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Executive Summary

Executive Summary

This document has been prepared for the Wellington Airport Southern Seawall Renewal Project. The
proposed coastal works are located in Lyall Bay and include:

e Eastern Bank Remediation — reprofiling the existing historic fill bank and placing rock protection.

e Southern Seawall - concrete armour unit and rock overlay over the existing seawall and armour.

e Korora Colony rock — placement of individual rocks at the shoreline to enhance a new korora colony.

The long-term effects of the proposed coastal works on the coastal processes in Lyall Bay are considered

negligible to minor, as follows:

e No effects on tide levels and storm-tide levels are anticipated as the proposed sea defences are on the
coastal margins of Lyall Bay.

e [tis anticipated there will be negligible to minor changes to waves and currents, and these will largely
be confined to the vicinity (i.e. within approximately 500m) of the Southern Seawall and Eastern Bank
Remediation.

o The effects of the proposed works on sediment and sediment transport in Lyall Bay, including the main
sandy beach and inner and outer Lyall Bay, are expected to be negligible to minor based on the low
level of changes to waves and currents and any toe scour being limited by bedrock along the Southern
Seawall. Minor changes in waves and currents may increase mobilisation of gravel and sand in
localised areas during storm events, with more exposure of rock outcrops. Over time with sea level rise,
reduced erosion of the Eastern Bank may result in local lowering of the anthropogenic beach, exposing
more of the underlying rock that formed the original (pre-1950s) shoreline.

e The proposed Southern Seawall and Eastern Bank Remediation consider the likely future effects of
climate change and increase the resilience of the existing seawall and bank to coastal erosion and
inundation, as well as providing seawall stability against tsunami and helping to protect existing
infrastructure (e.g. airport runway, Moa Point Road and Tunnel, outfalls) and passive recreation land.

The short-term effects of construction on Lyall Bay coastal processes are expected to be minor, subject to
planning and implementation of industry-standard controls and good practice, described in this report.
These measures should be set out in the Project’s Erosion and Sediment Control Plan.

Mitigation and monitoring measures include:

e Overlay of the existing seawall, rather than removal of armour units and underlayer and reconstruction,
to reduce the release of fine material and associated increase in suspended sediment in the water
column.

e Eastern Bank Remediation to provide a more resilient transition between the seawall and existing
shoreline further east, mitigating potential end effects and outflanking of the Southern Seawall.

e Use of both excavated and rock toes for the seawall, which reduces the amount of excavation,
disturbance of seabed sediment and generation of suspended sediment.

e Use of largely land-based plant and keeping temporary access structures to a practicable minimum,
while recognising the importance of having a sufficient working area for plant to reduce localised
disturbance of the foreshore and seabed and providing for this.

e Standard requirements for clean rock and armour units, with controlled placement on site using
appropriate plant, and site handling and storage practices to reduce the release of fine sediments and
minimise any increase in suspended sediment levels.

e Visual inspection of rock and concrete armour units for cleanliness.

e Total Suspended Sediment monitoring during below-water excavation for the seawall toe.

Overall, the long-term effects and short-term construction effects of the proposed coastal works on coastal
processes in Lyall Bay are considered minor, taking into account the proposed mitigation and monitoring.
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Introduction

1 Introduction

This report has been prepared by Beca Ltd for Wellington International Airport Ltd (“WIAL”) for the
proposed Southern Seawall Renewal Project (“the Project”). It covers the activities associated with
renewal of the Southern Seawall, Eastern Bank Remediation and Korora Colony rock that are proposed to
take place on the coastal edge in Lyall Bay (refer to Figure 1-1), which are the only aspects of the Project
that may affect coastal processes.

This report is provided for use in an Assessment of Environmental Effects and applications prepared by
Mitchell Daysh Ltd for WIAL for the Southern Seawall, Eastern Bank Remediation and Korora Colony rock.
It describes the existing coastal processes environment and the long-term and shorter-term (i.e.
construction-related) effects of the proposed project on that environment. The coastal processes covered
by this assessment include water levels, tides, waves, currents, sediment processes and coastal hazards.

This document is based on the following information:

e Existing studies and assessments, research papers, historical photographs, surveys and technical
publications prepared for WIAL and for external parties.

o Wave studies undertaken by MetOcean Solutions specifically for the Southern Seawall project.

e Wave climate and surf break studies undertaken by DHI, which are covered in DHI’s surf break impact
assessment report.

The authors of this report are Jennifer Hart and Amy Sheppard. We have the qualifications and expertise
set out in Appendix A and confirm that we have read the Code of Conduct for expert withesses contained
in the Environment Court Practice Note 2023. This report has been prepared in compliance with that Code,
as if it was expert evidence presented in proceedings before the Environment Court. Unless we state
otherwise, this report is within our area of expertise, and we have not omitted to consider material facts
known to us that might alter or detract from the opinions expressed in this report.

EASTERN
BANK

KORORA COLONY
ROCK

PN s

Figure 1-1- Site location
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Proposed Coastal Works

2 Proposed Coastal Works

2.1 Project Summary

The Southern Seawall at Wellington International Airport (“the Airport”) has reached the end of its
functional life. The proposed Southern Seawall Renewal Project (“the Project”) will help safeguard the
long-term operation of the Airport against natural hazards, increase the Airport’s resilience to climate
change, and reduce the increasing maintenance demands of the existing seawall.

The key Project elements that are relevant to the Coastal Processes Assessment include:

e Reconstructing the Southern Seawall with rock, Cubipods and a crest wall;

e Remediating the eroding Eastern Bank with rock protection; and

e Placing individual rocks at the shoreline to enhance a new korora colony to support korora habitation
and breeding.

Overall, the Project is expected to take 6 to 8 years, with the seawall construction itself taking 24 to 30
months. Construction will be managed to maintain airport operations, minimise nighttime noise, and work
around adverse weather and sea conditions. The Project must also appropriately manage constraints
arising from sourcing, transporting and stockpiling the significant volumes of rock and Cubipods required to
complete the seawall works.

2.2 Southern Seawall Construction

Prior to seawall construction commencing, the site will need to be cleared, and ground improvements, such
as cement-stabilized hardstanding or micropiling and /or piling, may be required to support construction
equipment. Once the site is established, the construction process includes: removing existing reno
mattresses, gabion baskets, Akmons and rock from the seawall crest area; excavating the seawall toe key in
the seabed; smoothing rock pinnacles and / or placing toes rock; and placing underlayer rock and reused
Akmons. Cubipods will be installed over the underlayer. Additional tasks include placing a gabion and
crest wall if required, constructing rock protection on the crest, and replacing rear slope geotextile,
underlayer and rock armour.

The upgraded Southern Seawall will extend approximately 400 m (measured along the crest) from Lyall
Bay Breakwater to the end of the existing informal Eastern Area rubble seawall. The majority of the work will
be done using shore-based equipment, with marine equipment potentially used as needed. The
construction is expected to take approximately 24-30 months, operating up to 24 hours a day, 7 days a
week, with activities that will penetrate the Airport’s designated obstacle limitation surfaces (“OLS”)
scheduled to occur overnight, outside the Airport's core operating hours.

The proposed Southern Seawall works in Lyall Bay consist of a concrete armour unit and rock overlay over
the existing 300m-long seawall, and replacement of a 100-long section of informal armour with a formal
seawall using the concrete armour units and rock (lengths are approximate and measured at the seawall
crest). The works include reconstruction of the existing crest and wave trap between the seawall and Moa
Point Tunnel with a new crest wall, and new rock protection on the rear side of the seawall adjacent to Moa
Point Road.

The proposed approach to the seawall renewal involves:

e Overlaying the existing seawall with a layer of rock and re-used concrete units (“underlayer”), and two
layers of concrete armour units (“armour layer” of Cubipod units), and construction of the seawall toe;

e Replacing the Eastern Area informal rock and concrete rubble with a formal seawall (using concrete
armour units, rock underlayers, hardfill, geotextile and an excavated toe); and
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Proposed Coastal Works

e Replacing the rock armour, reno mattress and gabion baskets at the wave trap and rear slope,
including construction of a new reinforced concrete crest wall.

The seawall elements are shown in Figure 2-1.

&
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Figure 2-1- Southern Seawall including seawall elements

2.3 Eastern Bank Remediation

The Eastern Bank Remediation involves protecting approximately 80m of bank with rock to reduce erosion.
The rock protection is founded on rock beneath the existing beach and extends landward, up the bank
(length of protection is approximate and measured at the crest). The alignment of the rock protection will
reflect the bank alignment at the time of construction and may therefore vary by up to 5m from that shown,
depending on any erosion that takes place between the present day and when construction takes place.
The plant and equipment required for works on the Eastern Bank Remediation will be able to operate under
the OLS, therefore, construction in this area will occur within daylight hours. It will take approximately three
months to construct the Eastern Bank Remediation.

2.4 Korora Colony Rock

The Stage 1 Korora Colony — located on the landward side of Moa Point Road, south of the Airport — will be
constructed early in the Project, in advance of the main seawall construction. It includes placement of
individual rocks for korora habitat enhancement. The rocks will be placed along a 20m length of the upper
shoreline/toe of bank, parallel to the shoreline, and also placed at the small rocky headlands at both ends of
the section of shoreline, between the bank and low tide level, to augment the existing rock outcrops.
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Existing Coastal Environment

3 Existing Coastal Environment

3.1 Setting, Bathymetry and Topography

Lyall Bay is located on the south coast of the North Island, facing south towards Cook Strait. The eastern
side of the original bay was reclaimed in the 1950s for construction of the airport and Moa Point Road.

