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1 Introduction

Tonkin & Taylor Ltd (T+T) has been engaged by Dunedin City Council (DCC) to undertake an
assessment of remedial options (ARO) for the Kettle Park Landfill located adjacent to St Clair Beach
in South Dunedin (the site).

This report identifies and assesses remediation options to mitigate and/or manage risks associated
with the exposure of waste at the site.

This report has been prepared in accordance with the DCC Scope of Work (SoW) signed 13 January
2025 (DCC purchase order 49024084). The persons undertaking, managing, and reviewing this report
for T+T are suitably qualified and experienced practitioners (SQEP), as required by the NESCS! and
defined in the NESCS Users’ Guide?.

1 Resource Management (National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect
Human Health) Regulations 2011.

2 Users Guide: National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human
Health. Ministry for the Environment, 2012.
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2 Project background

2.1 Site description and setting

The Kettle Park historical landfill is located landward of the St Clair-St Kilda beach dune system (refer
Figure 2.1). Waste was placed within the landfill from around 1900 to the early 1950s, with the
landfill capped in the 1960s and developed into sports fields which remain today. Coastal processes,
which are likely to be exacerbated by climate change, are expected to increase the erosion of the
dune system, and exposure of the landfill behind.

Figure 2.1: Location of the dune system (indicated in red, with wider Kettle Park site in yellow). Background
image sourced from Google Earth.

Kettle Park is comprised of a series of sports fields, and is located between the St. Kilda and St. Clair
beaches, Victoria Road and Marlow Park, and is bisected by Moana Rua Road. The landfill is within
land legally described as Sec 15, Blk XII, Dunedin. It is within a 36-hectare DCC landholding referred
to on the District Plan planning maps as consisting of the Ocean Beach Domain.

Kettle Park, to the east of Moana Rua Road, has a grassed surface and has a slight gradual incline
towards the east. The sports fields are relatively flat oriented north-south, before encountering the
base of the dunes which rises several metres to the dune crest.

There is an approximately 10 m height difference between the dune crest and the dune toe (upper
beach level). Both the beach and sports fields enjoy relatively high year-round use for recreational
purposes. An example of the elevation profile running north-south from the north of Kettle Park to
the beach below is presented in Figure 2.2 below.
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The surface and sides of the dune system across the investigated area comprise a mixture of
vegetative cover (e.g. marram grass, gorse and weed growth), windblown beach/dune sand and
patches of exposed fill material with varying amounts of rubbish (brick, concrete, asphalt, etc.).

Kettle Park surface

Kettle Park
northern edge

Dune system
crest

Elevation - Meters

St Clair beach below

0otkm  Oozkm  003km  004km  005km  0Oskm  007km 0Ok 0o9km  01km ottkm  012km
Distance - Kilometers

Figure 2.2: Schematic ground elevation profile across the Kettle Park sports fields and dune system to the south.

Elevation data sourced from Land Information New Zealand (LINZ).

Drawings and previous geomorphology reports® indicate that the Kettle Park area formerly
comprised a lagoon with low dunes on the landward side, and that the lagoon may have been
permanently or ephemerally present with a low (0.5 m high) sand ridge on the seaward side of the
lagoon. Modifications to the dune system through the early 20" Century prompted the creation of a
new foredune system. The former lagoon area then appears to have been used as a landfill.

The primary period of landfilling activities within the Kettle Park area appears to have begun
sometime after 1900 and was mostly complete by the 1960s with the sports fields remaining largely
the same since this time.

A 2020 T+T investigation report* indicates that materials of unknown provenance were placed along
the crest of the dune system to the south of the landfill in multiple stages between the 1960s and ca.
1985, following the development of buildings at the terminus of Moana Rua Road and various
parking and accessways.

2.2 Coastal processes

In 2023 T+T completed a coastal erosion hazard assessment (Appendix A) to understand the short,
medium and long-term coastal erosion exposure of the landfill.

While there has not been significant change in the high-water line since 1890, the relationship
between the beach and the hinterland has changed. Prior to the shoreline being modified, the wave
energy would have previously been dissipated across a wide beach, however under the current
configuration, the wave energy is focused on the edge of dune and hence increased erosion is
occurring.

The majority of current shoreline along Kettle Park is unprotected, however, there are reno
mattresses along the toe of the dune near Moana Rua which were placed in 2007 following storm
event. The shoreline adjacent to the western end of the landfill is protected by large geotextile bags
which were placed in 2019 and further west is the St Clair seawall which was first constructed in the
1860s and has undergone various repairs and replacement. In addition, in 2024, geobags were

3 Hilton, M., 2010: The Geomorphology of the Ocean Beach dune system — Implications for future management of Ocean
Beach Domain. Department of Geography, University of Otago, Prepared for Dunedin City Council.

4 Tonkin & Taylor Ltd. Ocean Beach Dunes. Ground Contamination Assessment and Management Options Assessment. Ref
27226.005.v1. November 2020.
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placed along the dune toe adjacent to Kettle Park to provide short term protection/stabilisation of
the dune toe. In the long-term end of wall effects are anticipated from the geobags, and DCC has
advised that some degree of end of wall effects have been observed since implementation. DCC has
also advised that modelling indicates that this end effect is likely to be very localised and only affects
a minimal proportion of the contaminated landfill.

The shoreline east of the landfill site is a relatively natural foredune along John Wilson Drive.

During the mid-1990s DCC undertook remedial work in response to coastal erosion which involved
removing waste from the dune crest and stabilising the upper foredune slope with plantings and
developing a walkway along the crest. However there has been ongoing erosion during storm events
with associated discharge of waste onto the beach, and the previous walkway along the crest no
longer exists

The T+T (2023) coastal erosion hazard assessment indicates that there is potential for up to 24 m
erosion of the dunes over the next 10 years. With future sea level rise, the Area Susceptible to
Coastal Erosion (ASCE) is predicted to extend up to 33 m landward by 2040 and up to 105 m
landward by 2130. If the shoreline is left to naturally recede with no intervention, there is potential
for approximately 176,300 m? of waste material to be discharged into the coastal environment over
the next 100 years (mid-range estimate).

