ID 22-40820-2

SBam;:]IeIDepth m bel BHl.fll Guidelines for Hydrocarbon Guidelines for Hydrocarbon

Sore IO(:\I 12547621-BH-111(15) Contamination -Commercial / Industrial -] Contamination - Residential - All

amp ¢ Rame - — All Pathways - Sand (1-4m) Pathways - Sand (1-4m)

Soil Type Fill/waste/organics a A

Sample Date (mg/kg) (mg/kg)
07/11/2022

Total Petroleum Hydrocarbons (TPH)

c7-c9 mg/kg <10 120 ™ 120™

C10-C14 mg/kg 40 (1,900) ¥ (560) >

C15-C36 mg/kg 681 NA NA

C7-C36 (Total) mg/kg 721 - -

Notes:

All units are in mg/kg

m bgl - metres below ground level

A hyphen (-) indicates criterion not available

< - reported at a concentration less than the laboratory limit of reporting (LOR)

Limiting pathways: (m) = Maintenance/Excavation , (2) = Brackets denote values exceed threshold likely to correspond to formation of residual separate phasehydrocarbons, (x) = PAH surrogate
NA - indicates estimated criterion exceeds 20,000 mg/kg. At 20,000 mg/kg residual separate phase is expected to have formed in soil matrix. Some aesthetic impact may be noted.

References

1. Ministry for the Environment (2011) Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in New
Zealand. Module 4 - Tier 1 Soil screening criteria. Table 4.14. Commercial / Industrial land use.

GHD Project Number - 12547621 Page 1of 1
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GHD Project Number: 12547621

Green Island Landfill
Soil Analytical Results November 2022
Table 5: Ammonia in Soil

Lab Reference 22-40179 22-40179 22-40179 22-40179 22-40179 22-40179 22-40179 22-40179
Sample Depth m bgl 1.0 2.7 0.5 1.5 2.5 1.2 3.5 0.5
Borehole BH-10 BH-101 BH-103 BH-107
Soil t
ol type Fill/ sand/ waste Fill/ wood in sand Fill/ loam/waste Peat/sandy silt Silty sand Fill/ organic silt Clayey silt Clayey silt/ waste
Sample Name 12547621-BH-100 12547621-BH-100(2.7)| 12547621-BH-101(0.5) 12547621-BH-101(1.5) 12547621-BH-101(2.5) 12547621-BH-103 12547621-BH-103 12547621-BH-107(0.5)
Sample Date 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022
Ammonia
Ammonia mg/kg <5.00 5.27 <5.00 43.6 7.24 17.4 <5.00 <5.00

Notes:

All units are in mg/kg

m bgl - metres below ground level

Page 1of 1
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Green Island Landfill
Soil Analytical Results November 2022
Table 6: Asbestos in Soil

Laboratory ID 22-40290-10 | 22-40290-11 22-40290-1 22-40290-12 | 22-40290-13 22-40290-8 22-40968-5
Borehole BH-100 BH-101 BH-102 BH-103 BH-104 BRANZ * - Guideline Values
GHD Sample Reference 12547621-BH-100(1.0) 12547621-BH-100(2.7) 12547621-BH-101(0.5) 12547621-BH-102(0.6) 12547621-BH-102(1.5) 12547621-BH-103(0.2) 12547621-BH-104 (0.5) Commercial / Industrial
Sample Date 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022 09/11/2022
Depth (m bgl) 1.0 2.7 0.5 0.6 1.5 0.2 0.5 % w/w
SoilType Fill/ sand/ waste Fill/ wood in sand Fill/ loam/waste Fill/ sand/ waste Fill/ peat/ waste Topsoil/ organic silt Fill/ clayey gravel
>10mm fraction - - - - - - - =
Asbestos weight (g) 2-10mm fraction - - - - - - - =
<2mm fraction - - - - - - - 2
ACM Absent Absent Absent Absent Absent Absent Absent 0.05
W/W asbestos %
AF/FA Absent Absent Absent Absent Absent Absent Absent 0.001
Laboratory ID 22-40968-6 22-40968-7 22-40290-5 22-40968-1* 22-40290-6 22-40290-7 -
BH-104 BH-107 BRANZ * - Guideline Values
GHD Sample Reference 12547621-BH-104 (1.0) 12547621-BH-104 (2.0) 12547621-BH-107(0.5) 12547621-BH-107 (0.5) 12547621-BH-107(1.5) 12547621-BH-107(2.5) - Commercial / Industrial
Sample Date 09/11/2022 09/11/2022 01/11/2022 09/11/2022 01/11/2022 01/11/2022 -
Depth (m bgl) 10 2.0 0.5 0.5 15 25 - % w/w
Soil Type Fill/ silty clay Fill/ waste material Clayey silt/ waste Clayey silt/ waste Gravelly silt/ bricks Silt/ waste -
>10mm fraction - - - None detected - - - =
Asbestos weight (g) 2-10mm fraction - - - None detected - - - -
<2mm fraction - - - None detected - - - =
ACM Absent Absent Absent Absent Absent Absent - 0.05
W/W asbestos % AF/FA Absent Absent Present Absent Absent Absent - 0.001
Laboratory ID 22-40968-2 | 22-40968-3 22-40968-4 22-40546-1 | 22-40546-2 | 22-40546-3 -
BH-108 BH-111 BRANZ " - Guideline Values
GHD Sample Reference 12547621-BH-108 (0.5) 12547621-BH-108 (1.9) 12547621-BH-108 (3.3) 12547621 -BH-111(0.5) | 12547621 - BH - 111 (1.5) | 12547621 - BH - 111 (3.2) - Commercial / Industrial
Sample Date 09/11/2022 09/11/2022 09/11/2022 07/11/2022 07/11/2022 07/11/2022 -
Depth (m bgl) 0.5 1.9 3.3 0.5 1.5 3.2 - % w/w
Soil Type Fill/ clay Fill/ clay Fill/ waste/ clay Fill/ gravel/ waste Fill/waste/organics Fill/ silt -
>10mm fraction - - - - - - - =
Asbestos weight (g) 2-10mm fraction - - - - - - - =
<2mm fraction - - - - - - - 2
W/W asbestos % ACM Absent Absent Absent Absent Absent Absent - 0.05
AF/FA Absent Absent Absent Absent Absent Absent - 0.001
Notes:
Peach shading indicates that asbestos was found present but at concentrations less than the guideline value
Blue shading indicates asbestos present at concentrations above the adopted BRANZ guideline values
* This sample was a retest of the sample collected at the same location and depth on 1 November 2022
Reference:
1. BRANZ (2017) New Zealand Guidelines for Assessing and Managing Asbestos in Soil. Table 5 - Commercial / Industrial guideline values
GHD project Number: 12547621 Page 1of 1




Table 7 Dunedin City Council

Soil Analytical Results - QA/QC Analysis Green Island Landfill
Soil Sampling Results
12547621
QA/QC TYPE FIELD DUPLICATE QA/QC TYPE FIELD DUPLICATE
Sample Name 12547621-BH-108(1.9) 12547621-DUP-2 Sample Name 125-::;71(2;12_;3H_ 12547621-DUP
Sample Date 9/11/2022 RPD Sample Date 7/11/2022 RPD
Soil type Fill / Clay Fill / Clay Soil type Fill / Silt Fill / Silt
Laboratory Number 22-41184-2 22-41184-4 Laboratory Number 22-40820-3 22-40820-04
Depth (mbgl) 1.9 Depth (mbgl) 3.2
Heavy Metals Heavy Metals
Arsenic mg/kg 7.2 7.1 -1.4 Arsenic mg/kg 9 9.6 6.5
Beryllium mg/kg 1.42 1.33 -6.5 Beryllium mg/kg 1.35 1.75 25.8
Boron mg/kg 7.6 7.9 3.9 Boron mg/kg 14 15 6.9
Cadmium mg/kg 0.16 0.16 0.0 Cadmium mg/kg 0.18 0.32 56.0
Chromium mg/kg 50.1 49.4 -1.4 Chromium mg/kg 52.7 58.3 10.1
Copper mg/kg 20.9 20.8 -0.5 Copper mg/kg 25.2 343 30.6
Lead mg/kg 52.9 42.8 -21.1 Lead mg/kg 329 62.2 61.6
Mercury mg/kg 0.28 0.27 -3.6 Mercury mg/kg 0.12 0.21 54.5
Nickel mg/kg 38 35.9 -5.7 Nickel mg/kg 45.4 49 7.6
Zinc mg/kg 124 121 -2.4 Zinc mg/kg 179 236 27.5
QA/QC TYPE FIELD DUPLICATE
Sample Name 12547621-BH-108(1.9) | 12547621-DUP-2
Sample Date 9/11/2022 RPD
Laboratory Number 22-41184-2 | 22-41184-4
Depth (mbgl) 1.9
Acenaphthene mg/kg <0.010 0.026 -
Acenaphthylene mg/kg 0.031 0.14 127.5
Anthracene me/ke 0.054 1.5 186.4
Benz[a]anthracene mg/kg 0.22 4.6 181.7
Benzo[a]pyrene mg/kg 0.35 2.7 154.1
Benzo[b]&[j] fluoranthene mg/kg 0.37 4 166.1
Benzo[g,h,i]perylene mg/kg 0.21 1.2 140.4
Benzo[k]fluoranthene mg/kg 0.18 1.8 163.6
Chrysene mg/kg 0.38 3.7 162.7
Dibenz(a,h)anthracene mg/kg 0.04 0.43 166.0
Fluoranthene mg/kg 0.42 5.4 171.1
Fluorene mg/kg 0.017 0.3 178.5
Indeno(1,2,3-cd)pyrene mg/kg 0.21 1.5 150.9
Naphthalene mg/kg <0.010 0.017 -
Phenanthrene mg/kg 0.15 4.8 187.9
Pyrene mg/kg 0.45 4.9 166.4
Benzo[a]pyrene TEQ > mg/kg 0.49 4.4 159.9

