Report

America’s Cup 36, Auckland 2021
Coastal Processes & Dredging Technical Report
for Resource Consent Application, Wynyard Basin and Ferry &
Fishing Industry Relocation Facility
Prepared for Panuku Development Auckland
Prepared by Beca Ltd and Tonkin & Taylor Ltd
January 2018

America's Cup 36 Coastal Processes and Dredging Technical Report

Revision History
Revision Nº

Prepared By

Description

Date

1

Louis Reed, Jennifer Hart

Draft Issue

13.12.2017

2

Jennifer Hart, Richard ReinenHamill

Final Draft Issue

22.12.2017

3

Jennifer Hart, Richard ReinenHamill

Interim Issue for Consent Application

05.01.2018

4

Jennifer Hart

Final Issue for Consent Application

12.01.2018

Signed

Date

Document Acceptance
Action

Name

Prepared by

Louis Reed, Jennifer Hart

12.01.2018

Reviewed by

Stephen Priestley

12.01.2018

Approved by

Jennifer Hart

12.01.2018

on behalf of

Beca Ltd

© Beca 2017 (unless Beca has expressly agreed otherwise with the Client in writing).
This report has been prepared by Beca on the specific instructions of our Client. It is solely for our Client’s use for the
purpose for which it is intended in accordance with the agreed scope of work. Any use or reliance by any person contrary
to the above, to which Beca has not given its prior written consent, is at that person's own risk.

America's Cup 36 Coastal Processes and Dredging Technical Report

Executive Summary
Overview
1. The maritime-based works comprise new wharves (piles and deck), piled breakwaters, dredging, and
underwharf services. Some of these related activities will result in discharges to the Coastal Marine
Area (CMA). The proposed works for the 36th America’s Cup (AC36) are located adjacent to Viaduct
Harbour, and the project is referred to as Wynyard Basin. This report relates to an application for
resource consents for Wynyard Basin.
2. To facilitate these works, the vehicular ferry and fishing industry has been relocated to the west of
Wynyard Point. This is referred to as the Ferry and Fishing Industry Relocation Facility (FFIRF) and this
proposal is the subject of a separate application for resource consents (to which this report also relates).

Assessment Methodology
3. The predicted adverse effects on coastal processes are associated with changes to the basin flushing
time, wave reflection outside of the Project Areas, and sedimentation. The predicted beneficial effects
are more calm water for mooring a range of vessels.
4. Because of the relatively short time frame to prepare the resource consent application, parallel
hydrodynamic models were developed (by Tonkin & Taylor and Beca) and comparison of
results/interpretation were deliberated on by the modelling teams. Wave/wake modelling was undertaken
by Cardno who have previously conducted wave modelling within the lower Waitemata Harbour. Models
were verified by measured data, some of which was collected as part of this project. The interpretation of
the potential adverse effects relating to changes in tidal currents, flushing periods, and waves/wakes was
a joint assessment by Tonkin & Taylor and Beca.
5. Project objectives for moored boat tranquillity were established from internationally recognised
performance criteria and with reference to the host syndicate. Residual wakes are more critical than
residual wind waves in the moored areas, with the objective of wake heights being less than 0.1m.

Existing Environment
6. The affected CMAs (referred to as the Project Areas) are in the lower Waitemata Harbour.
7. The Project Areas are adjacent to the main tidal channel. Tidal velocities are less than 0.2 m/s and
sedimentation rates are typically around 35mm/year averaged over the whole Viaduct Harbour. Water
quality in terms of total suspended solids is generally good.
8. The natural, relatively high tidal range of 2.5m (median) results in good to fair flushing of Viaduct
Harbour and Westhaven Marina.
9. The Project Areas are subject to diffracted wind waves from West and East and direct wind waves to the
North. Vessel wakes are a regular feature and problematic (due to vessel excitation) for some moored
vessels within Outer Viaduct Harbour and Westhaven Marina.
10. Relevant coastal hazards include sea level rise, storm surge (extreme storm tides) and associated wave
overtopping, and tsunami.
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Proposed Works
Wynyard Basin
11. The approximate areas and dredging volumes for the Wynyard Basin facilities as shown in Civil
Drawings 2 to 10 are given below. No reclamation is proposed.
3,000m2 of temporary wharf structure.
25,000m2 of permanent wharf structure including wave panels.
2,000m2 of permanent piled, decked breakwater including wave panels.
800m2 of pile footprint at the seabed.
6,000m2 of floating pontoons.
75,000m3 of dredging. .
FFIRF
12. The approximate areas and dredging volumes for the FFIRF as shown in Civil Drawings 11 to 15 are
given below. No reclamation is proposed.
3,000m2 of permanent wharf structure.
100m2 of pile footprint at the seabed.
400m2 of ramps and floating pontoons.
20,000m3 of dredging.