North of Lyall Bay, the low-lying Rongotai isthmus connects the Miramar Peninsula to central Wellington.
Wellington Harbour, including Evans Bay, lies on the northern side of the isthmus. Rocky headlands form

the east and west sides of Lyall Bay. The bathymetry of Lyall Bay is shown in Figure 3-1.
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Figure 3-1 — Lyall Bay bathymetry, water depths in metres below Chart Datum (LINZ, 2014)
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| Existing Coastal Environment |

Lyall Bay, the Rongotai isthmus and Evans Bay are thought to have formed a second entrance to Wellington
Harbour approximately 8500 to 6500 years Before Present (Lewis and Mildenhall, 1985; Pillans and Huber;
1992). The Rongotai isthmus was progressively uplifted by earthquakes, including events in the 15th
century and 1855, closing this entrance.

Lyall Bay extends some 2.2km north to south and up to 1.5km west to east. The area of the bay is 2.8km?2.
The seabed generally has a mild (approx. 2%) slope from the outer entrance to the bay (seabed level
approx. -21m NZVD16) to the Southern Seawall (seabed level approx. -10m NZVD16) and inner Lyall Bay.
However, the seabed is significantly shallower (approx. -5m to -7m NZVD16) where rocky reefs are located
at the western and eastern ends of the Southern Seawall, continuing beneath Lyall Bay Breakwater (refer to
Figure 3-2).

Ji wssren SEAWALL

Figure 3-2 — Southern Seawall bathymetry in metres below NZVD16

The original shoreline consisted of a curved bay shape continuing from the eastern end of Lyall Bay beach
and terminating in line with the Lyall Bay breakwater at the rock outcrop, refer to Figure 3-3. In the 1950s
the eastern side of the bay was reclaimed to construct Wellington Airport and Moa Point Road. In 1971-72,
the reclamation was extended south by 180m to its present shoreline configuration. As part of this
extension, the Southern Seawall was constructed to protect the airport and road infrastructure from coastal
erosion and inundation.
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| Existing Coastal Environment |

Historic aerial photographs indicate that a shoreline was constructed east of the Southern Seawall (refer
Figure 3-4). Fill material appears to have been placed on an existing rock platform during the initial airport
construction in the 1950s. Photographs show the shoreline and seawall bund were extended further
seaward (varying between approximately 10m and 60m) during the 1970s extension works.
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Figure 3-3 — Geomorphic and anthropogenic features in Lyall Bay including the 1941 shoreline (blue line) and rock
outcrops (green line) (NIWA, 2016)
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Figure 3-4 — Historical aerial photographs (a) at left 1941 (b) at centre 1959 (c) at right 1974 (Retrolens, 2025).
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Existing Coastal Environment

3.2 Existing Adjacent Coastal Infrastructure

3.2.1 Southern Seawall

As noted in Section 3.1, the present Southern Seawall was constructed in the early 1970s to protect Moa
Point Road and the 1970s reclamation. The initial seawall design used 10t akmon armour units. The seawall
was modified following storm damage in 1971 and 1972. The seawall crest raised by 2m and heavier (12t)
akmon armour units were used on the seawall face.

The Southern Seawall (refer to Figure 3-1 and Figure 3-2) is managed by WIAL. It is approximately 300m
in length and consists of variable slopes (1V:1.5H to 1V:3H below water and 1V:1H to 1V:2H above water)
due to placement challenges during the original construction and later maintenance works.

A “wave trap” is located landward of the seawall to capture seawater that overtops the seawall during
storms and swell events. The seawater then flows east through the wave trap and back into Lyall Bay at the
eastern end of the seawall.

The seawall bund continues to the east of the existing akmon seawall. The seaward face of the bund is
protected by a 100m (approx.) length of informal rubble armouring. Further to the east beyond the WIAL-
managed area, the seaward face is unprotected and progressively eroding.

The Southern Seawall is at the end of its design life and is under-designed by today’s standards, requiring
increasing maintenance over the past 50 years. Due to airport safety regulations regarding height
restrictions at this location, maintenance works of replacing akmons can only occur at night, while flights
are not operating.

3.2.2 Moa Point Wastewater Outfall

The Moa Point Wastewater outfall is located approximately 60m east of the Southern Seawall (refer to
Figure 3-1 and Figure 3-2). The 1370mm diameter outfall extends some 1.8km offshore, discharging flows
from the Moa Point Wastewater Treatment Plant. It was constructed in 1996-97, laid within a trench in the
rock reef. It is owned by Wellington City Council and is operated by Wellington Water.

3.2.3 Stormwater Outfalls

Wellington City Council (WCC) water and drainage GIS maps show twin 675mm diameter stormwater
outfalls located on the upper beach 40m east of the Southern Seawall. Only one of these outfalls is typically
visible on the site. They are periodically covered and exposed as beach levels change due to wave
conditions.

From site observations, there appear to be two further small outfalls (one served by a manhole) located on
the upper beach approximately 120m and 170m east of the Southern Seawall. Only one of these is shown
on WCC GIS maps.

3.2.4 Lyall Bay Breakwater and Western Seawall

Lyall Bay Breakwater is located at the western end of the Southern Seawall (refer to Figure 3-1 and Figure
3-2). The approximately 135m long, 6.5m wide breakwater was constructed in 1954-55, as part of the
original airport. It is made from mass concrete blocks (approximately 6.5m wide by 6.1m long), which are
founded on an underlying rock outcrop and concrete cuboids placed on the seabed (cuboid dimensions
vary, approximately 1.5-2.5m in width, length and depth). The southern (seaward) side of the breakwater is
partly protected by concrete armour units and rock. The breakwater is managed by WIAL.
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Existing Coastal Environment

The 580m long Western Seawall was constructed in 1955-56 as a vertical wall of steel sheetpile cells,
protecting Moa Point Road and the original reclamation. It is managed by WIAL. Following unsuccessful
stabilisation work in the early 1960s, rock armour protection was subsequently placed along the seaward
face of the sheetpile wall in 1983-87. Rock crest protection has been placed incrementally since the 1980s
to address erosion of the seawall crest by wave overtopping. The seawall receives a degree of protection
from the breakwater and underlying rock outcrop.

3.3 Water Levels

3.3.1 Astronomical Tide Levels

Astronomical tides are caused by the sun and moon acting on the oceans, in combination with the rotation
of the Earth. The tidal regime in the Wellington region is semi-diurnal (twice-daily high and low tides) and
microtidal (less than 2m tidal range). Tide levels shown below in Table 3-1: are for Wellington Harbour
(LINZ, www.linz.govt.nz, 2024), the nearest tide gauge to Lyall Bay. The Lyall Bay tidal range is approx.

0.02-0.04m less than for Wellington Harbour (NIWA, 2010).

Table 3-1 - Wellington Harbour standard port astronomical tide levels (for 1.1.2000-31.12.2018 period of observation;
LINZ, 2024)

Tide Level Level Level
(m Chart Datum)’ (m NzvD16)’
Highest Astronomical Tide (HAT) 1.90 0.64
Mean High Water Springs (MHWS) 1.77 0.51
Mean High Water Neaps (MHWN) 1.45 0.19
Mean Sea Level (MSL) 1.14 -0.12
Mean Low Water Neaps (MLWN) 0.70 -0.56
Mean Low Water Springs (MLWS) 0.45 -0.81
Lowest Astronomical Tide (LAT) 0.43 -0.83

3.3.2 Storm-tides

Storm-tides are elevated water levels caused by a combination of astronomical tides and storm surge due
to barometric and wind set-up. Table 3-2 gives storm-tide values from the recent study by MetOcean
Solutions (2025) covering Lyall Bay. The table shows storm-tides for a range of Annual Exceedance
Probabilities (“AEP”2) and the corresponding Average Recurrence Intervals (“ARI”:). As noted in MetOcean
Solutions hindcast report in Appendix B, these values are 0.07 to 0.18m higher than values noted in a
previous study (NIWA, 2021a) which used a less detailed numerical model (i.e. national rather than regional
model) and water level data from Wellington Harbour (which is expected to be less subject to the wind set-
up component of storm tides caused by southerly winds).

1 NZVD16 is the official national vertical datum, Chart Datum is used on nautical charts, and WVD53 is an
historical vertical datum. Chart Datum is 1.26m below NZVD16, and for the Southern Seawall, WVD53 is
taken as 0.488m below NZVD16.

2 Annual Exceedance Probability, AEP, is the probability of an event of given magnitude being exceeded in
a year.

¢ Average Recurrence Interval, ARI, is the average number of years between an event of a given magnitude
occurring.
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Table 3-2 - Storm tide elevation excluding wave set-up (MetOcean Solutions, 2025)

Existing Coastal Environment

Storm-tide elevation excl wave set-up (m NZVD16)

I

63% 1 year 0.93
10% 10 years 1.06
2% 50 years 1.16
1% 100 years 1.19

3.3.3 Long Term Changes in Sea Level
a. Future Sea Level Rise due to Climate Change
Projections for future climate change and Sea Level Rise (“SLR”) have been estimated globally by the

latest Intergovernmental Panel for Climate Change Assessment Report (IPCC, 2021). These values have
then been used to derive future climate information and SLR projections for New Zealand.