Page 1 of 2
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Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton
sales@analytica.co.nz
www.analytica.co.nz

ANALYTICA
LABORATORIES

)

Certificate of Analysis

GHD Ltd Lab Reference: 22-40179
Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny Fitzgerald
Dunedin 9016 Date Received:  04/11/2022

Testing Initiated: 4/11/2022

Attention:  Cecilia Gately Date Completed: 22/11/2022

Phone: 021973 994 Order Number:
Email: danny.fitzgerald@ghd.com Reference: 12547621
Sampling Site: Green Island Landfill

Report Comments
Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

9 Heavy Metals in Soil

Client Sample ID

Date Sampled

0.5

01/11/2022

15

01/11/2022

2.5

01/11/2022

12547621-BH-101 12547621-BH-101 12547621-BH-101 12547621-BH-101

3.5

01/11/2022

12547621-
BH-107
0.5

01/11/2022

Arsenic mg/kg dry wt | 0.125 9.7 12 7.1 5.5 5.0

Boron mg/kg dry wt 1.25 6.9 27 8.4 11 5.5

Cadmium mg/kg dry wt | 0.005 0.30 0.18 0.018 0.029 0.052
Chromium mg/kg dry wt 0.125 29.3 55.2 21.8 18.8 18.4
Copper mg/kg dry wt | 0.075 14.2 18.2 4.1 4.0 8.14
Lead mg/kg dry wt 0.25 60.1 50.8 4.9 4.2 19.7
Mercury mg/kg dry wt | 0.025 0.079 0.14 <0.025 <0.025 0.13
Nickel mg/kg dry wt 0.05 36.6 14.8 10.6 9.53 10.2
Zinc mg/kg dry wt 0.05 183 119 36.7 29.0 37.0

9 Heavy Metals in Soil

Client Sample ID

Date Sampled

)

01/11/2022

2.5

01/11/2022

0.2

01/11/2022

12547621-BH-107 12547621-BH-107 12547621-BH-103 12547621-BH-103

1.2

01/11/2022

12547621-
BH-103
2.5

01/11/2022

Arsenic mg/kg dry wt 0.125 4.8 4.6 6.8 25.8 8.7

Boron mg/kg dry wt 1.25 14 7.2 3.4 20 7.1

Cadmium mg/kg dry wt 0.005 0.060 0.11 0.29 0.28 0.12

Chromium mg/kg dry wt | 0.125 39.2 24.2 20.1 156 19.8

Copper mg/kg dry wt 0.075 17.7 16.2 20.3 31.6 6.4

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests GOREDITE,

marked *, which are not accredited. v

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
A P
<, &

Report ID 22-40179-[R00] Page 1 of 3 Report Date 24/11/2022 g LA.o"}




9 Heavy Metals

in Soil

. 12547621-BH-107 12547621-BH-107 12547621-BH-103 12547621-BH-103  12247621-
Client Sample ID BH-103
15 25 0.2 1.2
25

Date Sampled  01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022
Lead mglkg dry wt | 0.25 17.7 32.1 77.8 743 5.45
Mercury mglkg dry wt | 0.025 0.091 0.097 0.10 0.30 0.029
Nickel mglkg dry wt | 0.05 256 9.59 191 30.7 13.2
Zinc mglkg drywt | 0.05 67.7 53.0 120 210 227
9 Heavy Metals in Soil

Client Sample ID

Date Sampled

12547621-BH-103 12547621-BH-100 12547621-BH-100 12547621-BH-102

3.5

01/11/2022

1.0

01/11/2022

2.7

01/11/2022

0.6

01/11/2022

12547621-
BH-102
15

01/11/2022

Arsenic mg/kg dry wt 0.125 9.4 2.8 7.8 4.7 29.7
Boron mg/kg dry wt 1.25 9.5 15 9.2 2.1 32

Cadmium mg/kg dry wt 0.005 0.070 0.059 0.047 0.11 0.27
Chromium mg/kg dry wt | 0.125 19.1 21.6 28.0 46.2 125
Copper mg/kg dry wt 0.075 6.7 18.5 6.6 27.3 34.2
Lead mg/kg dry wt 0.25 6.78 14.8 5.01 44.8 98.5
Mercury mg/kg dry wt 0.025 <0.025 0.055 <0.025 0.12 0.32
Nickel mg/kg dry wt 0.05 12.2 14.1 155 35.9 33.8
Zinc mg/kg dry wt 0.05 49.3 52.0 47.4 105 467
9 Heavy Metals in Soil

12547621-BH-102 12547621-BH-102

Client Sample ID 25 35

Date Sampled 01/11/2022 01/11/2022

Arsenic mg/kg dry wt 0.125 11 11
Boron mg/kg dry wt 1.25 9.9 9.0
Cadmium mg/kg dry wt 0.005 0.012 0.066
Chromium mg/kg dry wt | 0.125 23.7 225
Copper mg/kg dry wt 0.075 6.5 5.5
Lead mg/kg dry wt 0.25 6.24 4.7
Mercury mg/kg dry wt | 0.025 <0.025 <0.025
Nickel mg/kg dry wt 0.05 11.5 15.1
Zinc mg/kg dry wt 0.05 49.4 45.9

Soil Aggregate Properties and Nutrients

12547621-
BH-103
1.2

12547621-BH-101 12547621-BH-101 12547621-BH-101 12547621-BH-107

Client Sample 1D 05 15 25 0.5

01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Date Sampled

Ammonia-N* mg/kg dry wt ) <5.00 43.6 7.24 <5.00 17.4

Report ID 22-40179-[R00] Page 2 of 3 Report Date 24/11/2022
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Soil Aggregate Properties and Nutrients

12547621-BH-103 12547621-BH-100 12547621-BH-100
3.5 1.0 2.7

Client Sample ID

Date Sampled 01/11/2022 01/11/2022 01/11/2022

Ammonia-N* mg/kg dry wt 5 <5.00 <5.00 5.27

Custom Job

. 12547621-BH-101 12547621-BH-101 12547621-BH-101 12547621-BH-101  12247621-
Client Sample ID BH-107
05 15 25 35 b

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Custom Job Complete Complete Complete Complete Complete

Custom Job

. 12547621-BH-107 12547621-BH-107 12547621-BH-103 12547621-BH-103 L
Client Sample ID BH-100
1.5 25 0.2 1.2 10

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Custom Job Complete Complete Complete Complete Complete

Custom Job

12547621-BH-100 12547621-BH-102 12547621-BH-102 12547621-BH-102

Client Sample 1D 2.7 0.6 15 25

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Custom Job Complete Complete Complete Complete

Method Summary

Elements in Soil Samples dried and passed through a 2 mm sieve followed by acid digestion and analysis by ICP-
MS. In accordance with in-house procedure based on US EPA method 200.8.