Potential Environmental Effects
Wynyard Basin
13. The proposed layout will change tidal currents, basin flushing times, wave/wake reflection and
sedimentation.
14. The effects of the proposed development on tidal flows and currents are considered to be no more than
minor because of the localised extent and limited actual scale of these changes.
15. Basin flushing times are longer but tend to stay in similar good / fair categories as the existing flushing.
The exception is the Inner Viaduct Harbour. All the increases are predicted to remain within the “fair” or
“good” flushing band. Flushing is one of the inputs to the assessment of effects on water quality that is
addressed in America’s Cup 36: Assessment of Coastal Environmental Effects Associated with the
Development of AC36 Facilities (Golder Associates, 2018). The Golder report includes the description of
existing water quality, incorporating the results of recent sampling, a discussion of water quality
considerations and potential consequences, and conclusions regarding the effects of the proposed
development on water quality. The Golder report conclusions, which consider water quality in relation to
the discharge of stormwater, algal growth and overall ecology are summarised below:
Stormwater discharge and total suspended solids (TSS): TSS concentrations from the Halsey St
stormwater outfall should not result in prolonged water clarity changes within the Inner Viaduct
Harbour, however a very large rain storm event is likely to result in some clarity changes over a
period of 24 hours or more. At the Freemans Bay stormwater outfall beneath North Wharf the
stormwater is untreated and known to have poor clarity at times. Currently, following a period of
mixing, it is likely that some clarity changes will persist off North Wharf and alongside Wynyard Wharf.
Post-development, clarity changes will be expected in this area for a period of at least 24 hours.
Stormwater discharge and microbiological water quality: overall, no significant changes in
microbiological water quality are expected within the Inner Viaduct Harbour from discharges from the
Halsey St stormwater outfall. Discharge from the Freemans Bay stormwater outfall beneath North
Wharf currently results in poor microbiological water quality in the area of North Wharf and north
along Wynyard Wharf after rain events. Post construction, water quality in the Karanga Plaza steps
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area should be considered to be poor quality for 24-48 hours following a rain storm discharge from
the Freemans Bay stormwater outfall. There is on-going work by Auckland Council and Watercare to
address Freemans Bay stormwater outfall quality.
Algal growth: increase in biomass is not anticipated to be observable to the casual observer.
Overall ecology: the changes in water movement can potentially influence the composition of
biological communities on basin walls, piles and floating pontoons.
An Inner Viaduct Harbour Environmental Management Plan should be prepared and implemented,
covering water quality monitoring and management in the Inner Viaduct Harbour. Recommendations
on the plan are set out in the Golder report.
16. There will be an increase in reflection outside the project area, in Freemans Bay and the Maritime
Museum basin but the increase in wave height is typically less than 0.1m for the recommended (less
reflective) option. Any potential adverse effects relating to this small increase are expected to be difficult
to detect as the sea state is relatively energetic under present conditions.
17. Sedimentation will increase in the more tranquil basins/harbours, at a similar scale to existing
sedimentation rates. Potential adverse effects are therefore expected to be minor and to be managed
using existing maintenance dredging practices in a similar manner to present sedimentation.
18. Dredging will create sediment plumes which become more diffuse away from the dredger. Assessment
undertaken for this report and previous dredging have both shown effects from dredging plumes to be
less than minor with localised and temporary increases in suspended sediment estimated to be less than
1% of the total sediment flux per tide. The depth of material deposited at any single location from the
plume is expected to be undetectable.
19. Coastal hazards and climate change have been considered for the Wynyard Basin structures and
measures identified to address them.
FFIRF
20. The proposed layout will change tidal currents, basin flushing times, wave/wake reflection and
sedimentation.
21. Changes in tidal currents are relatively small and localised, and any adverse effects are therefore
expected to be minor. Penetration of the ebb tide current into the Westhaven waterspace provides
beneficial flushing effects.
22. Under neap tide conditions, which are less effective for flushing and therefore provide a more stringent
test, the proposed development has a negligible effect (0-2% change) or reduces e-folding times within
Westhaven Marina. During both neap and spring tides, e-folding times for most of the marina remain
within the “good” threshold. All results are within the “fair” 240 hour threshold. The Golder Associates
report, America’s Cup 36: Assessment of Coastal Environmental Effects Associated with the
Development of AC36 Facilities, includes a description of existing water quality, a discussion of water
quality considerations including flushing time and potential consequences, and conclusions regarding the
effects of the proposed development on water quality.
23. It is anticipated that there will be a temporary increase in wake heights outside of the site, generally of up
to 0.1m. This is limited to localised areas to the northeast and southwest of the facility.
24. Berthing areas at the FFIRF should have a similar or better wave sheltering performance compared to
the existing situation along the Halsey St Extension Wharf and at the ferry berth at Wynyard Wharf. It is
noted that for the selected site, the potential for improved wave/wake sheltering is limited because of
navigational constraints such as maintaining the vessel transit areas.

America's Cup 36 Coastal Processes and Dredging Technical Report

25. Sedimentation will increase in the FFIRF berths, of a similar order to existing adjacent sedimentation.
Given the limited extent of the site and the expected level of sedimentation, this is a less than minor
effect. It will be managed using existing maintenance dredging practices, in a similar manner to other
areas of Westhaven Marina.
26. Dredging will create sediment plumes which become more diffuse away from the dredger. Assessment
undertaken for this report and previous dredging have both shown effects from dredging plumes to be
less than minor with localised and temporary increases in suspended sediment estimated to be less than
1% of the total sediment flux per tide. The depth of material deposited at any single location from the
plume is expected to be undetectable.
27. Coastal hazards and climate change have been considered for the FFIRF and measures identified to
address them.

Overall Conclusions
For both the Wynyard Basin and FFIRF projects, the main beneficial effect is increased calm waterspace for
the berthing of vessels.
Wynyard Basin
28. In general, any adverse effects of the AC36 project on coastal processes will be localised and smallscale.
29. A range of mitigation measures, which could form the basis for conditions of consent, are recommended.

FFIRF
30. In general, any adverse effects of the AC36 project on coastal processes will be localised and smallscale.
31. A range of mitigation measures, which could form the basis for conditions of consent, are recommended.
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1. Introduction
1.1

Report Context

Panuku Development Auckland (Panuku), as lead delivery agency, has been tasked with providing
waterfront infrastructure to host the 36th America’s Cup (AC36) and associated regattas in Auckland in 20192021.
Beca Limited (Beca) has been commissioned by Panuku to undertake technical studies on the existing
physical environment and the effects of the proposed development for the resource consent application, as
well as concept engineering design for the AC36 infrastructure. To document this work, Beca has prepared a
suite of reports and a set of engineering drawings for the Resource Consent Application for Wynyard Basin
and the Ferry and Fishing Industry Relocation Facility (FFIRF).
America’s Cup 36 Base Infrastructure Technical Report.
America’s Cup 36 Geotechnical Technical Report.
America’s Cup 36 Groundwater Technical Report.
America’s Cup 36 Preliminary Site Investigation (Contamination) and Remediation Action Plan.
America’s Cup 36 Coastal Processes and Dredging Technical Report (this report).
America’s Cup 36 Stormwater and Services Technical Report.
America’s Cup 36 Traffic and Transport Technical Report.
America’s Cup 36 Fire and Evacuation Assessment.
America’s Cup 36 Marine Traffic Survey.
America’s Cup 36 Engineering Concept Drawings.
Because of the relatively short time frame to prepare the resource consent application, parallel hydrodynamic
models for the coastal processes assessment were developed (by Tonkin & Taylor and Beca) and
comparison of results/interpretation was deliberated on by the modelling teams. Wave/wake modelling was
undertaken by Cardno who have previous conducted wave modelling within the lower Waitemata Harbour.
Models were verified by measured data, some of which was collected as part of this project. The
interpretation of the potential adverse effects relating to changes in tidal currents, flushing periods, and
waves/wakes was a joint assessment by Tonkin & Taylor and Beca.
Reports by other specialists for the resource consent application cover:
Landscape, visual impact and natural character (Boffa Miskell).
Urban design (McIndoe Urban).
Ecology, sediment and water quality (Golder Associates).
Noise and vibration (Marshall Day Acoustics).
Navigation and recreational vessels (Navigatus).
Economics (Market Economics).
Risk (Sherpa Consulting).
Planning (Unio Environmental).