Projected future SLR values from the current Ministry for the Environment climate change guidelines and
the NZ SeaRise Programme Te Tai Pari O Aotearoa (MfE, 2024; https://searise.takiwa.co/map, 2024 and
2025) are shown in Table 3-3. The projections are based on the Shared Socioeconomic Pathways (SSP)
defined in the IPCC report. The SSP5-8.5H+ projection to 2130 (corresponding to a nominal 100-year
horizon) is considered for this assessment. This is consistent with current climate change guidance noting
that the proposed activity is a renewal of an existing sea defence.

Table 3-3 - Sea level rise (https://searise.takiwa.co/map, 2024; MfE, 2024)

SSP1-2.6 M SSP2-4.5 M SSP3-7.0 M SSP5-8.5 M SSP5-8.5 H+
(‘Sustainability’ (‘Middle of the (‘Regional (‘Fossil fuel (‘Fossil fuel
pathway 50™ road’ pathway | rivalry’ pathway | development’ development’
percentile) 50t percentile) | 50 percentile) pathway 50 pathway 83
(m) (m) (m) percentile) percentile)
(m) (m)
2005" (baseline 0.00 0.00 0.00 0.00 0.00
date)
2030 (nominal 0.11 0.11 0.15 0.11 0.16
project date)
2080 0.33 0.41 0.62 0.56 0.71
2130 0.58 0.80 1.30 1.25 1.68

"Baseline date of 2005 is the midpoint (zero) of the baseline data 1995-2014.

b. Historical Sea Level Rise
Monitoring and analysis of water levels around New Zealand over the past 120 years indicate that sea levels

are rising. Historical SLR values for Wellington Harbour based on historical water levels measured at the
Wellington Harbour standard port tide gauge are given in Table 3-4 (sourced from NIWA, 2022a).

Table 3-4 — Linear trends of long-term coastal sea level rise from Wellington tide gauge (NIWA, 2022a)

Tide gauge 1901-1960 (mm/year) 1961-2020 (mm/year)
Wellington 1.23 2.84 2.04

1901 -2020 (mm/year)
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Existing Coastal Environment

c. Relative Sea Level Rise and Vertical Land Movement

Relative Sea Level Rise (“RSLR”) is the projected change in sea level due to climate change, combined
with Vertical Land Movement (“VLM”) at a given location. Current climate change guidance (MfE, 2022)
recommends that RSLR be applied to projects, including SLR projections plus VLM estimates as published
by the NZ SeaRise Programme Te Tai Pari O Aotearoa (i.e. RSLR = SLR + VLM).

VLM is generally caused by movements in the earth’s crust and can happen suddenly (e.g. associated with
an earthquake) or gradually, over time. The published VLM estimates are initial values for gradual VLM and
do not include sudden earthquake-related movement. Downward VLM (subsidence) increases the effect of
SLR to give higher Relative Sea Level Rise (RSLR) than SLR alone. Upward VLM (uplift) counteracts SLR,
resulting in lower RSLR.

The NZ SeaRise Programme Te Tai Pari O Aotearoa (https://searise.takiwa.co/map, 2024 and 2025)
provides an estimate for gradual VLM. The initial estimate of gradual VLM for eastern Lyall Bay was -
4mml/year (subsidence). This value is (conservatively) used in the effects assessment and seawall design,
which commenced in 2024. The NZ SeaRise Programme updated the VLM estimate to 1.7mm/year
+1.6mml/year (subsidence) in 2025, based on revised data and analysis.

3.4 Waves

3.4.1 Wave Climate

Lyall Bay is exposed to southerly swell, generated distant from the bay, and sea (or wind waves), generated
by wind acting on the sea at the site. Annual wave roses of wave direction and significant wave height:

from a 44-year wave hindcast and analysis (Appendix B, MetOcean Solutions, 2025) are shown in Figure
3-5. The hindcast modelling and analysis indicates that peak wave periodss in the bay exceed 8 seconds for
approximately 95% of the time, indicating the dominance of swell at the site.

The wave direction in Lyall Bay is consistently from the south through south-west. Waves entering Lyall Bay
refract or '‘bend’ as they encounter shallower water, with wave crests approaching the shoreline
approximately parallel to the seabed contours (refer to Figure 3-1 and Figure 3-2). Waves also diffract
around the reef beneath Lyall Bay Breakwater, with wave crests propagating into the area in the lee of the
reef. This is shown in the change of wave direction from southerly in outer Lyall Bay to south-westerly in
inner Lyall Bay (refer to Figure 3-5). Waves are also partly reflected by tidal and subtidal features at the
edges of the bay, such as the reefs and seawalls.

+ Significant wave height (Hs) is the average of the highest 1/3 of waves in a given wave event or wave
record.

s Peak wave period (Tp) is the wave period associated with the waves producing the most energy in a wave
record.
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Figure 3-5 - Wave rose (a) at top for the entrance to Lyall Bay, approx 1800m south of the Southern Seawall (b) at
centre for outer Lyall Bay, approx.. 100m south of the Southern Seawall (c) at bottom for inner Lyall Bay, approx. 100m
north of Lyall Bay Breakwater (MetOcean, 2025)
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Existing Coastal Environment

The 50" percentile significant wave height from the numerical modelling, which represents “average wave
conditions”, is 1.0m at the entrance to Lyall Bay (MetOcean Solutions, 2024a). Figure 3-6 shows nearshore
wave modelling results for the 50" percentile significant wave height within Lyall Bay (DHI, 2025). The 2024
wave modelling results are generally consistent with other wave studies (e.g. Pickrill, 1979, and NIWA,
2016, which both analysed field measurements of wave conditions).

Overall, as shown in Figure 3-6, wave height reduces as waves move landward due to depth-induced wave
breaking and other wave transformation processes (refraction, diffraction, bottom friction, etc). This
phenomenon is also referred to as “depth-limited wave conditions”. Localised increases in wave height can
be seen around the reefs and sea defences, where the rapid transition from deeper to shallower water
causes waves to shoal (i.e. waves slow down, steepen and increase in height, and the wave length
decreases, associated with the change in water depth). In larger wave conditions, shoaling, which is
typically followed by wave breaking, may also occur as a more gradual process across the bay as a whole.
Extreme wave conditions are covered in Section 3.4.2.
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Figure 3-6 - 50th percentile (P50) significant wave height condition, Hs = 1.0m (DHI, 2025)
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Lyall Bay also experiences infragravity waves, which are long period waves generated by wave groups
breaking (NIWA, 2021). Infragravity waves typically have smaller wave heights than swell and sea and
periods of 25 seconds to 2 minutes or more. Numerical modelling has indicated infragravity waves for a
63% AEP could be in the order of 0.7m in outer Lyall Bay approx 100m south of the Southern Seawall and
1.1m at the seawall. The values were established from comparison of measured data with predicted data by
MetOcean Solutions (2025).

3.4.2 Extreme Wave Conditions

Extreme wave heights and periods in Lyall Bay are associated with southerly swell and sea events.
Numerical wave modelling (Appendix B, MetOcean Solutions, 2025) indicates that in a present day 1%
AEP (100 year ARI) event, significant wave heights up to 5.5m could be experienced near the Southern
Seawall, and up to 1.9m in inner Lyall Bay, although multiple combinations of significant wave height and
peak wave period are possible for a given probability of extreme event.

Figure 3-7 shows the relationship between significant wave heights (Hs), peak wave periods (T,) and
probabilities of extreme events (63% to 0.1% AEP, represented by the different coloured lines in the figure).
As the figure indicates, multiple combinations of Hs and Tp are possible for each probability of extreme
event.

The relationships between Hs, Tp and extreme event probabilities also vary with location. Overall, as shown
in Figure 3-7 from the numerical modelling, wave heights reduce as waves move landward due to depth-
induced wave breaking and other wave transformation processes (refraction, diffraction, bottom friction,
etc).
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Figure 3-7 - Plots of significant wave height Hs against peak wave period T, for extreme events from 63% AEP to 0.1%
AEP (a, top plot) at the entrance to Lyall Bay, approx 1800m south of the Southern Seawall (b, middle plot) outer Lyall
Bay, approx. 100m south of the Southern Seawall (c, lower plot) inner Lyall Bay, approx. 100m north of Lyall Bay
Breakwater (after MetOcean Solutions, 2025 with % AEP and locations added)
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Table 3-5 summarises the maximum 1% AEP significant wave height and associated peak wave period
shown in Figure 3-7 (points marked by x on the 0.1% AEP contours in the figures). The wave heights from
the 2024 modelling are consistent with previous studies (e.g. NIWA, 2012, which included a site in deeper
water south of the entrance to Lyall Bay; NIWA, 2016, which analysed wave measurements).

Table 3-5 - 1% AEP extreme Hsand Tp

Location Maximum Significant Wave Associated Peak Wave

Height, Hs (m) Period, Ty (s)
Entrance to Lyall Bay, approx. 1800m 8.8 13.8
south of the Southern Seawall

Outer Lyall Bay approx 100m south of 5.5 15.2
the Southern Seawall

Inner Lyall Bay, approx 100m north of 1.9 15.8
Lyall Bay Breakwater

3.5 Currents

Currents in Lyall Bay are generated by wind, tidal flows and waves and have been investigated by fieldwork
(current measurements), analysis and numerical modelling studies including NIWA (2016a), NIWA (2016b),
DHI (2016) and DHI (2025).