Ammonia-N in Soil  1:5 water extraction (NEPM, Schedule B3, Laboratory Analysis of Potentially Contaminated Soil,
2011) followed by colour-metric analysis (APHA 4500 NH; - F Online edition - modified - Discrete

Analyser).
_ _gd&%—_@i{m? M %b
Jarred Wilson, DipSci Sandra Mathews, B.Eng. Adam Ang Sharelle Frank, B.Sc. (Tech)
Trace Elements Team Leader ~ Technologist Team Leader Technologist
Report ID 22-40179-[R00] Page 3 of 3 Report Date 24/11/2022
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
34 Brisbane Street

Sydenham

Christchurch
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-40290
Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny Fitzgerald
Dunedin 9016 Date Received:  04/11/2022
Attention:  Cecilia Gately Testing Initiated:  7/11/2022
Phone: 021973 994 Date Completed: 8/11/2022
Email: danny.fitzgerald@ghd.com Order Number:

Reference: 12547621
Sampling Site: Green Island Landfill

Description of Work: PA - 12547621

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

Asbestos in Soil (Qualitative)
Sample Details

Laboratory ID Client Sample ID Sample Location Sample Description Date Sampled Date Analysed
22-40290-1 12547621-BH-101 0.5 Soil 01/11/2022 07/11/2022
22-40290-5 12547621-BH-107 0.5 Soil 01/11/2022 07/11/2022
22-40290-6 12547621-BH-107 1.5 Soil 01/11/2022 07/11/2022
22-40290-7 12547621-BH-107 2.5 Soil 01/11/2022 08/11/2022
22-40290-8 12547621-BH-103 0.2 Soil 01/11/2022 08/11/2022
22-40290-10 12547621-BH-100 1.0 Soil 01/11/2022 08/11/2022
22-40290-11 12547621-BH-100 2.7 Soil 01/11/2022 08/11/2022
22-40290-12 12547621-BH-102 0.6 Soil 01/11/2022 08/11/2022
22-40290-13 12547621-BH-102 1.5 Soil 01/11/2022 08/11/2022

Information in the above table supplied by the client: Client Sample ID, Sample Location, Date Sampled.

Trace Asbestos Asbestos
(Presence / Absence) (Presence / Absence)

Laboratory ID Client Sample ID Fibre Types

22-40290-1 12547621-BH-101 0.5 Asbestos NOT Detected. Absent Absent
Organic Fibres

Chrysotile (White Asbestos)
Organic Fibres

22-40290-6 12547621-BH-107 1.5 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-7 12547621-BH-107 2.5 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-8 12547621-BH-103 0.2 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-5 12547621-BH-107 0.5 Absent Present

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests (COREDITE,

marked *, which are not accredited.

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
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Trace Asbestos Asbestos
(Presence / Absence) (Presence / Absence)

Laboratory ID Client Sample ID Fibre Types

22-40290-10 | 12547621-BH-100 1.0 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-11 | 12547621-BH-100 2.7 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-12 | 12547621-BH-102 0.6 Asbestos NOT Detected. Absent Absent
Organic Fibres

22-40290-13 | 12547621-BH-102 1.5 Asbestos NOT Detected. Absent Absent
Organic Fibres

Information in the above table supplied by the client: Client Sample ID.

Asbestos in Soil (Qualitative) Approver:

Aleesha van Eeden, M.Sc.
Technician

Method Summary

Asbestos Fibres in  Sample analysis was performed using polarised light microscopy with dispersion staining in
Soil (Qualitative) accordance with AS4964-2004 Method for the qualitative identification of asbestos in bulk
samples.

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light
microscopy, dispersion staining and trace analysis techniques.

Note 2: Trace asbestos is indicative that freely liberated respirable fibres are present and dust
control measures should be implemented or increased on site. This is not the sole indicator for the
friable nature of the asbestos present.

Note 3: If mineral fibres of unknown type are detected, by PLM and dispersion staining, these may
or may not be asbhestos fibres. To confirm the identity of this fibre, another independent analytical
technique such as XRD analysis is advised.

Note 4: The laboratory does not take responsibility for the sampling procedure or accuracy of
sample location description.

Report ID 22-40290(1,5-8,10-13)_SoilPA-[R00] Page 2 of 2 Report Date 8/11/2022
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
34 Brisbane Street

Sydenham

Christchurch
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-40546
Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny FitzGerald
Dunedin 9016 Date Received:  07/11/2022
Attention:  Cecilia Gately Testing Initiated:  7/11/2022
Phone: 021973994 Date Completed: 9/11/2022
Email: danny.fitzgerald@ghd.com Order Number:  N/A

Reference: 12547621
Sampling Site: Green Island LF

Description of Work: Soil - Green Island LF

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

AMENDED REPORT. This report replaces in full a previous version 22-40546[R00] sent on 09/11/2022. Changes have
been made to the Client Sample ID's as per request of the client.

Asbestos in Soil (Qualitative)
Sample Details

Laboratory ID Client Sample ID Sample Location Sample Description Date Sampled Date Analysed

22-40546-1 Lzl - 2l b ey N/A Soil 07/11/2022 09/11/2022
22-40546-2 Lzl - 21 b e N/A Soil 07/11/2022 09/11/2022
22-40546-3 Ltz - 21 b ey N/A Soil 07/11/2022 09/11/2022

Information in the above table supplied by the client: Client Sample ID, Sample Location, Date Sampled.

. . Trace Asbestos Asbestos
L t ID lient le ID F T
aboratory Client Sample ibre Types (Presence / Absence) (Presence / Absence)
22-40546-1 12547621 - BH - 111 (0.5) Asbestos N_OT_Detected. Absent Absent
Organic Fibres
22-40546-2 12547621 - BH - 111 (1.5) Asbestos N_OT_Detected. Absent Absent
Organic Fibres
22-40546-3 12547621 - BH - 111 (3.2) Asbestos N_OT_Detected. Absent Absent
Organic Fibres
Information in the above table supplied by the client: Client Sample ID.
Asbestos in Soil (Qualitative) Approver:
Aleesha van Eeden, M.Sc.
Technician
All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests GOREDITE,
marked *, which are not accredited. v
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
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Method Summary

Asbestos Fibres in  Sample analysis was performed using polarised light microscopy with dispersion staining in
Soil (Qualitative) accordance with AS4964-2004 Method for the qualitative identification of asbestos in bulk
samples.

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light
microscopy, dispersion staining and trace analysis techniques.

Note 2: Trace asbestos is indicative that freely liberated respirable fibres are present and dust
control measures should be implemented or increased on site. This is not the sole indicator for the
friable nature of the asbestos present.

Note 3: If mineral fibres of unknown type are detected, by PLM and dispersion staining, these may
or may not be asbhestos fibres. To confirm the identity of this fibre, another independent analytical
technique such as XRD analysis is advised.

Note 4: The laboratory does not take responsibility for the sampling procedure or accuracy of
sample location description.

Report ID 22-40546_So0ilPA-[R01] Page 2 of 2 Report Date 9/11/2022
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-40820

Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny FitzGerald

Dunedin 9016 Date Received:  09/11/2022
Testing Initiated: 9/11/2022

Attention:  Cecilia Gately Date Completed: 24/11/2022

Phone: 021973 994 Order Number:

Email: danny.fitzgerald@ghd.com Reference: 12547621

Sampling Site:

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

Heavy Metals in Soil

12547621- 12547621- 12547621-
Client Sample ID  BH-111(0.5) BH-111(1.5) BH-111(3.2)
0.5 1.5 3.2

12547621-Dup

Date Sampled 07/11/2022 07/11/2022 07/11/2022 07/11/2022

Arsenic mg/kg dry wt | 0.125 1.7 8.9 9.0 9.6
Beryllium mg/kg dry wt 0.013 1.2 1.3 1.35 1.75
Boron mg/kg dry wt 1.25 8.4 20 14 15

Cadmium mg/kg dry wt 0.005 0.11 2.18 0.18 0.32
Chromium mg/kg dry wt | 0.125 90.5 34.6 52.7 58.3
Copper mg/kg dry wt 0.075 59.1 40.3 25.2 34.3
Lead mg/kg dry wt 0.25 49.1 179 32.9 62.2
Mercury mg/kg dry wt 0.025 <0.025 0.12 0.12 0.21
Nickel mg/kg dry wt 0.05 105 32.7 454 49.0
Zinc mg/kg dry wt 0.05 127 403 179 236

Polycyclic Aromatic Hydrocarbons - Soil

12547621- 12547621- 12547621-
Client Sample ID ~ BH-111(0.5) BH-111(1.5) BH-111(3.2)
0.5 1.5 3.2

Date Sampled 07/11/2022 07/11/2022 07/11/2022

1-Methylnaphthalene mg/kg dry wt 0.01 <0.010 0.093 <0.010

2-Methylnaphthalene mg/kg dry wt 0.01 <0.010 0.12 <0.010

Acenaphthene mg/kg dry wt 0.01 <0.010 0.038 <0.010

Acenaphthylene mg/kg dry wt 0.01 <0.010 0.091 0.012

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests GOREDITE,
marked *, which are not accredited. v