1.2

Purpose of Report

The purpose of this report is to describe the existing coastal processes (i.e. tidal conditions, wave climate
and sedimentation) at the relevant sites. It also describes the potential effects on these processes of the
proposed development, the implications of coastal hazards for the project, as well as the proposed dredging,
its effects and disposal options. This report will form part of the resource consent application for the
proposed AC36 development.
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1.3

Report Structure

This report is structured as follows:
Section 1: Introduction, including Panuku and Beca roles, reporting context and overview of the
proposal.
Section 2: Existing Environment, which gives an overview of the coastal processes.
Section 3: Modelling and Performance Criteria sets out the modelling studies undertaken for the
proposed development, and parameters adopted for the modelling.
Sections 4 and 5: Assessment of Environmental Effects describes the effects of the development on
coastal processes, and the implications of coastal hazards for the project for the Wynyard Basin and
FFIRF, respectively.
Section 6: Dredging describes the proposed dredging, its effects and the proposed approach to
disposal of dredged material.
Section7: Monitoring and Mitigation sets out the prosed measures to mitigate effects, and monitoring.
Section 8: Conclusions summarises the effects on coastal processes, mitigation and monitoring.
Appendix A: Sedimentation Analysis sets out the work undertaken to quantify existing sedimentation
rates at the proposed development sites.
Appendices B, C and D are the technical reports by Beca, Tonkin & Taylor and Cardno. They
describe the numerical modelling undertaken to quantify the effects of the proposal on coastal
processes.
Appendix E: Wave Tranquillity Performance Criteria contains the parameters adopted for wave and
wake conditions in the America’s Cup boat harbours, for use in the numerical modelling.
Appendix F: Wave Reflection and Transmission Coefficients sets out further parameters adopted in
the numerical modelling.
Appendix G: Sediment Plume and Fate Analysis includes a calculation sheet for the dredging plume
fate.
This report covers both the proposed development at Wynyard Basin and the FFIRF. For clarity when
describing the Wynyard Basin the heading is emphasized in bold underline while the FFIRF heading is
emphasized in bold italics. If headings are not either bold underline or italics, the text will be more general
and could apply to both developments.

1.4

Proposed Development

This report and assessment is submitted in support of the following resource consent applications to
Auckland Council for:
The syndicate base infrastructure and event infrastructure for the AC36, by Panuku.
The relocation of the Ferry and Fishing Industry to a new facility within the Wynyard Quarter, by
Panuku.
Existing wharves and marinas are shown in Figure 1 and on Civil Drawing 1.
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Westhaven Marina

Wynyard Point

Freemans Bay
N

Silo Marina

Outer Viaduct Harbour
Inner Viaduct
Harbour

Figure 1: Aerial photo showing the Wynyard Quarter and existing wharves
(The Inner and Outer Viaduct Harbour areas are collectively referred to as Viaduct Harbour.)

1.4.1

AC36 Base Infrastructure and Event Infrastructure (Wynyard Basin)

In 2017, Emirates Team New Zealand (ETNZ) defeated Oracle Team USA 7 – 1 in the 35th America’s Cup
regatta in Bermuda. AC36 is scheduled to be held in Auckland in 2021. It is proposed to establish the
America’s Cup bases in and around Wynyard Basin, which is located along part of Auckland’s City Centre
waterfront. This includes Hobson Wharf, the Halsey Street Extension Wharf and Wynyard Wharf, including
the surrounding waterspace.
ETNZ have indicated that up to eight syndicates will compete for the America’s Cup in Auckland. Five of the
bases will be double bases (two boats) and three of the bases will be single bases (one boat). The bases
consist of a 15m high building over approximately half of the base area and an area of hardstand over the
other half. The dimensions of the bases vary in size, with the single bases being generally 85m x 35m and
the double bases being a variety of sizes. The base sizes and locations are identified on the plans attached
to the resource consent application.
In order to facilitate five of the bases, an extension to Hobson Wharf and the Halsey Street Extension
Wharf/Western Viaduct Wharf will be required. Part of the waterspace between Wynyard Wharf and
Brigham Street will also be covered by a wharf extension (part temporary and part permanent) in order to
facilitate the other three bases. All of the base buildings will be temporary with the exception of the Base 1,
which is proposed to be located on the Hobson Wharf extension. Permanent wharf areas ‘post event’ are
anticipated to provide for a range of marine and public uses. Refer to Figure 2 and Civil Drawing 2.
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Figure 2: Aerial photo overlaid with the proposed infrastructure

The resource consent for the syndicate base infrastructure and event infrastructure applications will seek
approval for activities and development associated with enabling the AC36 Base Infrastructure.
The ‘event’ period associated with AC36 will take place over a 6-month period commencing December 2020
culminating in May 2021. This event period will include a challenger series (such as the Prada Cup) and
supporting and complimentary regatta with the AC36 races held in March 2021. During the event additional
signage, lighting, live music and supporting structures will be located within the Viaduct and Wynyard area.
Resource consent is sought for the event envelope and effects including traffic, lighting, noise, additional
structures and the management of public spaces within the Wynyard and Viaduct areas in the immediate
vicinity of the AC36 bases are addressed in the relevant sections of the application material.
In addition to the planning Assessment of Environmental Effects, multiple technical reports have been
prepared in order to outline and assess the matters relevant to this application, this report should be read
alongside the other complimentary assessments provided as part of the application material.
The above activities will occur within the Wynyard Quarter Precinct, the Viaduct Harbour Precinct and the
City Centre/General Coastal Marine Zones. The proposal will also require various consents under the
overlays and Auckland-wide provisions of the Auckland Unitary Plan and these are outlined in detail in the
planning Assessment of Environmental Effects.
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1.4.2