Sediment transport within the dune system is primarily alongshore, driven by the prevailing
southwest winds. During storm events, the storm cut that naturally lowers beach levels at these
times results in natural sand exchange (erosion) from the dune behind, which moderates beach level
change and alongshore sediment transport to the east. Coastal protection structures that constrain
dune sediment have the potential to result in higher fluctuations in beach levels and more variable
along-shore transport rates. A reduction in alongshore transport from the west due to coastal
protection structures, in combination with natural transport rates to the east, has the potential to
result in shoreline regression, commonly described in relation to structures as ‘end-effects’.

West of the Kettle Park area, a number of coastal protection structures have been progressively
built, starting with a vertical sea wall at the esplanade, later fortified at its toe with rock armour.
Subsequent erosion at the eastern end of this structure was then managed with geosynthetic sand
containers that have also been progressively upgraded and extended in an eastern direction to
manage end effects, and likely a contributing factor to erosion rates in the Kettle Park area.

There is a gradation in energy within the embayment, from the relatively sheltered western end of
the system to the Kettle Park area further east. This means the end effects from similar coastal
protection structures in the Kettle Park area are likely to be more profoundly expressed further east.

2.3 Contamination investigations

T+T has completed a series of contamination investigations with the Kettle Park sports fields and
dune system since 2011°°78 to characterise the nature, extent and magnitude of landfill waste and
associated contamination. The findings of these investigations are summarised below.

5 Tonkin & Taylor Ltd. Ocean Beach, Dunedin: Coastal Buffer Zone Ground Contamination Assessment. Ref 27226 (V4). May
2011.

6 Tonkin & Taylor Ltd. Ocean Beach Dunes. Ground Contamination Assessment and Management Options Assessment. Ref
27226.005.v1. November 2020.

7 Tonkin & Taylor Ltd. Kettle Park Landfill - Task 1 — Factual Report. Ref 27226.007 v3. May 2023.

8 Tonkin & Taylor Ltd. Kettle Park Landfill - Dune System Investigation Report. Ref 27226.0070 v2. December 2023.
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2.3.1 2011 investigation of the seaward dune face and Kettle Park surface

. A 2011 investigation of the waste material exposed in the seaward dune face showed that
layered landfill materials® were exposed in the dunes between Kettle Park and the western
extent of the lower platform of the sports fields west of Moana Rua Road.

. The landfill materials were generally exposed in the upper (up to 5 m) of the dune face,
consisting of organic silt and sand, gravel and minor demolition material, over gravelly/sandy
silt with landfill material including ash and clinker and demolition materials, over an organic
silt/sand layer with minor demolition material.

. The northern (i.e. landward) extent of the landfill and the depth of landfill material behind the
dunes was not investigated, however some shallow investigation of the landfill material within
Kettle Park behind the dune crest was undertaken, identifying the presence of waste including
boiler ash, clinker and demolition materials.

2.3.2 2020 investigation of beach front and dune face

. Further investigation in 2020 comprised sampling of the beach front and dune face in the
stretch between Marlow Park and the esplanade in the west (covering approximately 1 km).

. Fill materials were identified along this stretch of coastline although review of historical aerial
imagery supplemented with field observations of the fill suggested that at least some of the
fill observed in the dunes was of more recent origin than the landfill.

. The report indicated the possible placement of fill materials along the dune crest in multiple
stages associated with the development of the playing fields and parking/accessways near
Moana Rua Road, and along the dune crest during the 1960s and 1980s.

. Asbestos containing material (ACM) was observed in parts of the dunes adjacent to the sports
fields east and west of Moana Rua Road, and at the bottom of the dune face from Moana Rua
Road to approximately 300 m to the west. These fill materials exposed along the dune crest
generally did not contain contaminant concentrations exceeding human health-based criteria
for recreational land use and outdoor worker exposure scenarios, however fragments of ACM
were observed in parts of the dunes adjacent to the sports fields east and west of Moana Rua
Road, and at the bottom of Moana Rua Road to approximately 300 m west.

233 2023 T+T investigation of Kettle Park landfill

. The 2023 investigation of the Kettle Park landfill landward of the dune system identified the
presence of layered landfill materials over an area of approximately 48,000 m? to the east of
Moana Rua Road, with the edge of the waste extending to the west of Moana Rua Road and
potentially under the road itself. An area of waste was also identified to the west of Moana
Rua Road covering approximately 3,000 m2.

. The observed waste types indicated successive filling of the area over a period of
approximately 3 decades (<1942 to <1967) primarily comprising industrial waste with various
pockets of gasworks, forge, and demolition types of waste heterogeneously mixed
throughout.

. Landfill material extended to at least 7 m below ground level (bgl) in the north-east of Kettle
Park and was overlain by a spatially inconsistent ‘capping layer’ of clayey silt/silty clay
containing minor waste materials beneath the current topsoil/turf layer. Lower volume
estimates of ~50,000 m? of capping material and ~245,000 m? of landfill material were
predicted based on the observations of the investigation.

2 More recent investigation suggests that these materials were more recent fill placed following the capping of the landfill
to stabilise the dune crest/form a dune walkway.
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. Capping and landfill materials generally contained elevated concentrations of metals
exceeding local background concentrations and acceptance criteria for local offsite disposal
options (i.e., Class A landfill/ Burnside Landfill), with a limited number of results also
exceeding commercial/industrial human health guideline values and environmental (marine)
guideline values.

. Landfill material became thinner towards the dune system, however the thickness of landfill
material in the boreholes closest to the dunes to the east of Moana Rua Road ranged from 3-5
m. Given the small horizontal distance between these boreholes to the dune face, it was
considered a high likelihood that the landfill material extends further into the dune system
itself and may be exposed in the dunes.