The modelling and measurements indicate that tidal currents within Lyall Bay are weak (less than 0.1m/s for
the period of modelling and measurement). The modelled net tidal current circulation is anticlockwise in
outer Lyall Bay (southern of the Southern Seawall) and clockwise in inner Lyall Bay (north of Lyall Bay
Breakwater) as shown in Figure 3-8.
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Figure 3-8 - Net (residual) current circulation in Lyall Bay over modelling period (NIWA, 2016b)
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Currents in Lyall Bay are also generated by wind acting on the water. Current measurements and modelling
(Figure 3-9 and Figure 3-10) indicate that wind-driven currents could be an order of magnitude larger than
tidal currents, up to approximately 0.6m/s at the western and eastern bay margins. In broad terms,
southerly winds generate higher currents than northerly winds. Southerly winds produce circulation
patterns similar to the net tidal circulation described above. Circulation patterns are reversed with northerly
winds (anticlockwise in inner Lyall Bay, clockwise in outer Lyall Bay).
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i=igure 3-9 - Current circulation at mid-flood tide with 22 m/s southerly wind (NIWA, 2016b)

&
x10

—

Morthing (NZTM)
magnitude (m/s)

17498 175 17502 17504 1.7506 17508 1751 17512 17514 17516
Easting (NZTM) x10

Figure 3-10 - Current circulation at mid-flood tide with 22m/s northerly wind (NIWA, 2016b)
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Existing Coastal Environment

Currents are also generated by waves, particularly higher energy wave events (DHI, 2016; Pickrill, 1979).
Modelling of wave-induced currents shows a pattern of stronger landward currents (over 0.6m/s) along the
western and eastern margins of inner Lyall Bay, with weaker seaward currents (up to 0.15m/s) through the

centre of the bay (refer to Figure 3-11, DHI, 2016).
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Figure 3-11 - Wave-induced currents for wave event (Hs = 3.5m, T,=11.3s, wave direction = 195°) (DHI, 2016)

Recent modelling by DHI for the entire bay shows a similar pattern, with stronger wave-induced currents at
the margins of the bay (over approximately 1m/s) and weaker currents in the centre of the bay (typically up

to 0.6m/s) (refer to Figure 3-12 and Figure 3-13, and DHI, 2025).
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Figure 3-12 — 63% AEP Storm Current Speed present day (DHI, 2025)
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3.6 Sediments and Sediment Transport

Seabed sediments and sediment processes in Lyall Bay have been the subject of studies since the 1970s.
Lyall Bay seabed and Lyall Bay beach comprise surface sediments of well-sorted fine sand (median grain
size of 0.15 mm) thought to be derived from onshore movement of continental shelf sediment over
geological time (Pickrill, 1979; Lewis and Mildenhall, 1985; NIWA, 2016a; NIWA, 2016b). The sand overlies
gravels which can be exposed around the greywacke rock platforms along the periphery of the outer bay
(Nodder, 1991 and 1994; Aaron and Lewis, 1993; Carter and Lewis, 1995; Mackay and Mitchell, 2014).

The seabed at the Southern Seawall includes outcrops of greywacke rock at the western and eastern ends
of the seawall, with smaller rocky outcrops between them, as shown in Figure 3-14. Greywacke is an
indurated (or hardened) sandstone, with a typical grain size from 0.06mm to 2mm (i.e. sand-sized). The
western and eastern rock outcrops extend from approximately Mean High Water Springs to -12.5m
NZVD16. The seabed between the rocky areas is infilled with sandy gravel and pockets of cobbles, typically
0.1 to 0.8m in depth. From sampling undertaken for the seawall project in 2023, the sandy gravel sediments
are approximately 8% medium gravel, 50% fine gravel, 40% coarse sand, and 2% fine to medium sand.
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Figure 3-14 — Seabed sediments
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The beach east of the Southern Seawall comprises sandy gravels and cobbles (NIWA, 2016a), which
appear to be largely derived from the fill material placed for the 1950s and 1970s reclamations (pers obs;
Retrolens historical aerial photographs, 1941-1974). The beach does not appear to exist prior to the airport
development in the 1950s. Field investigations (Nodder and Gerring, 2015, reported in NIWA, 2016)
indicated the sandy gravels and cobbles were generally a shallow veneer, measured at 0.1 to 0.8m thick,
overlying bedrock. The greywacke bedrock is visible outcropping below low tide level at locations along the
eastern beach.

The shoreline seaward of the stage 1 Korora Colony comprises outcropping greywacke bedrock with a
veneer of sandy gravels and cobbles over the bedrock above low tide level. The sandy gravels and cobbles
appear to be derived from fill material for the original road construction and erosion of the greywacke
bedrock. The section of shoreline is flanked by small rocky headlands. There is no evidence of longshore
transport of the sandy gravels and cobbles along the shoreline, and the small headlands would in any case
form barriers to any longshore transport. Cross-shore transport may occur under storm conditions, with
finer material moved from the intertidal shoreline into the subtidal area.

Sediment transport in Lyall Bay is primarily driven by waves, which mobilise and transport sediment, and by
wind- and wave-induced currents which also transport the finer sediment once it is mobilised. During
extreme wave events, sediment greater than 4mm grain size may be mobile in water depths up to 60m
(Nodder,1994). Total Suspended Sediment (“TSS”) levels in the bay were measured between about 0.2
and 40 g/m?3, averaging 2.8 g/m?, in 2016 (NIWA, 2016c).

Analysis and modelling indicate storm-generated and seasonal cross-shore transport between Lyall Bay
beach and nearshore bars (NIWA, 2016a; Pickrill, 1979). In periods of calm or low energy, such as during
northerly winds, low berms form along the nearshore profiles. However, during higher energy periods, such
as wintertime southerly storms, nearshore profiles steepen and retreat landward as beach sediment is
transported seaward (Pickrill, 1979). Pickrill (1979), Phillips et al (2017) and NIWA (2016a) report that the
shoreline retreats landward in winter or under southerly storms, with sediment forming an offshore bar.
During summer, this process tends to reverse. Greater nearshore changes occur in the high-energy centre
of the beach, while smaller changes are observed at the more sheltered ends, particularly the eastern end
of the beach (Bryan et al, 2019; Pickrill, 1979). According to Pickrill's estimates (1979), the annual sand
budget at Lyall Bay beach is at least 106,000 m?®, with seasonal changes in morphology accounting for over
half of this sand volume. However, there is effectively no supply of sand to the bay in human timescales
(years to decades).

The beach east of the Southern Seawall appears to be subject to cross-shore transport, with beach levels
varying by up to approximately 1m, associated with storm and large swell events. The eroding Eastern Bank
supplies sediment to the beach. The fine clay- and silt-sized material contributes to suspended sediment
levels locally but ultimately is transported offshore and dispersed. Sand, gravel and cobble sized material
typically remains on the beach. The surrounding rock reefs will contribute also sand, gravel and cobbles
from gradual weathering above and below water.

3.7 Coastal Hazards

3.7.1 Coastal Erosion

Approximately 3.3km of the 5.9km Lyall Bay shoreline is protected against coastal erosion by existing sea
defence structures, with sandy Lyall Bay beach seaward of the seawall at the northern end of the bay. The
majority, approximately 2km, of the remaining coastline is rocky and relatively resistant to erosion. Rocky
coastline and sea defences are shown in Figure 3-15.

Coastal erosion at the unprotected Eastern Bank east of the Southern Seawall (annotated in Figure 3-15)
was assessed as part of a recent consent application by Wellington City Council. Erosion rates in this
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location are estimated at 0.28m/year to 0.5m/year for the past 50 years. Considering future SLR and VLM
(ie RSLR), the theoretical Area Potentially Affected by Coastal Erosion extends some 76m to 130m
landward of the present scarp position. However, the underlying rock platform may limit erosion to the
original (pre-reclamation) shoreline, approximately 15m to 40m landward of the present scarp (Beca, 2022).

The bank built for Moa Point Rd, seaward of the Korora Colony, is located above Mean High Water Springs
and the present day 1% AEP storm tide level. Landbased processes (i.e. stability of unretained scarp)
appear to have resulted in retreat of the bank by approximately 2m over the past 23 years.
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Figure 3-15 - Sea defences structures and rocky coastline in Lyall Bay
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3.7.2 Coastal Inundation

NIWA has mapped coastal inundation hazards in Lyall Bay for Wellington City Council (NIWA, 2021). The
hazard mapping is shown in Figure 3-16 for ‘present day’ and a future climate change scenario, based on
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Figure 3-16 — Lyall Bay coastal inundation hazard (a) at top for ‘present day’ storms and (b) at lower for ‘present day’
storms with 1.54m Relative Sea Level Rise + 10% increase in storm conditions (NIWA, 2021a)
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3.7.3 Tsunami

Lyall Bay is potentially subject to near field and far-field tsunami approaching through Cook Strait. A study
undertaken by AECOM (2016) indicated a 6 to 7m tsunami wave height at the airport shoreline for a return
period of 500 years and 10m wave height at the shoreline for a return period of 2500 years.

A more recent study by GNS (GNS, 2021) estimates the maximum tsunami wave heights given in Table
3-6.

Table 3-6 - Maximum tsunami height above background sea level (GNS, 2021)

AEP (ARI) Maximum tsunami height (m above background sea level)
16" percentile 50t percentile 85" percentile

1% (100 years) 21 24 2.7

0.2% (500 yrs.) 3.9 4.6 5.5

0.1% (1000 yrs.) 5.0 6.0 7.3

0.04% (2500 yrs.) 6.8 8.3 104

Tsunami hazard zones are mapped in the WCC District Plan using information from the GNS 2021 study.
The WCC hazard zones are shown in Figure 3-17. High hazard is based on 0.1% AEP tsunami; medium
hazard is based on 0.2% AEP tsunami; and low hazard is based on 1% AEP tsunami (GNS, 2021).