Ferry and Fishing Industry Relocation Facility (FFIRF)

The Auckland Fishing Fleet and Sanford’s (collectively termed the Fishing Industry) and Sealink currently
operate from existing facilities located on Wynyard Wharf, Halsey Street Extension wharf and Western
Viaduct Wharf. A new facility for the Fishing Industry and Sealink is proposed to be established on the
western side of Wynyard Point. See Figure 2 and Civil Drawing 2.
The new facility will involve the construction of a purpose-built facility on land at 108 Hamer Street (referred
to as the Hamer Street Yard) and within the coastal marine area. Resource consent is sought for the
infrastructure and enabling works.
The FFIRF will provide for fishing vessel berthage and ‘alongside’ access to enable loading and unloading of
vessels. The landward facilities will include associated parking and servicing areas to support this maritime
use. The Sealink Facility provides for berthage and loading and unloading facilities for three vessels,
associated maritime passenger facility and vehicle queuing, and manoeuvring areas. Access to FFIRF will
be provided from Hamer Street. The existing Firth concrete batching plant in Hamer St is an independent
activity, not included in the consent application for the AC36 project.
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2. Existing Environment
2.1

Setting

Waitemata Harbour is a large drowned valley with numerous arms and extends some 25 kilometres inland
from the harbour entrance at North Head. The high tide area of the harbour is some 180km2 and the volume
is approximately 460 million m3. Hydraulic conditions are governed by the well-defined tidal channel, from
north of Rangitoto Island through to Herald Island in the Upper Harbour. The channel is fixed by firm features
like Takapuna Head and Stanley Point to the north, Rangitoto to the east and Takaparawha Point and the
Port of Auckland to the south. The harbour catchment, or area of land draining into the harbour, is
approximately 440km2.
The site is located in the lower Waitemata Harbour, on the downtown Auckland waterfront. The main harbour
channel lies approximately mid-way between the downtown waterfront and the North Shore. The narrowest
section of the lower Waitemata Harbour, at 930m, is at the Auckland Harbour Bridge. This compares with the
1600m open water distance between Wynyard Point and Bayswater, and the 1530m open water distance
between Hobson Wharf and Stanley Point.
The present day downtown Auckland waterfront has been formed by shoreline reclamation and development
of roading and marine infrastructure over the past 150 years. This includes the Auckland Harbour Bridge
reclamation, Westhaven Marina, Wynyard Quarter reclamation and wharves, Viaduct Harbour reclamation
and wharves, Outer Viaduct Harbour, the Council-owned finger wharves and the Ports of Auckland wharves
and terminals.
The project sites lie within Freemans Bay and west of Wynyard Point. Seabed levels at the sites vary from 2.5m below Chart Datum (CD) at a shoal north of Halsey St Extension Wharf to -9m CD mid-way along
Wynyard Wharf; and from -2.5m CD to -5m CD to the west of Wynyard Point.

2.2

Tides

The Waitemata Harbour experiences semi-diurnal tides (high tides every 12.4 hours). The tidal prism, or
volume of seawater exchanged in every tide, is about 160 million m3 (Beca, 1996). This is about 35% of the
harbour volume. Table 1 gives the astronomical tide levels for the lower Waitemata Harbour (Port of
Auckland) due to the gravitational effects of the moon and sun.
Table 1: Tide levels for the lower Waitemata Harbour (LINZ, 2017)
Tide Condition

Level (m CD)

Highest Astronomical Tide (HAT)

3.70m CD

Mean High Water Springs (MHWS)

3.39m CD

Mean High Water Neaps (MHWN)

2.86m CD

Mean Sea Level (MSL)

1.90m CD

Mean Low Water Neaps (MLWN)

0.95m CD

Mean Low Water Springs (MLWS)

0.41m CD

Lowest Astronomical Tide (LAT)

0.05m CD

Spring tide range

2.98m

Neap tide range

1.91m
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Tide levels are measured in relation to Chart Datum (CD), which is 1.743m below Auckland Vertical Datum
1946 (AVD-1946), and standard barometric pressure of 1013 hectopascals. Chart Datum is the datum
adopted for marine-based projects and is at or close to the lowest astronomical tide.
Extreme storm tides (storm surge) are covered in Section 2.8.1.

2.3

Wind

Wind generates local currents and waves. The prevailing surface wind direction is predominantly from the
south-west (25%), west (15%) and from the north to north-east (15%). Auckland wind roses for Whenuapai
(long term record, 14km from site) and Mechanics Bay (historic shorter term wind record, 2km from the site),
are illustrated in Figures 3a and 3b. The Whenuapai rose shows 10 minute mean wind speeds, measured
hourly. The Mechanics Bay rose is based on daily observations. Wind speeds are typically less than 8 m/s
(approximately 30 km/hr).

Figure 3a: Wind rose for data recorded at Whenuapai (1960-2008) (Source; NIWA, 2012)
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Windspeed m/s

Figure 3b: Wind rose for data recorded at Mechanics Bay (1955 to 1962) (Source: NIWA CliFlo)

Sustained extreme wind speeds for the predominant directions are given in Table 2, based on a review of
wind data from the Whenuapai gauge (1960-2008) and the Weather Research and Forecasting (WRF)
model data. These wind speeds include an allowance of 10% (compared to the existing environment) for
climate change.
Table 2: Predicted extreme wind speeds
Average Recurrence
Interval (years)

2.4

Wind speed by direction (m/s)