. Groundwater was encountered in two of the 60 investigation locations depths of 6.83 m bgl
and 5.83 m bgl, respectively, at the time of drilling. Although some landfill layers became
moist to wet at various elevations within the soil profile, no other perched water was
encountered. In the areas of deepest waste (i.e. where the waste layer was encountered at 7
m bgl), the landfill layer extended to within 1-2 m of mean sea level.

234 2023 T+T investigation of Kettle Park dune system

. Additional investigation was undertaken in 2023 to assess the potential volume of waste
material in the dune system itself and estimate how close the main landfill waste unit was
from the dune face. The investigations comprised the drilling of 13 boreholes, including 6
located as close to the dune crest as safely practicable.

° Bores drilled on/near the dune crest encountered windblow sands interbedded with silty sand
fill materials containing anthropogenic materials including brick and concrete, generally
similar to the more ‘recent’ fill materials observed on the dune face. These materials were
underlain by a variable present ‘landfill capping layer’ itself underlain by landfill waste of
similar composition to that seen landward within Kettle Park. Landfill material was between 1
and 5m thick within the dune crest bores.

. Samples collected from the various materials displayed a similar contaminant profile to those
encountered within the investigation of the Kettle Park sports fields, with elevated
concentrations of metals, polyaromatic hydrocarbons (PAHs) and cyanide, indicative of the
presence of gas works waste.

. The investigation data indicates that in addition to the more recent fill already exposed in the
dune face, landfill material of several metres thickness is located a maximum of 4-7m from the
dune face. Given the likely ‘pinching out’ of landfill material to the south, it is likely that the
leading edge of the landfill is substantially closer to dune face, although the exact extent is not
known.

2.4 Conceptual site model

The conceptual site model (CSM) for the Kettle Park landfill identifies known sources of
contamination, exposure pathways and receptors. A risk exists where a receptor is exposed to a
contaminant via a complete exposure pathway, however, a CSM does not quantify the effect of a
risk.

Sources of contaminants:
° Capping material — contains trace to minor demolition material and may contain contaminants
that exceed default environmental protection guidelines;

. Landfill material beneath capping/topsoil — contains industrial and demolition waste, including
ACM that is likely to contain contaminants that exceed human health and environmental
protection guidelines/standards;

Tonkin & Taylor Ltd August 2025
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7
. Landfill material at the surface (e.g. dune face, exposed on north-facing slopes near the
Dunedin Ice Stadium); and
. Direct discharge of landfill material and/or indirect leaching of contaminants into the marine

environment.

Exposure pathways:

. Dermal contact — direct contact between the skin and contaminated material;

. Inhalation — of vapour (in the case of volatile compounds) or of dust particulates;

. Ingestion — eating of particulates (e.g. if food is consumed and particulate material is
inadvertently mixed with food being consumed); and/or

. Biological uptake — into vegetation and/or into marine organisms.

Receptors:

. People using the sports fields for recreational activities (e.g. walking, sport, picnics);

. People using the beach for recreational activities (e.g. walking picnics, swimming);

. Construction workers (if excavation of material from Kettle Park is required); and

. Coastal marine ecosystems along the St Kilda/St Clair coast.

Potentially complete pathways:
Potentially complete exposure pathways exist for:

. People using the beach for recreational activities through inhalation, dermal contact, and
ingestion from landfill material at the surface;

. Construction workers if material is excavated from Kettle Park through inhalation and dermal
contact, from landfill material beneath capping/topsoil; and

. Coastal marine ecosystems through ingestion and biological uptake of contaminants either
directly entering the marine environment or through indirect contaminants leaching into the
marine environment.

We note that no direct exposure pathway exists for people using the sports fields from the landfill
material or the capping material as the topsoil and surface beach sands currently provide a physical
barrier.

25 Summary

. The Kettle Park landfill was formed between approximately 1900 and the 1960s and contains
in the order of 300,000 m3 of industrial and other waste. Contaminants including asbestos,
cyanide, heavy metals and PAHs are present above human health and environmental
guideline values.

. The landfill is located landward of and is protected by a dune system. The dune system is over-
steepened as a result of coastal erosion, and storms have resulted in the exposure and
discharge of waste materials onto the beach. Although the waste materials exposed to date
are likely to be those that were placed following the capping of landfill to protect the dune
crest, investigations indicate that the main body of landfill waste is located at most 4-7m
behind the dune face.

. A coastal hazard assessment indicates that there is the potential for 24 m of landward erosion
over the next ten years, and up to 33 m and 105 m erosion by 2040 and 2130, respectively. If
the shoreline is left to naturally recede with no intervention, there is potential for
approximately 170,000 m3 to 180,000 m?of contaminated waste material to be discharged
into the coastal environment over the next 100 years (mid-range estimate).
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. West of the Kettle Park area, a number of coastal protection structures have been
progressively built, starting with a vertical sea wall at the esplanade, later fortified at its toe
with rock armour. Subsequent erosion at the eastern end of this structure was then managed
with geosynthetic sand containers that have also been progressively upgraded and extended
in an eastern direction to manage end effects, and likely a contributing factor to erosion rates
in the Kettle Park area.
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3 Remedial objectives and considerations

This section summarises key considerations in developing remedial objectives for the Kettle Park
Landfill.

3.1 St Clair — St Kilda Coastal Plan

The St Clair-St Kilda Coastal Plan®® (Coastal Plan) was adopted by Council on 22 February 2022 and
sets out how this section of coastline will be managed over time to adapt to the effects of coastal
hazards and climate change. The Coastal Plan was developed in conjunction with the South Dunedin
Futures programme which aims to respond more broadly to climate change related challenges
across the South Dunedin area.