Map Legend

Tsunami - 1:1000 year scenario inundation extent (Low Hazard Area)
%
Tsunami - 1:500 year scenario inundation extent (Medium Hazard Area)

Y,

Tsunami - 1:100 year scenario inundation extent (High Hazard Area)

¥

Foddogy, Lated Taerw adch Mo Zechered SEEEL Calsinandiy kpe cetlanids

Figure 3-17 - Tsunami inundation hazard (WCC District Plan, accessed 2025, based on GNS, 2021)
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4 Coastal Effects Assessment of Proposed Works

Sections 4.1 to 4.4 describe the potential effects on coastal processes and coastal hazards of the
proposed works in operation. Section 4.5 addresses coastal hazards. Section 4.6 describes the potential
effects on coastal processes during construction.

4.1 Effects on Water Levels

The proposed Southern Seawall overlay, Eastern Bank Remediation and rock placement near the Korora
Colony are located on the coastal margins of Lyall Bay. They do not constrict tidal flows into and out of the
bay or create an enclosed water space. They therefore will have no effect on tide levels in Lyall Bay.

The proposed sea defences and Korora Colony rock placement will also have no effect on storm-tides
because they do not affect barometric set-up (which is caused by atmospheric pressure) or wind set-up
which generate storm-tides. They also do not impede any water movements associated with storm-tides as
both the seawall and bank remediation are located on the coastal margins of Lyall Bay.

4.2 Effects on Waves

4.2.1 Southern Seawall

Hydrodynamic modelling was undertaken by DHI (2025) to assess the potential effects of the proposed
seawall on wave climate considering “average” (or 50" percentile) and “annual storm” (or 63% AEP) wave
conditions for present and 100 year (2130, with RSLR) scenarios. These conditions used the hindcast wave
modelling results (MetOcean Solutions, 2025) as inputs and were selected as representing typical
conditions and relatively common storm conditions in Lyall Bay. This modelling is summarised below:

e For the “annual storm” 63% AEP scenarios for the present day and in 2130 the modelling showed
increases and decreases in wave height of the order of 0.4m 110m of the face of the Southern Seawall,
compared with existing wave heights to the order of 5.5m, and increases and decreases of up to 0.2m-
0.3m in the south eastern embayment of Lyall Bay compared with existing wave heights of up to 5m
(refer to Figure 4-1 and Figure 4-2, and additional figures in DHI, 2025). The modelling also indicated
localised increases (total area approximately 11,000m? or 1% of the 800,000m? area of inner Lyall Bay)
of up to 0.2m (compared with wave heights of 2m to 5m depending in location) in inner Lyall Bay. The
changes would be limited to the duration of the storm condition, typically less than 12 hours per year.

e For the 50" percentile scenarios the modelling showed no effect on the inner Lyall Bay wave heights
(refer to Figure 4-3 and Figure 4-4, and additional figures in DHI, 2025) and up to 0.4m increase
(compared with wave heights of over 0.9m) within approximately 50m of the face of the Southern
Seawall (total area approximately 22,000m? or 1% of the 2,000,000m? area of outer Lyall Bay).

e These results may be conservative (i.e. slightly overestimating rather than underestimating effects) as
DHI has assumed the existing Southern Seawall is relatively porous with little wave reflection. The
actual porosity and reflectivity of the existing seawall varies along its extent, with some reflective
steepened and closely-packed sections. The proposed seawall may be more dissipative and less
reflective due to the additional underlayer and armour layer and the more consistent seawall slope.
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The overall effect of the proposed Southern Seawall on the wave climate in Lyall Bay is expected to be
minor. This conclusion is based on:

Approximately 1% of the area of inner Lyall Bay being affected for the storm duration by wave height
increases of up to 4%-10% under annual storm conditions; and inner Lyall Bay not being affected under
milder wave conditions. In practice these changes are likely to be difficult to distinguish from baseline
conditions because of the small area affected, the modest level of change and the short duration of the
changes. In itself, this would be considered a negligible effect on inner Lyall Bay wave heights.

“Slightly larger waves” (changes up to of the order of 0.4m, as characterised by DHI) within
approximately 50m to 110m of the face of the Southern Seawall. The wave height increases and
decreases are up to 7% under annual storm conditions and up to 40% under average wave conditions,
noting also that these results may be slightly overestimated as discussed above. Although the
percentage magnitude of effect under average wave conditions is above 10%, the absolute magnitude
is modest (up to 0.4m), the corresponding area affected is approximately 1% of outer Lyall Bay, and
existing wave heights in this area will already be modified by the existing presence of a seawall and
therefore, on balance, the effect on waves from the proposed Southern Seawall is considered minor.
Wave height increases and decreases of up to 4% to 6% in the south eastern embayment of Lyall Bay
under annual storm conditions (for the duration of the storm), affecting approximately 198,000m? or just
under 10% of the 2,000,000m? area of outer Lyall Bay. As the percentage magnitude and area affected
are less than 10%, and the effect is of short duration (i.e. the duration of the storm event), the effect on
waves in the south eastern embayment is considered minor.
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Figure 4-1 - 63% AEP Storm Wave Height — Present Day comparison (DHI, 2025)
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Figure 4-4 - 50" Percentile Wave Height — 2130 with RSLR comparison (DHI, 2025)

Refer to the following sections for sediment transport.

4.2.2 Eastern Bank Remediation and Korora Colony Rock

The Eastern Bank rock protection will be founded beneath the existing beach, and the lower 3 to 4m will be
covered by beach material following construction. The rock protection is therefore only expected to be
exposed to waves if the beach lowers significantly (more than 1m) or as a result of wave run-up during
storm events.

In the longer term, with RSLR and repeated storms, it is possible that beach material may be moved
offshore and the rock protection may become regularly exposed to wave action. If this occurs, it is
expected that there could be a slight increase in wave reflection and slight decrease in wave dissipation,
noting that the natural reef in this area means wave energy reaching the shoreline is lower than for the
Southern Seawall. The effect would be localised, potentially extending 50 to 100m seaward of the face of
the seawall and confined alongshore within the south eastern embayment of Lyall Bay.

Any effect of the Eastern Bank Remediation on waves is therefore expected to be negligible (if the rock
protection remains covered by beach material) to minor (if the rock protection becomes exposed to wave
action).

The Korora Colony rock is largely located above Mean High Water Springs and the 1% AEP storm tide level
and therefore will not affect waves. The individual rocks placed at the rocky headlands, between low tide
level and the existing bank, mimic the natural rock features at these locations and any effect on waves
(reflection) is therefore expected to be negligible.

1 Sea Defences Renewal-Southern Seawall-Draft Coastal Processes Effects Assessment_18022024 | 3324338-1447474242-8513
I 22/07/2025 | 28



Coastal Effects Assessment of Proposed Works

4.3 Effects on Currents

4.3.1 Wave-induced Currents and Southern Seawall
Wave-induced currents were included as part of the numerical wave modelling undertaken by DHI (2025).

For the “annual storm” 63% AEP wave condition, as shown in Figure 4-5 to Figure 4-7, the modelling
indicated:

e Increases and decreases in current speed up to 0.2m/s in a small area (total area approximately
6,800m? or less than 1% of the area of inner Lyall Bay) north east of Lyall Bay Breakwater for 2130
(including RSLR).

e Also for the 2130 scenario, an increase of up to 0.3m/s in wave-induced current speed to the south
west of the Southern Seawall in an existing eddy (noting that the modelling shows the maximum
existing and affected current speeds remain less than 0.6m/s). The area of the eddy is approximately
26,500m? or 1% of outer Lyall Bay.

e Anincrease of the order of 0.4m/s on the reef immediately east of the Southern Seawall, compared to
existing current speeds to up to 1.4m/s, affecting approximately 3,200m? or 0.2% of the area of outer
Lyall Bay) for the 2130 scenario.

¢ Small increases and decreases in current speed (typically up to 0.2m/s compared to existing current
speeds of up to 1.8m/s) along a 500m stretch of the south eastern embayment and south of the
seawall, for the present day and 2130, affecting a total area of up to approximately 19,600m? or 1% of
outer Lyall Bay.

e These changes are due to alterations in the distribution of current speeds, however maximum current
speeds and direction do not appear to change.
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Figure 4-6 - 63% AEP wave-induced current speeds — 2130 with RSLR comparison (DHI, 2025)

Figure 4-7 - Enlargement of 63% AEP wave-induced current speed — 2130 with RSLR comparison (DHI, 2025)

For the 50™ percentile or “average” wave conditions modelled for both the present day and 2130 scenarios
there were no identifiable changes to currents in inner Lyall Bay, as shown in Figure 4-8 and Figure 4-9.
Changes modelled in outer Lyall Bay were limited to current increases of up to 0.2m/s over part of the reef
east of the seawall (1,300m?, or less than 0.1% of the area of outer Lyall Bay) in the present day scenario.
There were no identifiable changes in outer Lyall Bay for the 2130 scenario.