1

West
18

North
16

East
16

10

23

20

22

50

25

23

23

100

27

24

25

Currents, Tidal Streams and Flushing

Tidal flows generate currents in the lower Waitemata Harbour. It is estimated that the average tidal flow in
the main harbour channel is 7,200m3/s.
Recorded current data for the Waitemata Harbour is limited and has been predominantly collected by the
Ports of Auckland Limited (POAL) for navigation. The following datasets have been utilised for this study
(refer to Appendix B):
Boat mounted Acoustic Doppler Current Profiler (ADCP) measurements at hourly intervals over mean
spring (3.0 m range) and neap (1.5 m range) tides. The survey tracks covered the harbour from
Westhaven Marina to North Head at the harbour entrance (Vennell 2015-2017).
ADCP measurements covering a 1 week duration from 23/11/2017 to 01/12/2017 at the Viaduct
Harbour Bridge and the Inner Harbour.
Drogue measurements at the Westhaven Marina entrances during mid flood and ebb tides during
springs and neaps. Measurements were completed on 06/01/2006 (Spring) and 10/01/2006 (Neap).
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The current measurements show that within the main harbour currents are semi diurnal with higher ebb
currents (up to 0.95m/s) compared to flood (up to 0.9m/s). Within the water spaces bounded by the
wharves, reclamations and breakwaters currents patterns are more confused due to the generation of eddies
in the lee of the structures which tend to move as the current varies in the main channel. Generally within
these protected areas currents tend to have a single peak velocity and the semi diurnal pattern is less
pronounced compared to the main channel velocities.
Wind generated currents are also a frequent feature within the Harbour, with currents reaching about 2% of
the wind speed. In general, for wind speeds less than 7 m/s, wind generated currents (typically up to 0.14
m/s) predominate whereas for wind speeds greater than 7 m/s, wave conditions predominate (refer to
Section 2.6).
2.4.1

Wynyard Basin

A characteristic of Freemans Bay is an eddy driven by the tidal flow in the main harbour channel. The eddy
develops over the last 2 hours of the flood flows and first 3 hours of the ebb flow and generally extends over
the basin. The circulation is clockwise during ebb and anti-clockwise during flood tides. The ebb eddy is
stronger, with peak velocities of approximately 0.1 m/s compared to 0.02 m/s during the flood eddy. A plot of
current velocities in Freemans Bay, illustrating this eddy feature, is shown in Figure 4. These eddies provide
a tidal flushing volume into and out of the water body that is greater than that associated with the filling and
emptying of the tidal prism.

Figure 4a: Plot of typical ebb tide vectors in Freemans Bay
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Eddies from Freemans Bay penetrate only slightly into Viaduct Harbour. For the Outer Viaduct Harbour the
current pattern can be variable due to flows under Hobson Wharf, via the main entrance and leaving under
Halsey Wharf. On average current velocities were measured to be less than 0.09 m/s. Within the Inner
Viaduct Harbour the measurements suggested minor to no tidal response with peak current velocities of
approximately 0.02 m/s.
Flushing can be assessed using the e-folding method. e is the Eulerian number, approximated by 2.71828.
The flushing time calculated using this approach is the time required for an e-fold renewal of water, which is
the time taken for a body of water to reach a dilution level of 1/e or 37%. For a point in the centre of the Inner
Viaduct Harbour, the e-fold flushing time is 32-50 hours (spring tide conditions) to 46-64 hours (neap tide
conditions) (Appendices B and C). E- folding times less than 96 hours are considered “good” flushing,
between 96 – 240 hours indicates “fair” flushing and greater than 240 hours indicates “poor” flushing (EPA,
1985; PIANC 2008). Further information on the e-folding method and its application, including a detailed
table of existing e-folding times, is given in Section 4.1 and in Appendices B and C.
2.4.2

FFIRF

Tidal current data at the FFIRF site and within Westhaven Marina are sparse and limited to a series of mid
tide drogue measurements. Inferred current speeds (peak) at the FFIRF site range up to 0.5m/s on the ebb
tide, and up to 0.3m/s on the flood tide. Plots of typical flood and ebb tide velocities are shown in Figures 4b
and 4c, demonstrating the complex flow patterns that form in the marina.
The average e-folding time for a point in the centre of Westhaven Marina is 41 hours (spring tide conditions)
to 54 hours (neap tide conditions), which accords with ”good” flushing (Appendix B).

Figure 4b: Plot of typical flood tide vectors for Westhaven Marina
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Figure 4c: Plot of typical ebb tide vectors for Westhaven Marina

2.5

Waves

The Freemans Bay and west of Wynyard Point FFIRF sites are sheltered from ocean swell waves but will
experience wind waves generated by westerly / northerly / easterly winds across the Waitemata Harbour.
The sites are sheltered from the prevailing southwesterly winds. The fetches measured from the main
channel north of Halsey St Extension Wharf are approximately 8km (west), 4.5km (north, though much of this
is over relatively shallow water) and 12km (east).
Table 3 summarises extreme wave conditions within the lower Waitemata Harbour, in the main harbour
channel adjacent to the Wynyard Basin site and west of Wynyard Point. The wave conditions have been
determined from hindcasting using the local wind data in Table 3, the above fetches, and sea level at
MHWS. It is based on Young (1997) for the shallow northerly fetch and the CEM (2008) for the deeper water
fetches to the west and east.
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Table 3: Hindcast extreme wave conditions, Lower Waitemata Harbour
Average
Recurrence
Interval
(years)

2.5.1

Wave parameter by direction
Hs (m)

West
Hmax
(m)

Tp (s)

Hs (m)

North
Hmax
(m)

Tp (s)

Hs (m)

East
Hmax
(m)

Tp (s)

1

0.9m

1.5m

2.8s

0.6m

0.9m

2.8s

0.9m

1.6m

3.1s

10

1.2m

2.0m

3.1s

0.7m

1.1m

3.0s

1.4m

2.3m

3.5s

50

1.3m

2.2m

3.2s

0.8m

1.2m

3.2s

1.5m

2.5m

3.6s

100

1.4m

2.4m

3.3s

0.9m

1.3m

3.3s

1.6m

2.6m

3.7s

Wynyard Basin

A northerly wind wave equivalent to the 1 year Average Recurrence Interval (ARI) condition, with a
significant wave height of 0.6m and a peak period (Tp) of 3s was modelled by Cardno (refer to Appendix D).
Figure 5 shows the resulting wave heights within the Freemans Bay area.