The Coastal Plan incorporates stakeholder feedback on a variety of issues, which is incorporated into
a series of management objectives, which can be summarised as:
1 Ensuring coastal areas are resilient to climate change, achieved through sustainable practices.
2 Developing nature-based long-term solutions that benefit natural landscapes and wildlife
through fostering a culture of care.
3 Working with the community to plan for the future and support the community to stay
connected with the plan.
Creating connected accessible public spaces.

Aligning the plan with relevant policies and plans to support implement and uptake of
emerging and innovative best practices.

The Coastal Plan specifically acknowledges public concern regarding the Kettle Park landfill and the
impact that ongoing waste exposure on the beach has had on amenity value. The Coastal Plan also
recognises that past interventions to address erosion risk have had unintended consequences
including changing the nature of currents and sand retention on the beach.

Four high-level management approaches are described in the Coastal Plan:

. No active intervention — no further management, allowing the coast to respond naturally to
erosion and inundation.

. ‘Hold the line’ — undertake work to hold the coastline in its current location.

. Coastal Setback — undertake works to accommodate coastal processes and allow the sea to

move landward.

. ‘Advance the line’ — undertake works to push the coast seawards to establish new protection.

The Coastal Plan states that some form of coastal setback is the approach which most closely aligns
with the vision and management objectives.

Site-specific plans are described for the St Clair, Middle Beach and St Kilda sections. The Middle
Beach section includes the Kettle Park sports fields and landfill. The Kettle Park landfill is of particular
concern to the community and the prevention of ongoing waste exposure whilst providing safe
access to the beach are particular drivers for action. The Coastal Plan provides a shortlist of potential
management options that could be implemented according to an adaptive management pathway:

° Sand retention/nourishment.
. Backstop wall.
. Offshore structure(s).

10 https://www.dunedin.govt.nz/council/policies,-plans-and-strategies/plans/st-clair-to-st-kilda-coastal-plan
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. Remediation and Setback.

The Coastal Plan acknowledges that further work is required to identify which options would be used
and when.

3.2 New Zealand Coastal Policy Statement (NZCPS) 2010

The NZCPS'! is a national policy statement under the Resource Management Act 1991. The NZCPS
sets out seven objectives in order to:

. Maintain or enhance resilience of the coastal environment and its ecosystems.

. Preserve the natural character of the coastal environment.

. Recognise the role of tangata whenua as kaitiaki and provide for tangata whenua involvement
in management of the coastal environment.

. Maintain and enhance the public open space qualities and recreation opportunities of the
coastal environment.

. Manage coastal hazard risks and take account of climate change.

. Provide for the protection of coastal environments that contribute to the well-being of
people.

. Manage the coastline in accordance with New Zealand’s international obligations.

These objectives are supported by twenty-nine policies, of which the following have particular
relevance to this project:

Policy 3:  Adopt a precautionary approach towards proposed activities whose effects on the coastal
environment are uncertain, unknown or little understood but potentially significantly
adverse.

Policy 4: Integration; provide for the integrated management of natural and physical resources in
the coastal environment. Particularly (c)(ii) (c)(ll) covering public use and enjoyment and
land management that may be impacted by physical changes or inundation.

Policy 10 (4): De-reclamation of redundant reclaimed land is encouraged where it would restore the
natural character and resources.

Policy 14: Restoration of natural character, including rehabilitating dunes, reducing or eliminating
discharges of contaminants, decommissioning or restoring historic landfill and other
contaminated sites.

Policy 15: Protect natural features and landscapes, including aesthetic values.

Policy 18: Recognise the need for public open space within and adjacent to the coastal marine area
for public use and appreciation, including active and passive recreations, and provide for
such public open space.

Policy 19: Maintain and enhance public walking access to and adjacent to the marine area.

Policy 23: Manage contaminant discharges in a way that considers the capacity of the receiving
environment to assimilate the contaminants and avoid significant adverse effects on
ecosystems and habitats after reasonable mixing.

Policy 26: Provide for the protection, restoration or enhancement of natural defences against
coastal hazards where appropriate.

Uhttps://web.archive.org/web/20240510065726/https://www.doc.govt.nz/globalassets/documents/conservation/marine-
and-coastal/coastal-management/nz-coastal-policy-statement-2010.pdf
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3.3 Long Term Plan (LTP)
DCC has advised that approximately $37M has been included in the LTP for Kettle Park remediation
to 2030.
34 Mana whenua perspective

DCC has consulted with Aukaha (on behalf of Te Riinanga o Otakou) with regard to potential options
for the remediation of contaminated material at Kettle Park.

Aukaha indicated'? that mana whenua support options that include waste removal. Aukaha also
indicated support for the removal of waste out of the city boundaries, providing the receiving
environment is suitable and the mana whenua of that receiving areas are consulted and in
agreement.

3.5 Groundwater

The potential for waste in the Kettle Park landfill to interact with infiltrating rainfall or groundwater
to produce contaminated leachate/groundwater which could then present a risk to human health, or
the marine environment has previously been acknowledged by T+T in the 2023 Kettle Park and Dune
System investigation reports. However, T+T (2023) also noted that further information regarding
groundwater quality and dynamics beneath Kettle Park would be required before an assessment of
the potential effects of leachate discharge on groundwater and the marine environment (from the
site and the need for groundwater remediation could be made.

In identifying the shortlisted management options for the Coastal Plan (refer section 3.1), DCC
prioritised approaches that primarily address coastal erosion and exposure of the landfill waste. The
shortlisted options did not specifically consider groundwater remediation or management.

In 2024, DCC applied to the Ministry for the Environment (MfE) Contaminated Sites Remediation
Fund?®? for funding to support the remediation. A technical review of the T+T 2023 investigation
reports completed by MfE when assessing the DCC funding application identified that:

“Discharges from the landfill, other than from the physical waste released, have not been
assessed, including the discharges from the landfill to groundwater.”