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
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Polycyclic Aromatic Hydrocarbons - Soil

12547621- 12547621- 12547621-
Client Sample ID  BH-111(0.5) BH-111(1.5) BH-111(3.2)
0.5 1.5 3.2
Date Sampled 07/11/2022 07/11/2022 07/11/2022
Anthracene mg/kg dry wt 0.01 <0.010 0.19 0.019
Benz[a]anthracene mg/kg dry wt 0.02 <0.020 0.41 0.076
Benzo[a]pyrene mg/kg dry wt 0.01 <0.010 0.66 0.10
e L | mg/kg dry wt | 0.02 <0.020 0.78 011
Benzo[g,h,i]perylene mg/kg dry wt 0.02 <0.020 0.34 0.063
Benzo[k]fluoranthene mg/kg dry wt 0.01 <0.010 0.29 0.038
Chrysene mg/kg dry wt 0.01 <0.010 0.42 0.077
Dibenz(a,h)anthracene  mg/kg dry wt 0.01 <0.010 0.086 0.021
Fluoranthene mg/kg dry wt 0.02 <0.020 0.63 0.18
Fluorene mg/kg dry wt 0.01 <0.010 0.097 <0.010
Indeno(1,2,3-cd)pyrene  mg/kg dry wt 0.01 <0.010 0.48 0.078
Naphthalene mg/kg dry wt 0.01 <0.010 0.28 <0.010
Phenanthrene mg/kg dry wt 0.01 <0.010 0.66 0.066
Pyrene mg/kg dry wt 0.02 <0.020 0.52 0.19
a%‘;?[a]pyre“e TEQ  gkgdrywt | 0.03 0.030 0.96 0.16
?zee”ré‘)’[a]pyre“e TEQ  gkgdrywt | 0.01 <0.010 0.96 0.16
g‘&t‘rﬁé’;’;"m %| 1 99 94 100

Total Petroleum Hydrocarbons - Soil

12547621-
Client Sample ID BH-111(1.5)
15

Date Sampled 07/11/2022

C7-C9 mg/kg dry wt 10 <10
C10-C14 mg/kg dry wt 15 40
C15-C36 mg/kg dry wt 25 681
C7-C36 (Total) mg/kg dry wt 50 721

Moisture Content

12547621- 12547621- 12547621-
Client Sample ID  BH-111(0.5) BH-111(1.5) BH-111(3.2)
0.5 15 3.2

Date Sampled 07/11/2022 07/11/2022 07/11/2022

Moisture Content % 1 14 49 24

Semivolatile Organic Compounds - Soil

12547621- 12547621-
Client Sample ID ~ BH-111(1.5) BH-111(3.2)
15 3.2

Date Sampled 07/11/2022 07/11/2022

Phenol mg/kg dry wt 0.3 <0.30 <0.30
2-Chlorophenol mg/kg dry wt 0.3 <0.30 <0.30
2-Methylphenol mg/kg dry wt 0.3 <0.30 <0.30
2-Nitrophenol mg/kg dry wt 1.0 <1.0 <1.0
Report ID 22-40820-[R00] Page 2 of 5 Report Date 24/11/2022
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Semivolatile Organic Compounds - Soil

12547621- 12547621-
Client Sample ID  BH-111(1.5) BH-111(3.2)
15 3.2

Date Sampled 07/11/2022 07/11/2022
2,4-Dimethylphenol mg/kg dry wt 0.3 <0.30 <0.30
2,4-Dichlorophenol mg/kg dry wt 0.3 <0.30 <0.30
2,6-Dichlorophenol mg/kg dry wt 0.3 <0.30 <0.30
- gﬂ';g;ol mgkg drywt | 0.3 <0.30 <0.30
2,4,5-Trichlorophenol mg/kg dry wt 5 <5.0 <5.0
2,4,6-Trichlorophenol mg/kg dry wt 5 <5.0 <5.0
'%St’rifhlorophenol ) gy et 2 <5.0 <5.0
4-Methylphenol mg/kg dry wt 0.3 <0.30 <0.30
Naphthalene mg/kg dry wt 0.1 0.12 <0.10
2-Methylnaphthalene mg/kg dry wt 0.1 0.11 <0.10
2-Chloronaphthalene mg/kg dry wt 0.3 <0.30 <0.30
Acenaphthene mg/kg dry wt 0.1 <0.10 <0.10
Acenaphthylene mg/kg dry wt 0.1 0.14 <0.10
Fluorene mg/kg dry wt 0.1 0.13 <0.10
Phenanthrene mg/kg dry wt 0.1 0.58 0.14
Anthracene mg/kg dry wt 0.1 0.18 <0.10
2-Phenylphenol mg/kg dry wt 0.5 <0.50 <0.50
Fluoranthene mg/kg dry wt 0.1 0.96 0.33
Benzo[a]anthracene mg/kg dry wt 0.1 0.35 <0.10
Chrysene mg/kg dry wt 0.1 0.36 0.13
Eési‘éi'tzthy'hexy') mg/kgdrywt | 0.5 <0.50 <0.50
Effunggr?tﬁgge mg/kgdrywt | 0.1 0.74 0.26
Benzo[k]fluoranthene mg/kg dry wt 0.1 0.31 0.13
Benzo[a]pyrene mg/kg dry wt 0.1 0.62 0.24
Indeno(1,2,3-c,d)pyrene  mg/kg dry wt 0.1 0.48 0.19
Dibenzo[a,h]anthracene mg/kg dry wt 0.1 0.17 <0.10
Benzo[g,h,i]perylene mg/kg dry wt 0.1 0.36 0.15
Pyrene mg/kg dry wt 0.2 0.87 0.30
R%‘é;’[a]pyre“e TEQ  mgkgdrywt| 02 1.0 0.40
?Zee”rzg’[a]pyre“e TEQ  mgkgdrywt| 0.1 1.0 0.30
4,4'-DDD mg/kg dry wt 0.3 0.38 <0.30
4,4'-DDE mg/kg dry wt 0.3 <0.30 <0.30
4,4'-DDT mg/kg dry wt 0.5 <0.50 <0.50
alpha-BHC mg/kg dry wt 0.3 <0.30 <0.30
beta-BHC mg/kg dry wt 0.3 <0.30 <0.30
gamma-BHC (Lindane)  mg/kg dry wt 0.3 <0.30 <0.30
delta-BHC mg/kg dry wt 0.3 <0.30 <0.30
Aldrin mg/kg dry wt 0.3 <0.30 <0.30
cis-Chlordane mg/kg dry wt 0.3 <0.30 <0.30
trans-Chlordane mg/kg dry wt 0.3 <0.30 <0.30
Dieldrin mg/kg dry wt 0.5 <0.50 <0.50
Endosulfan | mg/kg dry wt 0.3 <0.30 <0.30
Endosulfan Il mg/kg dry wt 0.5 <0.50 <0.50
Endosulfan sulfate mg/kg dry wt 0.5 <0.50 <0.50
Endrin mg/kg dry wt 0.5 <0.50 <0.50
Endrin aldehyde mg/kg dry wt 0.5 <0.50 <0.50
Endrin ketone mg/kg dry wt 0.5 <0.50 <0.50
Hexachlorobenzene mg/kg dry wt 0.3 <0.30 <0.30
Heptachlor mg/kg dry wt 0.3 <0.30 <0.30
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Semivolatile Organic Compounds - Soil