Figure 5: Existing situation with 1 year ARI wind-generated wave from the north (Source: Cardno, 2018)

These results show that for this northerly wind wave, wave heights within Freemans Bay are in the order of
0.5 to 0.6m. There are lower waves (<0.4m) within Wynyard Wharf South waterspace due to the sheltering
effects of Wynyard Wharf. Between Viaduct Harbour and Princes Wharf the wave heights are approximately
0.6m and within the Outer Viaduct Harbour wave heights are between 0.1 and 0.4m and are less than 0.1m
within the Inner Viaduct Harbour.
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2.5.2

FFIRF

For the FFIRF site, Cardno has modelled a northerly wind wave equivalent to the 0.6m wave height, 3s peak
period, 1 year ARI wave. The model results, shown in Appendix D, indicate significant wave heights of 0.5m
at the outer end of the site. The Westhaven breakwater provides a degree of shelter against westerly wind
waves.

2.6

Wakes

The project sites are affected by vessel wakes. These include wakes generated by the commercial ferries in
the ferry basin to the east and travelling through the lower Waitemata Harbour. In addition, charter boats and
recreational craft travelling to and from the Inner Viaduct Harbour produce wake that affects the Outer
Viaduct Harbour. Similarly, the wide range of commercial and recreational vessels using the Westhaven
Marina entrance and lower harbour produce wake to the west of Wynyard Point (refer to Figure 6).

Figure 6: Vessel wakes, FFIRF site west of Wynyard Point, January 2017

Vessel wakes are problematic for marinas and boat harbours as the longer period wakes tend to be similar to
the natural period of moored craft. This causes excitation of vessel movements (e.g. roll, pitch, etc.), which is
uncomfortable for passengers on board and may develop high stresses in the mooring lines and/or have
potential for vessel damage.
2.6.1

Wynyard Basin

Measurements of wave height were carried out for one week in November 2017 at six locations within
Freemans Bay. Four gauges were placed within Freemans Bay, one was situated adjacent to the Maritime
Museum on the western side of Hobson Wharf and one gauge was situated within Viaduct Harbour (refer to
Figure 7).
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Figure 7: Location of the wave gauges within Freemans Bay

Field studies (Beca, 2003; Mulgor, 2017) have identified vessel wakes outside and inside Viaduct Harbour.
Recorded vessel wake (Hs) characteristics are summarised in Appendix D. It has been assessed that a
design characteristic wake (for modelling) has a significant wake height of 0.45m and period of 5s.
Mulgor (2017) concluded that for the majority of time the wakes within Freemans Bay are small, with waves
exceeding 0.1m in height for just 1% of the time. Wake heights between Viaduct Harbour and Princes Wharf
(Probe 5) ranged from 0.05 m to 0.18 m and within Viaduct Harbour (Probe 6) ranged from 0.05 m to 0.19 m.
Wakes from multiple of directions were identified with a relatively energetic sea state, although when
direction could be identified wakes generally originated from 30 to 75 degrees. Table 4 summarises the
recorded maximum wave height for each observable wake event over the 1 week period. Colour shading
has been applied to identify when vessel tranquillity guidelines of 0.1 m have been exceeded at Probe 6,
representing the existing marina basin. All wake heights of less than 0.1 are shaded green; shadings of
yellow have been used where wave heights are between 0.1 and 0.15 m; and brown where wave heights at
Probe 6 are between 0.15 and 0.2 m. The largest recorded wave height within Freemans Bay are also
identified in red.
These results show that the tranquillity criterion within Viaduct Harbour is generally exceeded when the
maximum wake height is the highest, but generally occur when wake heights in Freemans Bay are between
0.4 and 0.5 m although no clear trend on wave steepness was observed.
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Table 4: Maximum wave height recorded at Probes within Freemans Bay and the existing facilities
Probe Number
Event