In 2024, DCC engaged BECA Limited (BECA) to undertake a technical review of the 2023 T+T reports
to identify gaps in the T+T 2023 assessments and respond to the MfE’s comment above. In its
report!*, BECA identifies that whilst groundwater quality and leachate effects are a gap in the
current knowledge for Kettle Park, understanding groundwater effects, and the need for
groundwater remediation/management can be separated from the more immediate issue of coastal
erosion and waste exposure.

DCC subsequently engaged T+T to undertake a desk-based review of current information to assess
potential landfill effects on groundwater quality, the potential significance of groundwater as a
pathway for contaminant discharge to the environment, and whether groundwater quality effects
remediation should be incorporated as a remedial objective or can be considered separately. This
assessment in included in Appendix B.

12 | etter from Alexander Gorrie (Aukaha) to Dr Raphael Krier-Mariani (DCC) dated 06 May 2025.
13 Now Contaminated Sites and Vulnerable Landfills Fund.
14 BECA Limited . Kettle Park Landfill Investigations Review. Ref 4703723-403414177-47. 12 November 2024.
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The T+T desk-based review incorporates information from T+T site investigations, and Geological
and Nuclear Sciences (GNS) hydrogeological assessment'® and Otago Regional Council (ORC)
groundwater monitoring data?.

T+T concluded that it is possible that groundwater quality beneath the landfill may be affected by
contaminants within the landfill waste though the GNS assessment indicates that the degree of
connection between groundwater beneath the landfill and the marine environmental is limited. Site
specific data and assessment would be needed to confirm the significance of this source and
pathways to the coastal or marine environment.

The groundwater assessment, and any subsequent management of groundwater discharge can be
undertaken independently from the remedial options being considered by DCC that prioritise the
prevention of landfill exposure providing that the implemented options do not significantly constrain
or preclude the future implementation of groundwater management/remediation options.

3.6 Remedial objectives

The assessment of remedial options set out in the following sections is based on satisfying the
following remedial objectives:

. The remedial option(s) should minimise (ideally eliminate) the ongoing exposure of waste
from the dune face, and prevent the exposure of the landfill.

. The remedial option(s) should provide for protection for between 20 and 50 years, taking into
consideration the effects of sea level rise.

. The remedial option(s) should align with stakeholder feedback as expressed through the
Coastal Plan and implement its vision and policies.

. The remedial option(s) should consider wider programmes of work such as the Coastal Plan
and South Dunedin Future.

. The remedial option(s) should align with the objectives and policies of the NZCPS.

. The remedial option(s) should utilise sustainable and nature-based solutions, to the extent
practicable.

. The remedial options should enhance public access to and the utility of the beach.

. The remedial options should consider the budget allocations within the LTP.

. The remedial options should align with the district's waste management strategy, notably the
establishment of the Smooth Hill landfill.

. The remedial option(s) should align with mana whenua's objectives.

. The remedial option(s) should align with the management strategy of the Saint Clair Saint

Kilda coastline.

. The remedial option(s) should not preclude or significantly constrain the future investigation,
remediation or management of groundwater beneath the landfill.

15 GNS Science. Observations and conceptual model of perched groundwater in the St Kilda sand dune aquifer, Dunedin.
3 December 2024.
16 ORC data provided by email from Joon van der Linde (ORC) to Paul Walker 7 November 2024, timestamped 15:37.
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4 Remedial options

The ARO process includes preliminary identification of possible remedial options (Long-list review,
Section 4.1), which are screened to provide a shortlist of potentially viable remedial options (short
list review, Section 4.2). An assessment of options is then undertaken for the short-listed options
only.

4.1 Long-list review

Table 4.1 provides a high-level assessment of potential remedial options and identifies those taken
through for further assessment. A comparison of each of the long-list options against the remedial
objectives is provided in Appendix C.

13
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Table 4.1: Long-list review
Option description Remedial effectiveness | Advantages Disadvantages Meets remedial objectives (and rationale) Shortlisted
over 20-50 years Option
Status-quo (do nothing) | None Limited cost, other than possible monitoring and Episodic lowering of beach and erosion of backshore dunes likely | No. No.
reactive cleanup. to led to exposure of landfill mass behind with potential for large | This option does not meet any of the remedial objectives.
volume discharge of landfill waste into the marine environment.
Sand transfer (from Limited, for as long as Relatively low cost. Requires implementation over long term. No. No.
elsewhere on beach) in | sand remains in place to Unlikely to prevent exposure of waste under successive erosion Protection will be temporary unless sand nourishment is
conjunction with beach buttress dune face. events. reiterated. Although this option might be beneficial for the
monitoring i i beach system buffering erosive wave assailing the dune, its
Potential beach closure during top up events.
Sourcing sand from elsewhere on beach may induce sediment performance in reducing contaminant discharge from erosion
imbalances elsewhere on the beach will depend on nourishment schedule, which might not be
sustainable on the long term. The level of protection is
therefore uncertain. The level of storm cut can be difficult to
anticipate when informing minimum beach profile levels that
trigger sand transfer, and this depends on an effective and
reliable beach monitoring programme.
Dune re-shaping and Can remove/reduce at Reduces or eliminates potential for solid waste to Likely high cost associated with waste disposal, depending on Yes. Yes.
vegetation with partial risk waste for a defined discharge into marine environment, or for users of | period of desired protection and requirement for pre-treatment Option provides high level of protection certainty within
waste removal and time period. beach to be exposed to waste. prior to disposal. extent of removed waste. Option can also be implemented
beach monitoring Enhances natural character of dunes system. Protection for a defined time period only (does not completely incrementally as part of an adaptive management approach,
(adaptive management) Increases public access to beach. remove landfill). allowing costs to be spread over longer timeframe. Option also
Does not require wholesale landfill removal — Uncertain effects on shallow groundwater migration. aligns with desire to enhance public access to the beach in an
removal can be staged to align with budgets (to area.where the current over-steepened dune face does not
some extent) provide safe access.
Re shaped dunes may be more stable and resilient
during storm events.
In situ or ex situ Uncertain. May avoid or reduce need for removal and disposal | Waste mass likely to be exposed as a result of coastal erosion, No. No.
treatment of waste and of landfill waste. would leave a visible waste mass. The feasibility and cost of this option is highly uncertain.
retention on site (for Performance of treatment/stabilisation is uncertain. Option would almost certainly require implementation of
example Fement/llme Waste is variable, would therefore require mixing/processing to other options (e.g. some form of hard engineering structure)
stabilisation. achieve more standardised material for treatment. to avoid waste exposure and erosion.
Handling/processing of waste presents significant H&S and
environmental risks.
Exposed stabilised waste could induce reflection and localised
scour/erosion.
Full landfill removal with | High — removes landfill Eliminates need for ongoing management of Extremely high cost of offsite disposal of entire landfill. No. No.
dune shaping contaminant risk. contamination. Level of treatment required for landfill disposal is uncertain. It is estimated that in the order of 300,000m? of contaminated
Allows for naturalisation of dune system. i ili i i ici i ithi material is present in the landfill. Disposal of this volume of
Unlikely facility available with sufficient capacity to accept within
desired timeframe. waste is likely to be prohibitively expensive and would likely
Will result in complete removal of current sports fields. require disposal at multiple facilities. Option would result in
L ) . removal of entire sports field area and current coastal
Potential increased risk of rear dune breach in future storm . . . ) . .
event inundation protection for South Dunedin, which would require
) . ) replacement.
Complete loss of sports fields unless established at lower level
(and with additional cost).
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Shortlisted
Option