12547621- 12547621-
Client Sample ID  BH-111(1.5) BH-111(3.2)
15 3.2

Date Sampled 07/11/2022 07/11/2022
Heptachlor epoxide mg/kg dry wt 0.3 <0.30 <0.30
Methoxychlor mg/kg dry wt 0.5 <0.50 <0.50
;‘i%e;tgy'hexy') mg/kgdrywt | 0.5 0.50 <0.50
Butyl benzyl phthalate mg/kg dry wt 0.5 <0.50 <0.50
Di-n-butyl phthalate mg/kg dry wt 1 <1.0 <1.0
Di-n-octyl phthalate mg/kg dry wt 0.5 <0.50 <0.50
Diethyl phthalate mg/kg dry wt 0.3 <0.30 <0.30
Dimethyl phthalate mg/kg dry wt 0.3 <0.30 <0.30
N-Nitrosodiphenylamine  mg/kg dry wt 0.3 <0.30 <0.30
’F\)‘r'g‘p';gsng’ﬂ'é"' mg/kg drywt | 0.3 <0.30 <0.30
2,4-Dinitrotoluene mg/kg dry wt 0.3 <0.30 <0.30
2,6-Dinitrotoluene mg/kg dry wt 0.3 <0.30 <0.30
Azobenzene mg/kg dry wt 0.5 <0.50 <0.50
Isophorone mg/kg dry wt 0.5 <0.50 <0.50
Nitrobenzene mg/kg dry wt 0.3 <0.30 <0.30
4-Bromophenyl phenyl o gy we | 03 <0.30 <0.30

ether
4-Chlorophenyl phenyl o qrywe | 0.3 <0.30 <0.30
ether

Bis(2-Chloroethyl) ether mg/kg dry wt 0.3 <0.30 <0.30

Bis(2-Chloro-1-

methylethyl) ether mg/kg dry wt 0.3 <0.30 <0.30
Bis(2-Chloroethoxy)

methane mg/kg dry wt 0.3 <0.30 <0.30
1,2-Dichlorobenzene mg/kg dry wt 0.3 <0.30 <0.30
1,3-Dichlorobenzene mg/kg dry wt 0.3 <0.30 <0.30
1,4-Dichlorobenzene mg/kg dry wt 0.3 <0.30 <0.30
Hexachlorobutadiene mg/kg dry wt 0.3 <0.30 <0.30
reexachlorocylopentadle mg/kg dry wt 0.3 <0.30 <0.30
Hexachloroethane mg/kg dry wt 0.3 <0.30 <0.30
4-Chloroaniline mg/kg dry wt 1.0 <1.0 <1.0
2-Nitroaniline mg/kg dry wt 0.3 <0.30 <0.30
3-Nitroaniline mg/kg dry wt 0.5 <0.50 <0.50
Aniline mg/kg dry wt 1.0 <1.0 <1.0
3,3-Dichlorobenzidine mg/kg dry wt 0.5 <0.50 <0.50
Dibenzofuran mg/kg dry wt 0.3 <0.30 <0.30
Methyl

methanesulfonate UL CIETT L0 <10 <10
Ethyl methanesulfonate  mg/kg dry wt 1 <1.0 <1.0
Benzyl alcohol mg/kg dry wt 1 <1.0 <1.0
Phenol-d5 (Surrogate) % 1 89 90
2-Fluorophenol ®

(Surrogate) 4 L ot 93
2-Fluorobiphenyl ®

(Surrogate) 4 L 98 100
2,4,6-Tribromophenol ®

(Surrogate) 4 L 98 120
p-Terphenyl-d14 ®

(Surrogate) 4 L 96 93
Nitrobenzene-d5 o

(Surrogate) 4 L 98 98
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Method Summary

Elements in Soil Samples dried and passed through a 2 mm sieve followed by acid digestion and analysis by ICP-
MS. In accordance with in-house procedure based on US EPA method 200.8.

PAH in Soil Solvent extraction, silica cleanup, followed by GC-MS analysis.
Benzo[a]pyrene TEQ (LOR): The most conservative TEQ estimate, where a result is reported as
less than the limit of reporting (LOR) the LOR value is used to calculate the TEQ for that PAH.
Benzo[a]pyrene TEQ (Zero): The least conservative TEQ estimate, PAHs reported as less than
the limit of reporting (LOR) are not included in the TEQ calculation.
Benzol[a]pyrene toxic equivalence (TEQ) is calculated according to '‘Methodology for Deriving
Standards for Contaminants in Soil to Protect Human Health'. Ministry for the Environment. 2011.
(In accordance with in-house procedure).

TPH in Soil Solvent extraction, silica cleanup, followed by GC-FID analysis. (C7-C36). (In accordance with in-
house procedure based on US EPA 8015).
Moisture Moisture content is determined gravimetrically by drying at 103 °C.
SVOC in Soil Solvent extraction, followed by GC-MS analysis.(In-house based on US EPA 8270).
Ol ooshv Gouy ik
o] (Dpjoashv o ubenko
Thara Samarasinghe, B.Sc. Astra Southwood Prianshu Chawla, BTech Yuri Zubenko, Ph.D.
Technician Lab Technician Technologist Senior Technologist
Report ID 22-40820-[R00] Page 5 of 5 Report Date 24/11/2022
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Unit 1, 30 Greenpark Road
Penrose

Auckland
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-40968
Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny Fitzgerald
Dunedin 9016 Date Received:  09/11/2022
Attention: Danny Fitzgerald Testing Initiated:  9/11/2022
Phone: 021 973 994 Date Completed: 14/11/2022
Email: danny.fitzgerald@ghd.com Order Number:  N/A

Reference: 12547621
Sampling Site: Green Island LF

Description of Work: Soils - Green Island LF

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

Asbestos in Soil (Semi-Quantitative)
Sample Details

Laboratory ID Client Sample ID Sample Location Sample Description Date Sampled Date Analysed

22-40968-1 12547621-BH-107 (0.5) N/A Soil 09/11/2022 14/11/2022
Information in the above table supplied by the client: Client Sample ID, Sample Location, Date Sampled

Analysis Results (Summary)

Sample Weight ~ Moisture Trace Asbestos Asbestos

CELA G ElEp=aRER Al as Received Content  (Presence / Absence) (Presence / Absence)

Asbestos NOT Detected.

22-40968-1 12547621-BH-107 (0.5) - 1,152.0 18.2 Absent Absent
Organic Fibres

Information in the above table supplied by the client: Client Sample ID

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests (COREDITE,

marked *, which are not accredited.

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
A e
“:r)} &
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Analysis Results (Size Fraction Breakdown)

Fraction  Fraction AF/FA ACM ACM Asbestos Matrix Asbestos  W/W%
Size Weight* ~ Weight*  Weight*  Content* Weight*  Asbestos*

Laboratory ID Client Sample ID

>10mm 215.00 0.0000 0.0000 0 No Asbestos Detected 0.0000 <0.001
_BH- (ACM)
22-40968-1 Ll S 2-10mm 425.50 0.0000 - - No Asbestos Detected 0.0000
(0.5)
<0.001
<2mm | 302.00 | 0.0000 - - No Asbestos Detected | 0.0000 | (AF/FA)
Information in the above table supplied by the client: Client Sample ID

Asbestos in Soil (Semi-Quantitative) Approver:

Emily Wang, M.Sc.
Laboratory Technician

Method Summary

Asbestos Fibres in  Sample analysis was performed using polarised light microscopy with dispersion staining in
Soil (Semi- accordance with AS4964-2004 Method for the qualitative identification of asbestos in soil
Quantitative) samples.

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light
microscopy, dispersion staining and trace analysis techniques.

Note 2: Trace asbestos is indicative that freely liberated respirable fibres are present and dust
control measures should be implemented or increased on site. This is not the sole indicator for the
friable nature of the asbestos present.

Note 3: If mineral fibres of unknown type are detected, by PLM and dispersion staining, these may
or may not be asbhestos fibres. To confirm the identity of this fibre, another independent analytical
technique such as XRD analysis is advised.

Note 4: The laboratory does not take responsibility for the sampling procedure or accuracy of
sample location description.

Report ID 22-40968(1)_SoilSQ-[R0O0] Page 2 of 2 Report Date 14/11/2022
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Unit 1, 30 Greenpark Road
Penrose

Auckland
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-40968
Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny Fitzgerald
Dunedin 9016 Date Received:  09/11/2022
Attention: Danny Fitzgerald Testing Initiated:  9/11/2022
Phone: 021 973 994 Date Completed: 14/11/2022
Email: danny.fitzgerald@ghd.com Order Number:  N/A

Reference: 12547621
Sampling Site: Green Island LF

Description of Work: Soils - Green Island LF

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

Asbestos in Soil (Qualitative)
Sample Details

Laboratory ID Client Sample ID Sample Location Sample Description Date Sampled Date Analysed
22-40968-2 12547621-BH-108 (0.5) N/A Soil 09/11/2022 14/11/2022
22-40968-3 12547621-BH-108 (1.9) N/A Soil 09/11/2022 14/11/2022
22-40968-4 12547621-BH-108 (3.3) N/A Soil 09/11/2022 14/11/2022
22-40968-5 12547621-BH-104 (0.5) N/A Soil 09/11/2022 14/11/2022
22-40968-6 12547621-BH-104 (1.0) N/A Soil 09/11/2022 14/11/2022
22-40968-7 12547621-BH-104 (2.0) N/A Soil 09/11/2022 14/11/2022

Information in the above table supplied by the client: Client Sample ID, Sample Location, Date Sampled.