Date

Time

Direction

1

2

3

4

5

6

1

17-Nov

18:14:34

NaN

0.31

0.39

0.28

0.20

0.31

0.18

2

17-Nov

19:32:06

NaN

0.13

0.53

0.40

0.17

0.06

0.07

3

17-Nov

21:02:34

106

0.34

0.40

0.34

0.12

0.12

0.16

4

18-Nov

6:30:01

72

0.31

0.37

0.43

0.18

0.03

0.05

5

18-Nov

16:25:00

72

0.37

0.43

0.50

0.16

0.19

0.12

6

18-Nov

17:44:50

55

0.36

0.38

0.22

0.11

0.09

0.11

7

19-Nov

15:09:58

52

0.36

0.39

0.51

0.27

0.14

0.09

8

19-Nov

17:48:50

NaN

0.20

0.35

0.33

0.11

0.16

0.08

9

20-Nov

6:48:32

73

0.26

0.37

0.25

0.12

0.11

0.10

10

20-Nov

9:26:42

NaN

0.22

0.43

0.39

0.17

0.14

0.06

11

20-Nov

11:08:54

NaN

0.26

0.45

0.38

0.13

0.10

0.17

12

20-Nov

16:20:20

38

0.32

0.50

0.36

0.15

0.05

0.06

13

20-Nov

17:34:46

80

0.31

0.35

0.46

0.18

0.18

0.11

14

20-Nov

21:03:11

58

0.34

0.53

0.29

0.12

0.06

0.05

15

21-Nov

7:55:05

66

0.26

0.35

0.36

0.27

0.18

0.07

16

21-Nov

8:27:08

NaN

0.30

0.34

0.30

0.12

0.11

0.14

17

21-Nov

8:52:45

61

0.23

0.50

0.38

0.14

0.15

0.08

18

21-Nov

10:17:23

NaN

0.22

0.37

0.23

0.15

0.14

0.07

19

21-Nov

13:04:58

46

0.48

0.35

0.28

0.17

0.10

0.06

20

21-Nov

15:26:18

NaN

0.26

0.35

0.35

0.28

0.14

0.07

21

21-Nov

16:35:13

NaN

0.26

0.37

0.47

0.32

0.21

0.14

22

21-Nov

18:12:58

35

0.38

0.39

0.38

0.19

0.10

0.10

23

22-Nov

8:25:41

42

0.38

0.36

0.44

0.24

0.14

0.17

24

22-Nov

14:19:38

NaN

0.25

0.52

0.55

0.20

0.09

0.06

25

22-Nov

16:04:51

68

0.48

0.47

0.38

0.27

0.15

0.09

26

22-Nov

16:32:43

NaN

0.50

0.38

0.37

0.21

0.14

0.09

27

22-Nov

16:45:35

64

0.47

0.40

0.36

0.23

0.19

0.18

28

22-Nov

17:02:32

60

0.39

0.39

0.38

0.25

0.16

0.13

29

22-Nov

18:11:48

NaN

0.28

0.46

0.29

0.16

0.11

0.07

30

23-Nov

7:42:24

NaN

0.28

0.37

0.26

0.24

0.12

0.09

31

23-Nov

8:25:34

NaN

0.28

0.41

0.35

0.24

0.20

0.13

32

23-Nov

10:56:43

NaN

0.23

0.48

0.35

0.19

0.17

0.07

33

25-Nov

9:48:36

NaN

0.10

0.52

0.35

0.09

0.07

-
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Steady state wake modelling was carried out by Cardno (Appendix D). Based on the analysis of the
measured wake heights, a design wake with a wave height of 0.45 m and a period of 5 s was run for 30
minutes originating from 30, 45, 60 and 75 degrees. Results for analysis were taken from the last 20 minutes
of this run time.
This provides a conservative basis for assessing wakes as it simulates a continuous passage of some 240
waves at an upper bound recorded wake height from the range of likely directions a wake may propagate.
This compares with an individual ferry wake as measured at the site (refer to Figure 8) where the maximum
wave height for a particular wake train is more than double the average wake height and a typical wake train
lasts around 8 waves or around 30 to 40 seconds. Results of the continuous wake progression (i.e. some
240 waves) for a wake direction of 60 degrees is shown in Figure 9a.

Figure 8: Recorded wave heights at probes within Freemans Bay showing typical wake train and relationship between
maximum wake height and typical wake (Source: Mulgor, 2017)
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Figure 9a: Steady state maximum wake height for 0.45 m wake from 60 degrees (Source: Cardno, 2018)

The wake height can be seen to propagate through Princes and Hobson Wharves into Outer Viaduct
Harbour and wave reflection effects can be seen off the various existing wharf structures. Comparing the
modelled wave height with the recorded wake data (refer Table 5) for the measured wake direction shows
the modelling approach tends to over-estimate the maximum wake height, with the model showing waves
more than 25% higher than the maximum recorded wake height in Freemans Bay (Probes 1 to 3) and up to
three times higher within Outer Viaduct Harbour and along the western edge of Hobson Wharf adjacent to
the Maritime Museum.
Table 5: Comparison of modelled and measured maximum wake heights

Point

Modelled data (Cardno, 2018)
Max Wave Height, H (m)

Recorded data (Mulgor, 2017)
H max (m)
Dir of H
max
(degree)

Ratio between
modelled and
measured
maximum wave
height

30º

45º

60º

75º

Probe #1

0.72

0.63

0.63

0.51

0.48

46

0.8

Probe #2

0.73

0.61

0.62

0.40

0.53

58

0.8

Probe #3

0.75

0.68

0.59

0.60

0.51

52

0.8

Probe #4

0.82

0.62

0.56

0.55

0.27

66

0.5

Probe #5

0.65

0.69

0.79

0.33

0.19

64

0.3

Probe #6

0.52

0.55

0.68

0.24

0.18

64

0.3
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These results indicate the combination of a maximum wake height (with spectrum) and the duration of wake
progression used in the model results in an over-estimate wave height for the existing situation particularly
closer to reflective structures. Comparing measured with modelled data suggests that model wave heights
could be reduced by 25% within the open coast and by at least 50% within the sheltered marina basin.
2.6.2

FFIRF

Steady state wake modelling for a design wake height of 0.45 m and a period of 5 s was also carried out by
Cardno for the FFIRF site (Appendix D). The design wake height as used for the Wynyard Basin modelling
was run originating from directions 300 degrees to 45 degrees, in 15 degree increments. These directions
correspond to the site’s exposure to wakes from ferries travelling in the Waitemata Harbour.
The 0.45m wave height is based on ferry wakes in Wynyard Basin, which is exposed to wakes from the
larger and more frequent ferries sailing on the central and eastern ferry routes. Ferries in the western
harbour routes are typically up to 22m length overall; ferries on the central and eastern routes as recorded in
Wynyard Basin A are typically up to 35m length over all. A review of 2018 ferry timetables indicates that
ferry traffic west of Wynyard Point, past the FFIRF, is approximately 25% of ferry traffic on the central and
eastern routes. The 0.45m wave height / 5s wave period adopted for the FFIRF modelling is therefore likely
to be a conservative value as the generating vessels are smaller and the likelihood of combined wakes from
multiple vessels is reduced. Further, as noted above and in Cardno’s report, the steady state modelling
simulates a continuous passage of waves over 20 minutes (i.e. some 240 waves), rather than the limited
number of waves recorded for vessel wakes (i.e. some 8 waves).
The modelled results indicate maximum wave heights at the FFIRF site occur with wake from the 30 degree
direction (refer to Appendix D). It appears that a maximum wave height of about 0.5m resulting from typical
ferry wake applies at the site.