Sand nourishment Limited, for as long as May utilise sand generated by port dredge process. | Requires implementation over long term. No. No.
(import sand) in sand remains in place to Unlikely to prevent exposure of waste under successive erosion Existing information indicates sand could be quickly lost. The
conjunction with beach | buttress dune face. events. level of protection is therefore questionable. The level of
monitoring Imported sand would prevent potential impacts of sourcing sand | storm cut can be difficult to anticipate when informing
from the beach. minimum beach profile levels that trigger sand nourishment,
and this depends on an effective and reliable beach
monitoring programme.
Buried backstop wall High within service life Assumes removal of some waste material and so a Costs associated with partial waste removal and construction. Yes/partial. Yes
(rock revetment) in of structure level of long-term risk reduction. This structure would likely result in end effects and enhanced beach | Option provides high level of protection certainty within
conjunction with beach Assumes some dune reprofiling and naturalisation | lowering caused by reflection if exposed, resulting in potential extent of removed waste. Option can also be implemented
monitoring and either of dune system. erosion along the backshore further east. Beach monitoring and incrementally as part of an adaptive management approach,
sand nourishment or Wall hidden other than following prolonged erosion sand nourishment/sand transfer would be necessary to mitigate allowing costs to be spread over longer timeframe.
sand transfer (depending on landward position). these effects. Option also aligns with desire to enhance public access to the
Can be adapted/upgraded in future. Will eventually become exposed resulting in non-natural beach in an area where the current over-steepened dune face
appearance. does not provide safe access. There will be very limited natural
Uncertain effects on shallow groundwater migration. character once this structure is exposed.
Exposed wall would not align with ‘natural character’ of the
beach.
Sheet pile backstop wall | High within service life Relatively low cost and low visual impact (whilst Assumed the sheet piling will be driven through waste on the No. No
in conjunction with of structure. hidden). landward side of the dunes — therefore erosion and discharge of Vertical wall will be exposed eventually and if waste not
beach monitoring and any waste that remains seaward of wall. removed prior this will result in discharge of waste to the sea.
either sand nourishment Wall will be exposed eventually — aesthetically unappealing and This will be aesthetically unappealing, may enhance
or sand transfer may result in higher dune face as beach lowers due to wave erosion/scour and also leave a high vertical face which does
reflection. This structure would likely result in end effects if not provide safe public access.
exposed, resulting in potential erosion along the backshore further
east.
Exposure of sheet wall will leave high sheer face and potential
safety risk.
Beach monitoring and sand nourishment/sand transfer would be
necessary to mitigate these effects. Beach closure may be required
during sand placement.
Buried rock in the beach face, similar to that exposed closer to the
esplanade may prevent necessary embedment of sheet piles from
being achieved.
Uncertain effects on shallow groundwater migration.
Seaward (vertical) sea High within service life Structure placed seaward of current dune toe — Visually unappealing. No. No.
wall of structure may allow increased walking access to dune crest. Beach lowering due to wave reflection Visually unappealing, does not allow for naturalisation of dune
Minimal removal of dune/waste. High potential to exacerbate erosion at edges, particularly further | area and there is concern regarding potential for end effects.
east.
Uncertain effects on shallow groundwater migration.
Seaward rock revetment | High within service life Less visually unattractive than vertical sea wall. Likely to extend significantly seaward of current toe and No. No.
of structure Structure placed seaward of current dune toe — therefore occupy large area of existing beach which will likely Would occupy large extent of current beach and would be out
may allow increased walking access to dune crest. reduce high tide beach access. of character. Also concern regarding potential edge effects.
Easier to adapt than vertical sea wall. Not natural in appearance.
Requires ongoing maintenance/monitoring.
Potential for end effects.
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Shortlisted
Option