Trace Asbestos Asbestos
(Presence / Absence) (Presence / Absence)

Laboratory ID Client Sample ID Fibre Types

22-40968-2 12547621-BH-108 (0.5) ASbegf;a':igLiEf;:ded' Absent Absent

22-40968-3 12547621-BH-108 (1.9) ASbegf;a':igLiEf;:ded' Absent Absent

22-40968-4 12547621-BH-108 (3.3) ASbegf;a':igLiEf;:ded' Absent Absent

22-40968-5 12547621-BH-104 (0.5) ASbegf;a':igLiEf;:ded' Absent Absent

22-40968-6 12547621-BH-104 (1.0) ASbegf;a':igLiEf;:ded' Absent Absent

22-40968-7 12547621-BH-104 (2.0) ASbegf;a':igLiEf;:ded' Absent Absent

Information in the above table supplied by the client: Client Sample ID.

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests (COREDITE,

marked *, which are not accredited.

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
A e
S, &
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Asbestos in Soil (Qualitative) Approver:

Emily Wang, M.Sc.
Laboratory Technician

Method Summary

Asbestos Fibres in  Sample analysis was performed using polarised light microscopy with dispersion staining in
Soil (Qualitative) accordance with AS4964-2004 Method for the qualitative identification of asbestos in bulk
samples.

Note 1: The reporting limit for this analysis is 0.1g/kg (0.01%) by application of polarised light
microscopy, dispersion staining and trace analysis techniques.

Note 2: Trace asbestos is indicative that freely liberated respirable fibres are present and dust
control measures should be implemented or increased on site. This is not the sole indicator for the
friable nature of the asbestos present.

Note 3: If mineral fibres of unknown type are detected, by PLM and dispersion staining, these may
or may not be asbestos fibres. To confirm the identity of this fibre, another independent analytical
technique such as XRD analysis is advised.

Note 4: The laboratory does not take responsibility for the sampling procedure or accuracy of
sample location description.

Report ID 22-40968(2-7)_SoilPA-[R00] Page 2 of 2 Report Date 14/11/2022
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories



ANALYTICA
LABORATORIES

)

Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd
Level 1, Bing Harris Building, 286 Princess Street, Dunedin
Dunedin 9016

Attention: Cecilia Gately

Phone: 021 973 994

Email: danny.fitzgerald@ghd.com
Sampling Site: Green Island LF

Report Comments

Lab Reference:
Submitted by:
Date Received:
Testing Initiated:

22-41184

Danny FitzGerald
10/11/2022
11/11/2022

Date Completed: 16/11/2022
Order Number:

Reference:

12547621

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in

acceptable condition unless otherwise noted on this report.
Specific testing dates are available on request.

Heavy Metals in Soil

12547621 - BH -
Client Sample ID 108

Date Sampled

0.5

09/11/2022

12547621 - BH -
108
1.9

09/11/2022

12547621 - BH - 12547621 - 12547621 - BH -
108 DUP-2 104

&8

09/11/2022

09/11/2022

0.5

09/11/2022

Arsenic mg/kg dry wt | 0.125 2.4 7.2 9.1 7.1 7.7
Beryllium mg/kg dry wt 0.013 0.48 1.42 3.15 1.33 1.79
Boron mg/kg dry wt 1.25 1.3 7.6 40 7.9 3.4
Cadmium mg/kg dry wt 0.005 0.0056 0.16 0.42 0.16 0.15
Chromium mg/kg dry wt | 0.125 11 50.1 34.7 49.4 46.6
Copper mg/kg dry wt 0.075 3.3 20.9 54.2 20.8 38.3
Lead mg/kg dry wt 0.25 11.7 52.9 316 42.8 70.7
Mercury mg/kg dry wt | 0.025 <0.025 0.28 0.21 0.27 0.078
Nickel mg/kg dry wt 0.05 3.9 38.0 31.6 35.9 35.8
Zinc mg/kg dry wt 0.05 20.3 124 303 121 115
Heavy Metals in Soil
12547621 - BH - 12547621 - BH -
Client Sample ID 104 104
1.0 2.0
Date Sampled 09/11/2022 09/11/2022
Arsenic mg/kg dry wt | 0.125 4.1 8.9
Beryllium mg/kg dry wt 0.013 0.91 0.81
Boron mg/kg dry wt 1.25 25 11
Cadmium mg/kg dry wt 0.005 0.070 0.12
All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests (COREDITE,
marked *, which are not accredited.
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. l A“
A P
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Heavy Metals in Soil
12547621 - BH -

Client Sample ID

12547621 - BH -

Date Sampled 09/11/2022 09/11/2022
Chromium mg/kg dry wt 0.125 27.3 27.6
Copper mg/kg dry wt | 0.075 18.0 16.9
Lead mg/kg dry wt 0.25 26.9 16.5
Mercury mg/kg dry wt | 0.025 0.033 0.039
Nickel mg/kg dry wt 0.05 19.3 18.9
Zinc mg/kg dry wt 0.05 68.1 68.3

Polycyclic Aromatic Hydrocarbons - Soil

12547621 - BH -
Client Sample ID 108
0.5

09/11/2022

Date Sampled

12547621 - BH -
108
1.9

09/11/2022

12547621 - BH -
108
BE3

09/11/2022

12547621 -
DUP-2

09/11/2022

12547621 - BH -
104
0.5

09/11/2022

1-Methylnaphthalene mg/kg dry wt 0.01 <0.010 <0.010 0.046 <0.010 2.1
2-Methylnaphthalene mg/kg dry wt 0.01 <0.010 <0.010 0.051 0.011 1.7
Acenaphthene mg/kg dry wt 0.01 <0.010 <0.010 0.033 0.026 12
Acenaphthylene mg/kg dry wt 0.01 <0.010 0.031 0.055 0.14 53
Anthracene mg/kg dry wt 0.01 <0.010 0.054 0.16 15 93
Benz[a]anthracene mg/kg dry wt 0.02 <0.020 0.22 0.73 4.6 320
Benzo[a]pyrene mg/kg dry wt 0.01 <0.010 0.35 0.75 2.7 290
e L | mg/kg drywt | 0.02 <0.020 0.37 11 4.0 500
Benzo[g,h,i]perylene mg/kg dry wt 0.02 <0.020 0.21 0.43 1.2 170
Benzo[k]fluoranthene mg/kg dry wt 0.01 <0.010 0.18 0.55 1.8 220
Chrysene mg/kg dry wt 0.01 <0.010 0.38 0.92 3.7 320
Dibenz(a,h)anthracene  mg/kg dry wt 0.01 <0.010 0.040 0.12 0.43 50
Fluoranthene mg/kg dry wt 0.02 <0.020 0.42 11 5.4 420
Fluorene mg/kg dry wt 0.01 <0.010 0.017 0.082 0.30 23
Indeno(1,2,3-cd)pyrene  mg/kg dry wt 0.01 <0.010 0.21 0.48 15 220
Naphthalene mg/kg dry wt 0.01 <0.010 <0.010 0.077 0.017 2.3
Phenanthrene mg/kg dry wt 0.01 <0.010 0.15 0.58 4.8 220
Pyrene mg/kg dry wt 0.02 <0.020 0.45 1.2 4.9 380
a%‘;?[a]pyre“e TEQ  gkgdrywt | 0.03 0.030 0.49 12 44 470
?zee”ré‘)’[a]pyre“e TEQ  gkgdrywt | 0.01 <0.010 0.49 12 4.4 470
(Asr‘l}t‘r?g;’;‘)"dlo %| 1 95 99 110 120 110

Polycyclic Aromatic Hydrocarbons - Soil

12547621 - BH -
Client Sample ID 104
1.0

09/11/2022

Date Sampled

12547621 - BH -
104
2.0

09/11/2022

1-Methylnaphthalene mg/kg dry wt 0.01 0.014 0.012
2-Methylnaphthalene mg/kg dry wt 0.01 0.021 0.015
Acenaphthene mg/kg dry wt 0.01 0.010 0.019
Acenaphthylene mg/kg dry wt 0.01 0.011 0.027
Anthracene mg/kg dry wt 0.01 0.015 0.12
Benz[a]anthracene mg/kg dry wt 0.02 0.039 0.28
Benzo[a]pyrene mg/kg dry wt 0.01 0.058 0.32
Report ID 22-41184-[R00] Page 2 of 4 Report Date 16/11/2022