DHI notes that the area east of the Southern Seawall is presently an area of strong wave-induced currents
and already a concern for recreational user safety, with the proposed Southern Seawall resulting in
“minimal” differences to wave-induced current speeds. Further figures are included in Appendix A.
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The overall effect of the proposed Southern Seawall on the wave-induced currents in Lyall Bay is expected
to be minor. This conclusion is based on:

e For “annual storm” (63% AEP) wave conditions with present day water levels, a small area of inner Lyall
Bay being affected by current speed changes of up to 50%. Although the percentage magnitude of
effect is above 10%, the absolute magnitude is modest (up to 0.2m/s), the area affected is less than 1%
of inner Lyall Bay, the effect is of short duration (i.e. the duration of the storm event) and existing
currents in this area will already be modified by the presence of Lyall Bay Breakwater and the Western
Seawall. On balance, therefore, this particular effect on currents is considered minor.

e For “annual storm” (63% AEP) wave conditions with 2130 water levels, no identified effect of the
Southern Seawall on currents in inner Lyall Bay

e For “annual storm” (63% AEP) wave conditions for present day and 2130 scenarios, parts of outer Lyall
Bay being affected by changes in current speed of up to 10% to 50%. Although the percentage
magnitude of the effect is above 10%, the area affected is a small proportion of outer Lyall Bay
(approximately 2% under 2130 conditions and less than this under present day conditions), maximum
current speeds in outer Lyall Bay do not appear to be increased, the effect is of short duration (i.e. the
duration of the storm event), and existing currents in this area will already be modified by the presence
of the seawall. On balance, therefore, the effect on currents is considered minor.

e For “average” (50" percentile) wave conditions for both present day and 2130 scenarios, no identified
effect on currents in inner Lyall Bay.

e For “average” (50" percentile) wave conditions for present day water levels, a small area of outer Lyall
Bay being affected by current speed changes of up to 50%. Although the percentage magnitude of
effect is above 10%, the absolute magnitude is modest (up to 0.2m/s), maximum current speeds in
outer Lyall Bay do not appear to be increased, the area affected is less than 1% of outer Lyall Bay, the
effect is of short duration (i.e. the duration of the storm event) and existing currents in this area will
already be modified by the presence of the seawall. On balance, therefore, this particular effect on
currents is considered minor.

e For “average” (50" percentile) wave conditions for both 2130 water levels, no identified effect on
currents in outer Lyall Bay.

4.3.2 Wave-induced Currents and Eastern Bank Remediation and Korora Colony Rock

As described above, the Eastern Bank Remediation is not exposed to waves unless the beach level lowers
in the longer term. Any effects are therefore expected to be less than those modelled for the proposed
Southern Seawall i.e. negligible to less than minor.

The Korora Colony rock is largely located above Mean High Water Springs and the 1% AEP storm tide level
and therefore will not affect currents. The individual rocks placed at the rocky headlands, between low tide
level and the existing bank, mimic the natural rock features at these locations and any effect on currents
(localised deflection) is therefore expected to be negligible.

4.3.3 Tidal and Wind-driven Currents, Southern Seawall, Eastern Bank Remediation and
Korora Colony Rock

Effects of the Southern Seawall, Eastern Bank Remediation and Korora Colony rock on tidal and wind-
driven currents are expected to be negligible because:
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o Tidal currents in Lyall Bay are weak, as described in Section 3.5 and, additionally, the sea defences
and Korora Colony rock are located on the coastal margins where tidal currents, and currents under
northerly wind conditions, are lower than in the centre of the bay (refer to Figure 3-8 and Figure 3-10).

e Hydrodynamic modelling for an extension of Wellington Airport’s runway proposed a number of years
ago, which was a much larger structure than the proposed sea defences on the existing coastline,
concluded that:

o Overall for net (residual) tidal currents the extension was likely to have a minor localised effect
in eastern mid-Lyall Bay circulation, a negligible effect on nearshore circulation, and would not
affect currents in outer Lyall Bay (NIWA, 2016a).

o The extension would have relatively localised effects and minor effects on wind-driven currents
(NIWA, 2016a).

Any effects of the Southern Seawall, Eastern Bank Remediation and Korora Colony rock will be much
less than for the previous runway extension proposal because the seawall and bank works are
confined to the existing coastline, while the extension proposed at that time projected some 330m into
outer Lyall Bay.

4.4 Effects on Sediments and Sediment Transport

4.4.1 Southern Seawall
The nature of the existing sediments in Lyall Bay is not materially altered by the proposed works:

e The existing rock reefs (outcropping greywacke) will remain as rocky seabed, with a toe key excavated
for stable placement of the new concrete armour overlay.

e The rock underlayer, areas of rock toe, and concrete armour overlay are consistent in nature with the
existing rock underlayer, concrete armour units, and the rock and concrete armour units at the toe of
the present seawall,

e If arock blanket is needed to smooth over rock pinnacles, it will be within the seawall footprint and
similar in nature to smaller rock at the toe of the existing seawall.

e The project as designed avoids placement of any imported bulk fill material below water and exposure
of the existing seawall core material, minimising the release of fine sediment (silt- and clay-sized
material) and any imported sands and gravels.

Sediment transport is driven by waves and currents acting on mobile seabed and foreshore sediments. As
described in Section 3.6, these mobile sediments include sands and gravels on the seabed and beach.
Much of the seabed around the Southern Seawall and adjacent embayment is outcropping rock, however.
The effects of the proposed overlay on the waves and currents are expected to be localised and/or
relatively small changes in wave heights and wave-induced currents, mainly in the south-eastern
embayment in outer Lyall Bay (refer to Sections 4.2 to 4.3).

For inner Lyall Bay, the minimal changes in waves and currents indicated by the modelling are not
expected to result in any discernible change to sediment transport. The existing patterns of storm-
generated and seasonal cross-shore transport between Lyall Bay beach and nearshore bars are expected
to continue. These minimal changes are also consistent with the sediment transport modelling undertaken
in 2016 which indicated less than 1cm seasonal change in seabed levels in inner Lyall Bay associated with
the larger runway extension project proposed at that time.
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South of the seawall there would be potential for scour at the toe of the structure with the localised increase
in wave heights and currents in this area under average and storm conditions. For the modelled “average”
conditions, scour effects are not expected to extend beyond this immediate coastal fringe, as wave heights
and currents show no change further seaward. Any toe scour is limited by bedrock which outcrops on the
seabed and underlies the sand and gravel along the Southern Seawall.

The upper-range increases in wave height and current speed which occur under “annual storm” conditions
(of the order of 0.4m and 0.4m/s respectively) are located around the rock outcrops west and east of the
seawall. This may result in increased mobilisation of gravel and sand in these localised areas during storm
events and exposure of more of the outcrops. Modelled changes elsewhere in the south eastern
embayment and central bay are small (e.g. generally up to 0.2m/s reduction in current speed and 0.2m
increase in wave height for “annual storm” and “average” conditions) with no material changes in current
direction.

Effects on sediment transport for the sandy seabed beyond the rock outcrops are therefore expected to be
limited to sand mobilisation in slightly deeper water (level of change depending on the conditions
considered) with negligible change in sediment transport direction, which will continue to vary with wave
and wind conditions.

In summary, the effects of the proposed works on sediment and sediment transport in Lyall Bay, including
the beach, inner and outer Lyall Bay, are expected to be negligible to minor based on the points above.

4.4.2 Eastern Bank Remediation

The Eastern Bank remediation has been proposed to provide a more resilient transition between the
seawall and existing shoreline further east. Rock protection with re-grading and revegetation landward of
the crest is proposed to reduce the existing coastal erosion, to reduce the risk of outflanking of the
Southern Seawall, and to mitigate potential effects of the minor increase in storm wave heights and
currents noted in Sections 4.2 and 4.3. The remediation will also help to protect landward infrastructure
(wastewater and stormwater outfalls, and the landward gravity pipes) against future erosion. The rock
protection is extended approximately 5m eastward of the Eastern Bank Remediation to also protect the Moa
Point wastewater outfall, mitigating any localised end erosion effects on this structure.

The Eastern Bank Remediation will reduce the existing release of clays and silts by erosion from the
unprotected high bank, beneficially reducing local suspended sediment levels. The length of high bank
exposed to wave action and erosion will be reduced by approximately 50%, potentially giving a 50%
reduction in the release of clays and silts that contribute to local suspended sediment levels. The bank
remediation will also reduce the supply of coarser eroded fill to the beach. Over time with sea level rise, this
may result in local lowering of the western 70m of the 400m long anthropogenic beach. As a result, the
underlying rock outcrop that formed the original (pre-1950s) shoreline could become more exposed or
could become exposed sooner (as indicated by the existing WCC coastal erosion assessment referenced in
Section 3.7.1, the underlying rock platform may ultimately become exposed as a result of sea level rise and
erosion regardless of the Eastern Bank Remediation), Increased exposure of the original rocky shoreline
could be considered beneficial in terms of a partial restoration towards its pre-development state, with the
rocky shoreline also being more resistant to erosion than the existing beach and backshore. This would,
however, be a change in the western 70m of beach, which is presently a sandy gravel beach with cobbles
of rock and concrete.

The angle of approach of incident waves, the offshore reef, and the design of the Eastern Bank Remediation
reduce the potential for end effects. As shown in the images in Figure 4-10 below, incident waves
approach perpendicular to the shoreline and are reflected directly seawards. Video footage during storm
events also confirms this pattern.
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Figure 4-10: Aerial and oblique photographs of swell and storm waves approaching the Southern Seawall
and Eastern Bank Remediation area (GoogleEarth, 2015 to 2023; X.com, 2020)
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In addition, wave energy reaching the shoreline at the Eastern Bank Remediation location is reduced by
refraction, bed friction, shoaling and wave breaking as incident waves travel over the rock reef seaward of
this section of the shoreline. The refraction, shoaling and wave breaking over the reef are evident in the
images in Figure 4-10.