Groynes Uncertain Minimal (if any) disturbance of current dune system | Performance is uncertain and would require significant No. No.
and minimal (but not zero) landfill removal. investigation and ongoing ‘tuning’. Potentially significant cost and highly uncertainty level of
Likely to require beach nourishment and partial landfill removal protection. Would likely need to be supported by other
to be implemented. measures.
Potential end effects and disruption of alongshore transport.
Challenging to construct within surf zone.
Potentially difficult consent pathway.
Geosynthetic containers | Moderate to high within | Can be placed at current dune toe, requiring Visually unappealing. No Yes (for
(GSC revetment) service life minimal (if any) dune/landfill disturbance. Does not allow for naturalisation of dune. Whilst not allowing for naturalisation of dune system, having | comparison
Relatively cheap and sand fill can be readily Not long-term solution — likely maximum service life of 15-20 limited service life, and aesthetically questionable, this option | Purposes
sourced. years. is relatively cheap and readily implementable with local source only)
Risk of end effects and enhanced beach lowering caused by of sand and could be replaced/updated.
reflection. GSCs have service lives of less than 10 years when frequently
Risk of vandalism. exposed and will therefore not meet the target protection
Toe exposure as beach retreats/storm scour. (;E:iaat;.m of 20-50 years. Service life potentially extended by
Gabion baskets Moderate to high within | Can be placed at current dune toe, requiring Visually unappealing. No. No.
service life minimal (if any) dune/landfill disturbance. Does not allow for naturalisation of dune. Unlikely to provide protection over desired timeframe,
Relatively cheap and rock fill can be readily Not long-term solution — metal wires corrode and degrade. questionable effectiveness in high energy environments.
sourced. Limited protection in high energy environments.
Risk of end effects.
Toe exposure/undercut as beach retreats/storm scour.
Potential safety risk as they degrade.
Offshore breakwaters Uncertain Minimal (if any) disturbance of current dune system | Performance is uncertain and would require significant No. No.
and minimal (but not zero) landfill removal. investigation. Potentially significant cost. Design, consenting and
Likely to require beach nourishment and partial landfill removal implementation timeframes will likely result in longer risk
to be implemented. exposure to erosion. Would likely need to be supported by
Challenging and expensive to construct within surf zone. other measures.
Potentially difficult consent pathway.
Potential impacts on nearshore wave environment likely to
trigger opposition from surf community without substantial
evidence to support minimal impacts.
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4.2 Short list review

4.2.1 Assessment framework

To inform which options are suitable for further assessment, a shortlist has been selected by
considering only those options that meet or may meet the project remedial objectives. Those
options that do not meet this requirement have not been considered further for analysis.

Of the options considered there are two options that meet or may meet the remedial objectives:

. Dune reprofiling associated with partial landfill removal; and
. Buried backstop wall (rock revetment) with partial landfill removal and dune reprofiling.

In addition, a third option, a GSC revetment has been shortlisted for comparison purposes. Whilst a
GSC revetment is unlikely to enhance public access to the beach, has a limited service life and may
present end effects, it has been included as it is a relatively cheap option that can be readily
implemented at the site and is likely to require minimal disturbance of the existing dunes. GSCs can
also be replaced or buried to extend service life.

To evaluate the suitability of the remedial and management options that meet or may meet the
project objectives, a high-level assessment has been carried out using the framework and key
indicators described in Table 4.2 below. This framework is informed by the principles outlined in the
International Organisation for Standardisation 18504:2017 Soil Quality — Sustainable Remediation
(1SO 19504:2017).

The short-listed options are scored on a qualitative scale of low (1), medium (2), and high (3) for
each criterion. A low score has been assigned to an unfavourable impact or effect; a high score has
been assigned to a more favourable impact or effect. Scores are qualitatively assessed based on the
criteria in Table 4.2. Preliminary scores have been assigned to the options in Table 4.3 below. Total
scores have been calculated for each option, and no weighting has been applied to any of the
assessment categories. A higher total score indicates a more favourable remedial option.
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Table 4.2: Options assessment framework
Criteria Key indicators
Option Solution lifespan
effectiveness | |evel of risk reduction achieved
Option Technical/design complexity
complexity Ongoing maintenance/monitoring requirements
Option Complexity and cost of adapting or removing option
adaptability Adaptability to tie in with adjacent management options or adjust within a dynamic
adaptive pathway
Environmental | Ecological impacts (positive and negative)
criteria Water quality impacts
Soil/ground condition changes
Coastal impacts (positive and negative)
Social criteria Impacts on worker health and safety
Stakeholder concerns
Impacts on future site users (positive and negative)
Consideration of consentability/high-level legislation/policy requirements
Economic High level construction cost estimates
Criteria Carbon cost estimate (qualitative only)
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4.2.2 Short listed option concepts

42.2.1 Dune reprofiling with partial landfill removal and beach monitoring

The current over-steepened dune slopes erode more readily when waves attack the base of the
dune and increase the risk of exposure to the landfill material. The over-steep dunes are partly due
to the introduction of Marram grass which tends to form taller steeper dunes and encourage
seaward progression of the dune face.

Dune reprofiling would include lowering of the existing dune crest and providing a more gradual
slope between the beach and hinterland to create a dynamic dune buffer and reduce the slumping
hazard. Reprofiling would require removal of waste material within the dune and importing of clean
dune sands. Reprofiling would also likely enhance beach access, public amenity and natural
character of the Kettle Park coastline.

A mixture of indigenous and exotic dune vegetation could be used to help stabilise the dunes. There
is uncertainty in how pingao would establish along the shoreline due to the extreme winds that can
occur, wave exposure and potential seedling damage from human disturbance. Successful
colonisation of dune vegetation is likely to require ongoing maintenance.

Typically, dune slopes of around 32° are considered stable (this is the stable angle of repose of dry
sand) and this slope is observed within the Marram vegetated foredunes at the eastern end of the
beach. However, to increase the chance of pingao establishing, the dunes would need regrading to
significantly flatter slopes of 18° to 11°.

There would also need to be provision of a buffer width to allow for potential landward retreat of
the dune toe during storm events. This space would provide space for the dune to grown during low
swell periods and for the dunes to release sand onto the beach during storms.

The design life (or resilience) of this option will depend on the quantity of waste material removed
and the associated extent of dune renourishment. This waste removal could either be undertaken up
front or implemented as a form of managed retreat, where the reprofiled dune system is monitored
with ongoing removal of waste and nourishment of the dune face as the shoreline recedes overtime.