This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories




Polycyclic Aromatic Hydrocarbons - Soil

12547621 - BH - 12547621 - BH -

Client Sample ID 104 104
1.0 2.0
Date Sampled 09/11/2022 09/11/2022

Benzo[b]&[j]
fluoranthene mg/kg dry wt 0.02 0.058 0.33
Benzo[g,h,i]perylene mg/kg dry wt 0.02 0.026 0.14
Benzo[k]fluoranthene mg/kg dry wt 0.01 0.028 0.17
Chrysene mg/kg dry wt 0.01 0.059 0.41
Dibenz(a,h)anthracene  mg/kg dry wt 0.01 <0.010 0.032
Fluoranthene mg/kg dry wt 0.02 0.076 0.65
Fluorene mg/kg dry wt 0.01 0.015 0.050
Indeno(1,2,3-cd)pyrene  mg/kg dry wt 0.01 0.029 0.16
Naphthalene mg/kg dry wt 0.01 0.083 0.19
Phenanthrene mg/kg dry wt 0.01 0.032 0.43
Pyrene mg/kg dry wt 0.02 0.083 0.63
Benzo[a]pyrene TEQ
(LOR) mg/kg dry wt 0.03 0.080 0.46
Benzo[a]pyrene TEQ
(zero) mg/kg dry wt 0.01 0.070 0.46
Anthracene-d10 o
(Surrogate) % ! 100 110

Moisture Content

12547621 - BH - 12547621 -BH - 12547621 - BH - 12547621 - 12547621 - BH -
Client Sample ID 108 108 108 DUP-2 104
0.5 1.9 BE3 0.5

Date Sampled 09/11/2022 09/11/2022 09/11/2022 09/11/2022 09/11/2022

Moisture Content % 1 19 23 15 24 19

Moisture Content

12547621 - BH - 12547621 - BH -
Client Sample ID 104 104
1.0 2.0

Date Sampled 09/11/2022 09/11/2022

Moisture Content % 1 19 26

Method Summary

Elements in Soil Samples dried and passed through a 2 mm sieve followed by acid digestion and analysis by ICP-
MS. In accordance with in-house procedure based on US EPA method 200.8.

PAH in Soil Solvent extraction, silica cleanup, followed by GC-MS analysis.
Benzo[a]pyrene TEQ (LOR): The most conservative TEQ estimate, where a result is reported as
less than the limit of reporting (LOR) the LOR value is used to calculate the TEQ for that PAH.
Benzo[a]pyrene TEQ (Zero): The least conservative TEQ estimate, PAHs reported as less than
the limit of reporting (LOR) are not included in the TEQ calculation.
Benzol[a]pyrene toxic equivalence (TEQ) is calculated according to 'Methodology for Deriving
Standards for Contaminants in Soil to Protect Human Health'. Ministry for the Environment. 2011.
(In accordance with in-house procedure).

Moisture Moisture content is determined gravimetrically by drying at 103 °C.

Report ID 22-41184-[R00] Page 3 0f 4 Report Date 16/11/2022
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories
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Jarred Wilson, DipSci Astra Southwood Prianshu Chawla, B.Tech Brent Boynes
Trace Elements Team Leader Lab Technician Technologist Lab Technician
Report ID 22-41184-[R00] Page 4 of 4 Report Date 16/11/2022
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ANALYTICA
LABORATORIES

Analytica Laboratories Limited
Ruakura Research Centre

10 Bisley Road

Hamilton
sales@analytica.co.nz
www.analytica.co.nz

Certificate of Analysis

GHD Ltd Lab Reference:  22-42925

Level 1, Bing Harris Building, 286 Princess Street, Dunedin  Submitted by: Danny Fitzgerald

Dunedin 9016 Date Received:  24/11/2022
Testing Initiated: 24/11/2022

Attention:  Cecilia Gately Date Completed: 29/11/2022

Phone: 021 973 994 Order Number:

Email: danny.fitzgerald@ghd.com Reference: 12547621

Sampling Site: Green Island Landfill

Report Comments

Samples were collected by yourselves (or your agent) and analysed as received at Analytica Laboratories. Samples were in
acceptable condition unless otherwise noted on this report.

Specific testing dates are available on request.

Polycyclic Aromatic Hydrocarbons - Soil

12547621-
BH-102
2.5

12547621-BH-107 12547621-BH-103 12547621-BH-103 12547621-BH-102
25 0.2 1.2 15

Client Sample ID

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

1-Methylnaphthalene mg/kg dry wt 0.01 0.028 <0.010 <0.010 <0.010 <0.010
2-Methylnaphthalene mg/kg dry wt 0.01 0.027 <0.010 <0.010 <0.010 <0.010
Acenaphthene mg/kg dry wt 0.01 0.033 <0.010 <0.010 <0.010 <0.010
Acenaphthylene mg/kg dry wt 0.01 0.067 0.017 0.028 <0.010 <0.010
Anthracene mg/kg dry wt 0.01 0.20 0.020 0.020 <0.010 <0.010
Benz[a]anthracene mg/kg dry wt 0.02 0.53 0.092 0.14 0.023 <0.020
Benzo[a]pyrene mg/kg dry wt 0.01 0.74 0.12 0.23 0.043 <0.010

S e mg/kg dry wt | 0.02 0.73 0.12 0.27 0.054 <0.020
Benzo[g,h,i]perylene mg/kg dry wt 0.02 0.26 0.064 0.13 0.028 <0.020
Benzo[k]fluoranthene mg/kg dry wt 0.01 0.26 0.044 0.091 0.015 <0.010
Chrysene mg/kg dry wt 0.01 0.52 0.095 0.20 0.038 <0.010
Dibenz(a,h)anthracene  mg/kg dry wt 0.01 0.061 0.012 0.023 <0.010 <0.010
Fluoranthene mg/kg dry wt 0.02 1.5 0.17 0.31 0.055 <0.020
Fluorene mg/kg dry wt 0.01 0.083 <0.010 <0.010 <0.010 <0.010
Indeno(1,2,3-cd)pyrene  mg/kg dry wt 0.01 0.35 0.082 0.17 0.037 <0.010
Naphthalene mg/kg dry wt 0.01 0.053 <0.010 <0.010 <0.010 <0.010
Phenanthrene mg/kg dry wt 0.01 0.58 0.057 0.083 0.015 <0.010
Pyrene mg/kg dry wt 0.02 1.4 0.17 0.32 0.060 <0.020
R%‘é;’[a]pyre“e TEQ  gkgdrywt | 0.03 1.0 0.17 0.32 0.070 0.030
?Zee”rg’[a]pyre“e TEQ  gkgdrywt | 0.01 1.0 0.17 0.32 0.060 <0.010

All tests reported herein have been performed in accordance with the laboratory's scope of accreditation with the exception of tests CCREDIT,
marked *, which are not accredited. " ¢
This test report shall not be reproduced except in full, without the written permission of Analytica Laboratories. ) l A“ R
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Polycyclic Aromatic Hydrocarbons - Soil

. 12547621-BH-107 12547621-BH-103 12547621-BH-103 12547621-BH-102  12247621-
Client Sample ID o5 0.2 12 15 BH-102

2.5

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Anthracene-d10

0,
(Surrogate) % 1 100 110 110 110 100

Moisture Content

12547621-BH-107 12547621-BH-103 12547621-BH-103 12547621-BH-102  “ors ool

Client Sample ID 2.5 0.2 1.2 1.5 25

Date Sampled 01/11/2022 01/11/2022 01/11/2022 01/11/2022 01/11/2022

Moisture Content % 1 21 23 53 48 27

Method Summary

PAH in Soil Solvent extraction, silica cleanup, followed by GC-MS analysis.
Benzo[a]pyrene TEQ (LOR): The most conservative TEQ estimate, where a result is reported as
less than the limit of reporting (LOR) the LOR value is used to calculate the TEQ for that PAH.
Benzo[a]pyrene TEQ (Zero): The least conservative TEQ estimate, PAHs reported as less than
the limit of reporting (LOR) are not included in the TEQ calculation.
Benzol[a]pyrene toxic equivalence (TEQ) is calculated according to '‘Methodology for Deriving
Standards for Contaminants in Soil to Protect Human Health'. Ministry for the Environment. 2011.
(In accordance with in-house procedure).