The Eastern Bank Remediation is designed to follow the existing shoreline alignment, smoothing the
transition between the Southern Seawall and the shoreline further east. The Eastern Bank Remediation
ends with a roundhead, to provide a stable termination, and a tapered section of rock over geotextile and
recontoured fill to match into the existing bank and rubble toe protection. The lower section of the Eastern
Bank Remediation will also be covered with beach material, which will be temporarily removed for
construction access and then replaced over the new rock.

4.4.3 Korora Colony Rock

As described in the preceding sections, the Korora Colony rock is largely located above Mean High Water
Springs and the 1% AEP storm tide level, and the individual rocks placed at the rocky headlands, between
low tide level and the bank, mimic the natural rock features. Natural landbased and marine processes are
expected to continue to provide material to the shoreline as at present (i.e. the individual rocks placed
parallel to the shoreline will not alter the longstanding bank erosion and the spaces between these rocks
will allow material to be supplied to the shoreline as at present). There is no evidence of longshore
transport across the small rocky headlands and cross-shore transport will be unaffected by the placement
of rocks at the headlands. Overall, therefore, effects on sediments and sediment transport are expected to
be negligible

4.5 Coastal Hazards

4.5.1 Coastal Erosion and Inundation

The proposed Southern Seawall and Eastern Bank Remediation will increase the resilience of the existing
seawall and bank to coastal erosion and inundation (through wave overtopping) caused by wave attack and
future climate change. As noted previously, the Eastern Bank Remediation provides a more resilient
transition between the seawall and existing shoreline further east, reducing existing coastal erosion of the
bank and risk of outflanking of the Southern Seawall by coastal erosion.

The Southern Seawall overlay and Eastern Bank Remediation are designed for stability under a 1% AEP
wave event with conservative allowances for SLR and increased wave height and wave period to 2080. At
the eastern end of the Eastern Bank Remediation and the western end of the Southern Seawall, the crest
level lowers to match existing ground level in order to reduce visual, landscape and amenity effects. These
areas are expected to experience slightly reduced (up to 10% reduction) overtopping due to the greater
width of proposed rock and armour units seaward of the crest.

The Korora Colony rock is not expected alter existing sediment transport and landbased processes, as
described in Section 4.4.3, and effects on coastal erosion are therefore expected to be negligible, The rock
will also not alter existing land levels, and therefore will not affect coastal inundation.

4.5.2 Tsunami

The proposed Southern Seawall and Eastern Bank Remediation are not explicitly designed for tsunami
loading, given the difficulty of engineering and constructing a tsunami-resistant defence and the
environmental effects and cost of doing so. The performance of the proposed Southern Seawall has been
evaluated in terms of potential tsunami loads in order to inform natural hazard preparedness and recovery
planning. Analysis indicates that the Cubipod armour layer remains stable against sliding and overturning
for a 1% AEP tsunami, and there is potential armour displacement under a 0.5% AEP tsunami (repair may
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be required) and instability (significant displacement with repair expected) under a 0.1% AEP tsunami.
Although the Southern Seawall is not designed for tsunami loading, this level of performance is consistent
with performance under wave loads (stability under the 1% AEP event). It is also consistent with the
broader level of infrastructure damage and repair anticipated for a 0.1% AEP tsunami, which would cause
widespread inundation across the Wellington region, including road networks connecting the central city
and Rongotai-Miramar area.

4.5.3 Climate Change

The wave and current assessments have considered SLR to 2130 (nominal 100 year horizon). Results are
discussed in Sections 4.2 and 4.3.

The proposed Southern Seawall and Eastern Bank Remediation design have considered climate change to
2080 (i.e. for the nominal 50 year design life). The climate change considerations include accounting for
SLR for the design life of the structure based on MfE (2024) and NZ SeaRise Programme Te Tai Pari O
Aotearoa (https://searise.takiwa.co/map, 2024 and 2025) and increased wave height and period based on
Albuquerque et al (2022):

e 2080 -2.5% increase
e 2130 - 5% increase

Although VLM is a geological phenomenon and not related to climate change, it has also been included in
the assessments and design, in accordance with MfE and NZ SeaRise Programme guidance. The more
conservative 2024 estimation of VLM has been used to calculate RSLR for the project (Section 3.3.3).

Actual RSLR will be monitored during the design life of the structures using the Queens Wharf tide data and
national/regional guidance/publications. While a conservative climate change scenario has been allowed
for, depending on airport operational requirements and actual climate change, the crest wall may need to
be modified (e.g. crest of wall raised) during the design life of the structure.

Beyond the design life, adaptation of the Southern Seawall has been considered to 2130. It is anticipated
this could comprise a further overlay of concrete armour units, and/or further modification of the crest wall.
Adaptation of the Eastern Bank Remediation beyond the design life could similarly include overlay with
larger rock and/or raising the crest of the rock protection and adjacent bund. For both structures, other
than the existing challenges of the exposed site and operational environment, adaptation would be relatively
straightforward and would not be expected to involve demolition or full re-construction, reducing potential
future effects.

The Korora Colony rock is an ecological enhancement and not a designed, engineered structure. The rocks
are largely located above the projected 1% AEP storm tide level in 2080 and are expected to be
comparable in size to the larger natural rocks on this section of shoreline. The placed rock is therefore
expected to behave in a similar manner to existing rock at the site. Minor relocation or replacement of
individual rocks at the headlands could be necessary from time to time, in future, if they were displaced.

4.6 Construction Effects on Coastal Processes

The anticipated effects of the Southern Seawall, Eastern Bank Remediation and Korora Colony rock
construction on coastal processes are described below, based on the construction methodology provided
in Mitchell Daysh (2025).

a. General Marine Construction

e Construction plant and temporary access structures will cause localised disturbance of the foreshore
and seabed. This may include land-based or marine-based excavators, cranes, bulldozers, workboats,
barges, dive boats and marine plant and machinery while preparing the site, moving and placing
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seawall materials including rock and armour units, monitoring the works, and demobilising. Temporary
access structures may include piled platforms to form a working access route and/or platform.
Mitigation includes using largely land-based plant and keeping temporary access structures to a
practicable minimum, noting the importance of having sufficient working area for plant. Coastal
processes are considered relatively resilient at the site. The environment is dynamic and frequently
exposed to energetic waves which are expected to return the foreshore and seabed to similar to pre-
works condition within weeks to months after completion of construction.

b. Excavation of the seabed

Use of a long-reach excavator fitted with a hydraulic cutting head and/or ripper to excavate a toe key in
the rocky seabed and an excavator bucket to remove weaker rock material, rock cuttings and granular
seabed material as required for the toe. The coastal processes effects are expected to be short term
mobilisation of seabed sediment causing a localised increase in suspended sediment, as described
below.

The excavator attachments are expected to excavate the moderately weathered greywacke rock in
block pieces of up to 500mm. The granular seabed material that will be excavated is sandy gravel with
pockets of cobbles. The majority of the excavated material is expected to settle out of suspension
within approximately 20m of the excavation, noting that the main activity is at the seabed. Medium
sand-sized and coarser particles (larger than 0.2mm) settle to the seabed within 10 minutes in the toe
excavation area (water depths up to approximately 8m) if released from the excavator bucket at the
water surface under calm conditions. Fine sand-sized particles (between 0.06mm and 0.2mm) could
take up to an hour to fall to the seabed under the same scenario. The majority of material will be
coarser particles released at seabed level, however, and will settle more quickly. A small percentage,
estimated to be 2% by volume, of silt- and clay -sized material may be generated by the cutting head.
Lower percentages will be generated by the ripper and bucket. This material will rapidly be dispersed
by currents and waves and is expected to be deposited with similar-sized material in sheltered waters
outside Lyall Bay e.g. Wellington Harbour. The total amount of silt- and clay -sized particles generated
is expected to be 60 to 120 m?, equivalent to an average depth of deposition across Wellington Harbour
of less than 0.002mm and less than 0.25% of the annual Wellington Harbour sediment load. The
material would mix with suspended sediment from other sources (e.g. south coast and harbour rivers,
streams and stormwater outfalls) and be effectively indistinguishable from fines generated by erosion of
above- and below-water weathered greywacke.

The excavation is expected to take some 80 to 160 working days (9 to 18% of the total construction
duration), depending on the final excavation volume. Daily release of silt and clay-sized particles is
expected to be around 1 m® (2.65t), based on information from the contractor. This is equivalent to 8%
of the sediment flux in Lyall Bay, the mass of suspended sediment entering and leaving the bay with
ebb and flood tides every day, based on mean TSS measurements recorded by NIWA in spring 2016
(NIWA, 2016c), and 0.6% of the maximum recorded sediment flux, during annual storm conditions for
example.

Suspended sediment control is expected to include TSS monitoring during the excavation. The
monitoring is to verify that any elevated TSS levels are localised and of short duration. Silt curtains are
unsuitable for this location due to the exposed, high energy nature of the site (i.e. they would be
dislodged, broken up and resulting debris would be distributed across the coastal marine area) and
unnecessary for the site (given low proportion of fines expected to be generated).