The concept adopted as part of this assessment (presented in Figure 4.1 and Figure 4.2) includes a
minimum offset of approximately 15 m from the current dune to account for the potential short-
term storm cut. This concept could potentially be viable over the short-term (0-10 years), however
given the historic erosion trends and anticipated erosion with future sea level rise, the design is
unlikely to be suitable over the medium to long-term. To increase the resilience, further waste
removal would be required as outlined above.

Based on the erosion assessment completed by T+T (Appendix A) the waste material within
approximately 30 m of the current dune toe would need to be removed and reinstated with clean
dune sand for an approximate 20-year design life. For a longer approximately 50-year design life,
waste material within approximately 50 m of the current dune toe would need to be removed and
reinstated with clean dune sand. It is noted that this assumes ongoing dune maintenance over this
time with periodic top ups likely required subject to actual erosion and storms experienced. It is
assumed that all waste removed would require disposal to a Class 1 landfill, and that a proportion of
that material may require pre-treatment to comply with landfill waste acceptance criteria.
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Figure 4.1: Concept sketch of dune reprofiling.
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Figure 4.2: Concept plan view of the dune reprofiling.

4.2.2.2 Buried backstop wall (rock revetment) in conjunction with beach monitoring and either
sand nourishment or sand transfer

A backstop wall can be considered either a vertical seawall or rock armour layer that is located
landward of the present-day shoreline. They are designed to be buried in the dune and only exposed
during storm events or after a prolonged period of erosion, before needing to be reburied. In this
case where the shoreline is anticipated to retreat in the long term, these structures will likely
become more frequently exposed requiring higher maintenance to ensure reburial. At some point in
time the structure can either be removed and/or alternate solutions investigated. If the structure is
left exposed, resulting end effects will likely require additional coastal protection along the
foreshore to manage end effects and wider shoreline retreat.

A rock revetment is the preferred approach for the buried backstop wall as it is more flexible and
able to adjust to differing ground conditions. A rock revetment is formed by a geotextile filter fabric
overlain by a cushioning layer of small rock and protected from wave energy by larger rock armour
placed on a formed slope. The high porosity provided by the voids between the rock, together with
the slope, is more dissipative than vertical seawalls or GSC container solutions. Rock armour slopes
typically range from 1.5H:1V to 4H:1V with lower slopes requiring more construction material but
enabling the use of smaller rock and resulting in less overtopping. An appropriately constructed rock
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revetment can have a design lifespan of greater than 50 years and possibly approaching 80 to 100
years with maintenance.

Due to the high wave energy environment comparatively, large rock would be necessary, and the
availability/cost of this material is a key consideration. Beach levels are dynamic, so this structure
would need to be founded at a depth that would make construction challenging due to de-watering
and additionally for safety reasons (i.e., working around a deep excavation on a narrow beach with
soft beach sand and dynamic groundwater conditions). To ensure interlocking, the rock would need
to be placed individually (not end-tipped), which would be challenging in these conditions.

This option is likely to increase beach and public use of the dune and enhance the natural character
beyond the current state whilst sand nourishment is maintained. When the backstop wall is exposed
beach access and the natural character may be compromised.

This option would also require some removal and disposal of waste material followed by
reinstatement and vegetation of the dunes following backstop wall installation. Similar to the dune
re-profiling option, the frequency and timeframe of anticipated wall exposure can be refined at the
next stage of design. A balance between acceptable frequency of exposure, design life, and cost
would need to be agreed. For the purpose of this assessment, we have assumed that the wall will be
located immediately landward of the 2030 area susceptible to coastal erosion (ASCE) with toe design
to accommodate lowering to the 2070 shoreline position.

The proposed backstop wall concept is shown in Figure 4.3 and comprises a rock revetment
constructed of two layers of Wso=1.5T rock armour over two layers of Wso=100kg underlayer over a
filter fabric at a slope of 1.5H:1V.

The assumptions made during development of this concept are as follows and should be refined
during the next stages of design, if progressed:
. Design life of the backstop wall (independent of dune cover) — 50 years.

. Design performance — minimal damage during a 1% annual exceedance probability (AEP)
storm event considering 2070 water levels (i.e. significant wave height at the toe of the
structure of 1.6 m, water level of 2.7 m RL).

. Concept rock sizing in accordance with Van der Meer shallow water formula (Refer T+T
report®).

To achieve a 50-year design life it has been assumed that:

. The placed position of the backstop wall (i.e., 15 m landward from the current dune toe)
would account for the maximum present-day short-term storm cut (as assessed in Appendix A
Section 3.4).

. The toe level would be positioned at 1 mRL, or approximately the level of the intersection with

the Psoy% shoreline profile at 2040 (as assessed in Appendix A, Section 3.4).

. The toe designed as a falling toe to accommodate further shoreline retreat to the Psoy
shoreline profile at 2070 (as assessed in Appendix A Section 3.4). This can be refined at later
stages of design subject to target performance alternately, the falling toe can be adapted in
future if the shoreline retreats faster than predicted to increase the revetment design life.

Tonkin & Taylor Ltd August 2025
Kettle Park Landfill: Assessment of Remedial Options Job No: 1096753 v4
Dunedin City Council

Kettle Park Coastal landfill remediation options Page 27 of 195

Item 9

Attachment A



























































































































































































































































































































































































































































































































	Table of Contents
	4. Kettle Park Coastal landfill remediation options
	Kettle Park Landfill Assessment of Remedial Options
	Observations and Conceptual Model of Perched Groundwater in the St Kilda Sand Dune Aquifer, Dunedin
	Aukaha Feedback on Kettle Park Remediation Options
	Kettle Park Engagement - Analysis of Prior Engagement Activities
	Kettle Park - Review of Assessment of Remedial Options
	Commentary - Kettle Park Landfill - Assessment of Remedial Options