Moisture Moisture content is determined gravimetrically by drying at 103 °C.
Prianshu Chawla, B.Tech Brent Boynes
Technologist Lab Technician
Report ID 22-42925-[R00] Page 2 of 2 Report Date 29/11/2022
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Certificate of Analysis

o& eurofins

Environment Testing

SN2 SR )

. - :\\ Q// /;: All tests reported herelp
Analytica Laboratories LTD R have been per.Formed in
10 sy Ros HICWMRA NANIME | ccooconeowinve
Hamilton % ///_\\\ ¥ 4 «‘\"», «°Q‘ accreditation
New Zealand 3214 KRR Y6 Lago®
Attention: Customer Service
Report 938712-S
Project name
Project ID 22-40179
Received Date Nov 08, 2022
Client Sample ID 22-40179-1 22-40179-2 22-40179-3 22-40179-4
Sample Matrix Soil Soil Soil Soil

K22- K22- K22- K22-
Eurofins Sample No. No0015975 No0015976 No0015977 No0015978
Date Sampled Nov 02, 2022 Nov 02, 2022 Nov 02, 2022 Nov 02, 2022
Test/Reference LOR Unit
Polycyclic Aromatic Hydrocarbons (NZ MfE)
Acenaphthene 0.03 mg/kg <0.03 <0.03 <0.03 <0.03
Acenaphthylene 0.03 mg/kg <0.03 <0.03 <0.03 <0.03
Anthracene 0.03 mg/kg <0.03 <0.03 <0.03 <0.03
Benz(a)anthracene 0.03 mg/kg 0.07 0.06 <0.03 <0.03
Benzo(a)pyrene 0.03 mg/kg 0.06 0.05 <0.03 <0.03
Benzo(a)pyrene TEQ (lower bound)* 0.03 mg/kg 0.07 0.07 <0.03 <0.03
Benzo(a)pyrene TEQ (medium bound)* 0.03 mg/kg 0.09 0.09 0.04 0.04
Benzo(a)pyrene TEQ (upper bound)* 0.03 mg/kg 0.11 0.10 0.08 0.08
Benzo(b&;))fluorantheneMN’ 0.03 mg/kg 0.04 0.06 <0.03 <0.03
Benzo(g.h.i)perylene 0.03 mg/kg <0.03 0.06 <0.03 <0.03
Benzo(Kk)fluoranthene 0.03 mg/kg <0.03 0.06 <0.03 <0.03
Chrysene 0.03 mg/kg 0.09 0.09 <0.03 <0.03
Dibenz(a.h)anthracene 0.03 mg/kg <0.03 <0.03 <0.03 <0.03
Fluoranthene 0.03 mg/kg 0.11 0.11 <0.03 <0.03
Fluorene 0.03 mg/kg <0.03 <0.03 <0.03 <0.03
Indeno(1.2.3-cd)pyrene 0.03 mg/kg <0.03 0.03 <0.03 <0.03
Naphthalene 0.1 mg/kg <0.1 <0.1 <0.1 <0.1
Phenanthrene 0.03 mg/kg 0.07 0.05 <0.03 <0.03
Pyrene 0.03 mg/kg 0.13 0.11 <0.03 <0.03
p-Terphenyl-d14 (surr.) 1 % 83 79 73 77
2-Fluorobiphenyl (surr.) 1 % 76 68 62 61
Semivolatile Organics
1-Chloronaphthalene 0.5 mg/kg <0.5 <0.5 - -
1-Naphthylamine 0.5 mg/kg <05 <05 - -
1.2-Dichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.2.3-Trichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.2.3.4-Tetrachlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.2.3.5-Tetrachlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.2.4-Trichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.2.4.5-Tetrachlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.3-Dichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.3.5-Trichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
1.4-Dichlorobenzene 0.5 mg/kg <0.5 <0.5 - -
2-Chloronaphthalene 0.5 mg/kg <0.5 <0.5 - -
2-Chlorophenol 0.5 mg/kg <0.5 <0.5 - -
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Client Sample ID 22-40179-1 22-40179-2 22-40179-3 22-40179-4
Sample Matrix Soil Soil Soil Soil
K22- K22- K22- K22-
Eurofins Sample No. No0015975 No0015976 No0015977 No0015978
Date Sampled Nov 02, 2022 Nov 02,2022 |Nov 02,2022 |Nov 02, 2022
Test/Reference LOR Unit
Semivolatile Organics
2-Fluorobiphenyl (surr.) 1 % 76 68 - -
2-Methyl-4.6-dinitrophenol 5 mg/kg <5 <5 - -
2-Methylnaphthalene 0.5 mg/kg <0.5 <0.5 - -
2-Methylphenol (o-Cresol) 0.2 mg/kg <0.2 <0.2 - -
2-Naphthylamine 0.5 mg/kg <0.5 <0.5 - -
2-Nitroaniline 0.5 mg/kg <0.5 <0.5 - -
2-Nitrophenol 1 mg/kg <1 <1 - -
2-Picoline 0.5 mg/kg <0.5 <0.5 - -
2.3.4.6-Tetrachlorophenol 5 mg/kg <5 <5 - -
2.4-Dichlorophenol 0.5 mg/kg <0.5 <0.5 - -
2.4-Dimethylphenol 0.5 mg/kg <0.5 <0.5 - -
2.4-Dinitrophenol 5 mg/kg <5 <5 - -
2.4-Dinitrotoluene 0.5 mg/kg <0.5 <0.5 - -
2.4.5-Trichlorophenol mg/kg <1 <1 - -
2.4.6-Tribromophenol (surr.) % 92 85 - -
2.4.6-Trichlorophenol mg/kg <1 <1 - -
2.6-Dichlorophenol 0.5 mg/kg <0.5 <0.5 - -
2.6-Dinitrotoluene 0.5 mg/kg <0.5 <0.5 - -
3&4-Methylphenol (m&p-Cresol) 0.4 mg/kg <04 <04 - -
3-Methylcholanthrene 0.5 mg/kg <0.5 <0.5 - -
3.3"-Dichlorobenzidine 0.5 mg/kg <0.5 <0.5 - -
4-Aminobiphenyl 0.5 mg/kg <0.5 <0.5 - -
4-Bromophenyl phenyl ether 0.5 mg/kg <0.5 <0.5 - -
4-Chloro-3-methylphenol 1 mg/kg <1 <1 - -
4-Chlorophenyl phenyl ether 0.5 mg/kg <0.5 <0.5 - -
4-Nitrophenol 5 mg/kg <5 <5 - -
4.4'-DDD 0.01 mg/kg <0.01 <0.01 - -
4.4'-DDE 0.01 mg/kg <0.01 <0.01 - -
4.4-DDT 0.01 mg/kg <0.01 <0.01 - -
7.12-Dimethylbenz(a)anthracene 0.5 mg/kg <0.5 <0.5 - -
a-HCH 0.01 mg/kg <0.01 <0.01 - -
Acenaphthene 0.03 mg/kg <0.03 <0.03 - -
Acenaphthylene 0.03 mg/kg <0.03 <0.03 - -
Acetophenone 0.5 mg/kg <0.5 <0.5 - -
Aldrin 0.01 mg/kg <0.01 <0.01 - -
Aniline 0.5 mg/kg <0.5 <0.5 - -
Anthracene 0.03 mg/kg <0.03 <0.03 - -
b-HCH 0.01 mg/kg <0.01 <0.01 - -
Benz(a)anthracene 0.03 mg/kg 0.07 0.06 - -
Benzo(a)pyrene 0.03 mg/kg 0.06 0.05 - -
Benzo(a)pyrene TEQ (lower bound)* 0.03 mg/kg 0.07 0.07 - -
Benzo(a)pyrene TEQ (medium bound)* 0.03 mg/kg 0.09 0.09 - -
Benzo(a)pyrene TEQ (upper bound)* 0.03 mg/kg 0.11 0.10 - -
Benzo(b&;))fluorantheneN’ 0.03 mg/kg 0.04 0.06 - -
Benzo(g.h.i)perylene 0.03 mg/kg <0.03 0.06 - -
Benzo(Kk)fluoranthene 0.03 mg/kg <0.03 0.06 - -
Benzyl chloride 0.5 mg/kg <0.5 <0.5 - -
Bis(2-chloroethoxy)methane 0.5 mg/kg <0.5 <0.5 - -
Bis(2-chloroisopropyl)ether 0.5 mg/kg <0.5 <0.5 - -
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Client Sample ID 22-40179-1 22-40179-2 22-40179-3 22-40179-4
Sample Matrix Soil Soil Soil Soil
K22- K22- K22- K22-
Eurofins Sample No. No0015975 No0015976 No0015977 No0015978
Date Sampled Nov 02, 2022 Nov 02,2022 |Nov 02,2022 |Nov 02, 2022
Test/Reference LOR Unit
Semivolatile Organics
Bis(2-ethylhexyl)phthalate 0.5 mg/kg <0.5 <0.5 - -
Butyl benzyl phthalate 0.5 mg/kg <0.5 <0.5 - -
Chrysene 0.03 mg/kg 0.09 0.09 - -
d-HCH 