Gravel and sand will be cleared locally at the base of the Southern Seawall to allow toe armour units or
rock to be placed directly on the underlying greywacke bedrock. It is expected that natural wave
processes would return gravel and sand to these areas within six months or less of construction (noting
that the toe is progressively completed along the seawall and recovery would start as soon as a section
of toe was placed).
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c. Underlayer and Armour Placement

There is potential for release of fine material associated with placement of rock and concrete armour
units. Control measures include, fundamentally, the seawall overlay solution, which avoids exposing the
filled face of the seawall to wave action and erosion, and also avoids placing smaller rock material to
reconstruct the seawall; standard requirements for clean rock and armour units; controlled placement
on site using appropriate plant; and site handling and storage practices e.g. granular yard pavements to
avoid placing rock and armour units on muddy ground.

The effects of the proposed construction on coastal processes are expected to be minor subject to and
based on the following points:

The scale of the works (a 400m-long Southern Seawall, an 80m length of Eastern Bank Remediation
and a 20m section of Korora Colony individual rock placement) on the coastline (8% of the
approximately 6km coastline of Lyall Bay).

The nature of the Southern Seawall works, applying an “overlay” methodology rather than removing
the existing armour, which reduces the duration and magnitude of disturbance in the coastal and the
potential for exposure and release of seawall core material.

The location of the works in southern Lyall Bay, physically separated from the main sandy beach by
Lyall Bay Breakwater and approximately 700m, which reduces the potential for any construction
impacts on the beach.

Use of both excavated and rock toes, which reduces the amount of excavation and associated
mobilisation of seabed sediment and generation of suspended sediment by up to 50%.

The small quantity of estimated fines generated from rock excavation, equivalent to an average depth of
deposition across Wellington Harbour of less than 0.002mm and less than 0.25% of the annual
Wellington Harbour sediment load, which would mix with suspended sediment from other sources and
be effectively indistinguishable from fines generated by those other sources.

Planning and implementation of industry-standard controls and good practice as noted above to limit
the release of fine material from the landside work area. These measures should be set out in the
project Erosion and Sediment Control Plan (“ESCP”).
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5 Mitigation and Monitoring

5.1 Mitigation of Effects

The proposed works and construction methodology provided in Mitchell Daysh (2025) reduces potential
adverse effects on coastal processes, as discussed in previous sections, through:

e Overlay of the existing seawall with large rock and concrete armour units, rather than demolition and
reconstruction of the seawall. This reduces the release of fine material and associated increase in
suspended sediment in the water column.

e Use of both excavated and rock toes for the seawall, which reduces the amount of excavation,
disturbance of seabed sediment and generation of suspended sediment.

e The Eastern Bank remediation, which provides more resilient transition between the seawall and
existing shoreline further east, mitigating potential end effects and outflanking of the Southern Seawall
by coastal erosion.

e Using largely land-based plant and keeping temporary access structures to a practicable minimum,
noting the importance of having sufficient working area for plant, to mitigate localised disturbance of the
foreshore and seabed.

e Standard requirements for clean rock and armour units; controlled placement on site using appropriate
plant; and site handling and storage practices to reduce release of fines and increase in suspended
sediment levels.

No further mitigation is recommended in relation to coastal processes, noting the level of effects described
in Section 4.

5.2 Beneficial Opportunities
The beneficial coastal processes opportunities associated with the project include:

e Increasing the resilience of the existing Southern Seawall to coastal erosion and inundation caused by
wave attack and future climate change (this is the primary purpose of the proposed works).

e Reducing the release of fine material (silts and clays) into Lyall Bay caused by existing erosion of the
Eastern Bank. This opportunity is dependent on discussions with external parties.

e Supporting protection of landward infrastructure (wastewater and stormwater outfalls) against future
erosion, through the Eastern Bank Remediation.

e Reuse of material (e.g. rock from existing gabions) from the project where practicable within the
proposed Southern Seawall.

5.3 Monitoring
The following monitoring is proposed based on the discussion in the previous sections:

e Visual inspection of the cleanliness of underlayer and Eastern Bank Remediation and Korora Colony
rock and concrete armour unit stockpiles before placement in the Coastal Marine Area. Records will
comprise of a photographic record of stockpiles.

e TSS monitoring during below-water toe excavation to confirm that suspended sediment levels are
consistent with expectations. It is anticipated that this would comprise twice-weekly photographs and
sampling and analysis of TSS at control and monitoring locations during excavation, at near-seabed
and near-surface depths. Subject to initial sampling (e.g. over the first two weeks of excavation)
indicating that actual levels were consistent with expected, the level of monitoring could be reviewed
and reduced.
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6 Summary and Conclusions

The expected effects of the proposed Southern Seawall, Eastern Bank Remediation and Korora Colony
rock on coastal processes are set out below, together with mitigation and monitoring and an overall
conclusion as to the level of coastal processes effects.

Water Levels

e No effects on tide levels and storm-tide levels are anticipated as the proposed Southern Seawall,
Eastern Bank Remediation and Korora Colony rock are located on the coastal margins of Lyall Bay.

Waves and Currents

e |tis anticipated there will be negligible to minor changes to waves and currents, and these will largely
be confined to the vicinity of the Southern Seawall and Eastern Bank Remediation.
e Hydrodynamic modelling undertaken for the Southern Seawall project indicated that:

(0]

For “average” (50" percentile) wave conditions in the present day and in 2130 with SLR, there
was no discernible effect on the inner Lyall Bay wave heights and currents. In outer Lyall Bay,
only localised increases in wave height of up to 0.4m at the seawall for present day and 2130
scenarios and a localised increase of up to 0.2m/s in current velocity southeast of the seawall
for the present day scenario were identified. The modelling showed no changes in currents
under the 2130 scenario.

For “annual storm” (63% AEP) wave conditions there were increases and decreases in wave
height of up to the order of 0.4m, compared to existing wave heights of up to 5.5m south of the
seawall (outer Lyall Bay), and localised increases of up to 0.2m, compared to existing wave
heights of 2-5m, in inner Lyall Bay. Less than 1% of inner Lyall Bay was affected by wave-
induced current velocity changes of up to 0.2m/s (50%) for short periods (i.e. storm duration)
with present day water levels. Approximately 2% of outer Lyall Bay was affected by changes in
current velocity of up to 0.4m/s (50%) under the present day and 2130 scenarios, although
these were due to small shifts in current locations and maximum current speeds did not appear
to be increased. These changes would be limited to the duration of the storm. No changes in
currents were identified in inner Lyall Bay for the 2130 scenario.

Sediments and Sediment Transport

e The effects of the proposed Southern Seawall, Eastern Bank Remediation and Korora Colony rock on
sediment and sediment transport, including Lyall Bay beach, inner and outer Lyall Bay, are expected to
be negligible to minor due to:

o

The minimal changes in waves and currents in inner Lyall Bay as indicated by hydrodynamic
modelling.

Any toe scour being limited by the greywacke bedrock which outcrops on the seabed and
underlies the sand and gravel along the Southern Seawall.

Minor increases in “annual storm” wave height and current speed around the rock outcrops
west and east of the seawall. This may result in increased mobilisation of gravel and sand in
these localised areas during storm events and more exposure of the outcrops.

Lesser changes to waves and currents in the south eastern embayment and central bay
resulting in sand mobilisation in slightly deeper water with negligible change in sediment
transport direction, which will continue to vary with wave and wind conditions.

Reduced erosion of the existing Eastern Bank, reducing local suspended sediment levels and
the supply of coarse material to the beach. Over time with sea level rise, the latter may result in
local lowering of the anthropogenic beach and the underlying rock outcrop that formed the
original (pre-1950s) shoreline could become more exposed.
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o The Korora Colony rock being largely located above MHWS, with the individual rocks placed at
the rocky headlands above low tide level bank mimicking the natural rock features.

Coastal Hazards

e The proposed Southern Seawall and Eastern Bank Remediation increase the resilience of the existing
seawall and bank to coastal erosion and inundation and help to protect existing infrastructure (e.g.
airport runway and navigation system, Moa Point Road and Tunnel, stormwater and wastewater outfalls)
and passive recreation land.

o The crest level at the eastern end of the Eastern Bank Remediation and the western end of the
Southern Seawall matches existing ground level in order to reduce visual, landscape and amenity
effects. These areas may experience reduced wave overtopping compared to large wave events at
present.

e Climate change has been considered in the design and potential adaptation measures identified to
2130. These measures may consider further overlay of concrete armour units, and/or installation or
raising of a crest wall.

Construction

e The short-term effects of construction on coastal processes are expected to be minor, subject to
planning and implementation of industry-standard controls and good practice as noted above. These
measures should be set out within the project ESCP.

Mitigation

e The Eastern Bank Remediation provides a more resilient transition between the seawall and existing
shoreline further east, mitigating potential end effects and outflanking of the Southern Seawall.

e Use of both excavated and rock toes for the seawall, which reduces the amount of excavation,
disturbance of seabed sediment and generation of suspended sediment.

e Overlay of the existing seawall reduces the release of fine material and associated increase in
suspended sediment in the water column.

e Using largely land-based plant and keeping temporary access structures to a practicable minimum,
noting the importance of having sufficient working area for plant, mitigates localised disturbance of the
foreshore and seabed.

e Standard requirements for clean rock and armour units, controlled placement on site using appropriate
plant, and site handling and storage practices reduce the release of fines and increase in suspended
sediment levels.

Monitoring

e Visual inspection of the cleanliness of rock and concrete armour units.
e TSS monitoring during below-water excavation for the seawall toe.

Conclusion

Overall, the long-term effects and short-term construction effects of the proposed works on Lyall Bay are
considered to be minor taking into account the proposed mitigation and monitoring.
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