2.7

Sediment Processes and Sedimentation

Sediment sampling found seabed sediments in the city waterfront basins typically comprises around 60% to
85% silt and clay size particles, with the remainder being sand and gravel (Golder 2007; Golder, 2011;
Golder Associates, 2018). These recent marine sediments, often referred to as marine muds, are up to
approximately 10m deep, overlying Waitemata Group siltstones and mudstones.
An assessment of twenty years of suspended sediment concentration measurements from the lower
Waitemata Harbour has been undertaken for this project. The assessment indicates a mean suspended
sediment concentration of around 10 g/m3.
Sedimentation in the Waitemata Harbour and particularly the city waterfront basins, is largely driven by:
Fine sediments carried in local stormwater from the city, which flocculate on contact with seawater and
settle out of suspension in quiescent areas.
Fine sediments derived from the wider Waitemata Harbour catchment and unarmoured coastal
margins (i.e. not the immediate vicinity of the site), and from reworking of existing intertidal sediments
with the harbour. The typical sediment yield is about 100 tonnes/km2/year or 40,000 - 50,000
tonnes/year. While much of this sediment is trapped in the upper Waitemata Harbour, a proportion is
transported by tidal flows through the harbour and settles in the deeper, quiescent waterfront basins
and beneath the wharves where flow velocities are lower.
With reference to the first point, stormwater outfalls relevant to the proposed development (refer to Services
Drawings 5 and 6) include:
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A single outfall into the Inner Viaduct Harbour, which carries flows from the local mid-Halsey St
catchment. This catchment has rain gardens for stormwater treatment, which remove sediment.
There is no indication on the recent hydrographic survey of sedimentation that could particularly be
attributed to the outfall.
The 2.7m diameter stormwater outfall from the Freemans Bay catchment. It discharges beneath North
Wharf at the south western corner of Wynyard Wharf. The stormwater is not treated and localised
sedimentation is evident immediately adjacent to the outlet, caused in part by the flocculation and
settlement mechanism described above. This could be considered a beneficial situation in terms of
wider harbour water quality. Sediments and any associated contaminants are removed from the
stormwater and contained within a limited area, from where they can be dredged and disposed of to
an appropriate location.
Approximately seven local outfalls are located along Brigham St, carrying the flows from the
immediate road area. These would be unlikely to be a measurable cause of sedimentation given the
small paved (i.e. low sediment-generating) catchment that they serve.
For the average tidal flow of 7,200 m³/s, and a mean sediment concentration of 10 g/m3, the sediment flux is
about 1,600 tonnes per tide. On an annual basis, the tidal movement of sediment near the port basins is
considerably higher than the land based sources, all of which indicates that the reworked coastal margins
are an important source of sediment redistribution.
Vessel movements around low tide disturb seabed sediments at the sites. The remobilised sediment is
dispersed through the water column and ultimately resettles in natural depositional areas such as the
waterfront basins. Apart from this, there is little transport of bed material because of the cohesive nature of
the marine muds, and the project sites are relatively sheltered with water depths exceeding -2.5mCD, and do
not experience significant currents due to tidal conditions or wave action.
Historical reviews and a recent assessment of sedimentation rates (refer to Appendix A) have identified the
sedimentation rates summarised in Tables 6a and b.
Table 6a: Summary of sedimentation rates for Wynyard Basin
Location
Viaduct Harbour

Assessed Sedimentation Rates per
Annum (post-2000)

Assessed Sedimentation Rates per Annum
(pre 2000)

Typically up to 18 - 36mm (Inner
Viaduct Harbour)

5 - 37mm (Inner Viaduct Harbour, 1996
assessment)
16 – 27mm (Inner Viaduct Harbour,
1992 assessment)

Typically up to 36 - 55mm (Outer
Viaduct Harbour)
Freemans Bay

17 – 33mm (east and north east of
historical shoal)
Up to 130mm (centre and
southwest of Wynyard Wharf South
waterspace)

75-125mm (Wynyard, Hobson and
Princes Wharves, 1992 assessment)

0 - 50mm (Halsey St Extension
Wharf and North Wharf)
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In general terms, the sedimentation rates observed across the locations post-2000 are low compared with
other city waterfront sites (e.g. historical rates of sedimentation have ranged up to 200 mm per annum, with
an average value of 100 mm (Kingett Mitchell & Associates, 1989)). The exception is the centre and
southwest of the existing Wynyard Wharf South waterspace, where the data shows higher sedimentation
rates.
This location is the former berth pocket and berth approach and the sedimentation rate is, as would be
expected, more typical of the shipping berths along the city waterfront, which tend to experience higher
sedimentation rates due to their proximity to the main harbour channel and lower flow velocities associated
with the greater water depths at the berth pockets. (As with the sedimentation at the large stormwater
outfalls, this is generally considered beneficial in terms of wider harbour water quality. The berth pockets
provide passive stormwater treatment with settlement of sediments and any associated contaminants within
a limited area, from where they can be dredged and disposed of to an appropriate location.)
As Table 6a also shows, the post-2000 sedimentation rates are consistent with rates from pre-2000
assessments. This provides a useful indication of the marginal effect of the Outer Viaduct Harbour
development in 1998-2000 on sedimentation rates in the Inner Viaduct Harbour and Wynyard Wharf South
waterspace i.e. the sedimentation rates in the Inner Viaduct Harbour and the Wynyard Wharf South
waterspace show no measurable difference resulting from the Outer Viaduct Harbour development.
Table 6b: Summary of sedimentation rates for FFIRF
Location

Assessed Sedimentation Rates per Annum (post-2000)

FFIRF

0 - 16mm FFIRF Site.
20 – 30mm Westhaven Channel

The sedimentation rate assessed for the FFIRF site from bathymetric information is low compared with other
city waterfront sites.

2.8

Coastal Hazards and Climate Change

2.8.1

Sea Level Rise

In accordance with the NZ Coastal Policy Statement (Policy 24 and 25), sea level rise (SLR) should be
considered over a 100 year planning period.
The Ministry for Environment’s (MfE) recently-released national guidance (MfE, 2017) recommends use of
four SLR scenarios corresponding to different Representative Concentration Pathways (RCPs, essentially
these are emissions scenarios). Table 7 lists the SLR allowances for these scenarios for short to long term
periods.
Table 7: Guidance for sea level rise allowances (MfE, 2017)
Period
Medium term to 2050
(consistent with 35 year
consent duration)
Long term to 2120s

NZ RCP2.6 M SLR

NZ RCP4.5 M SLR

NZ RCP8.5 M SLR

NZ RCP8.5 H* SLR

0.23m

0.24m

0.28m

0.37m

0.55m

0.67m

1.06m

1.36m
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The three higher scenarios are taken forward for the AC36 project, consistent with the MfE 2017 guidance
for redevelopment, and recognising that the lower scenario will be challenging to achieve globally because of
the change in emissions required.
The above guidance compares well with the Auckland Unitary Plan: Operative in Part (AUP:OP) policy,
which requires consideration of a SLR allowance of 1.0m over 100 years as the base case.
2.8.2

Storm Surge (Extreme Storm Tides) and Wave Overtopping

Meteorological conditions such as low barometric pressure and on-shore winds combine with astronomical
tides to produce short term increases in sea level known as storm tides. Table 8 lists storm tide levels for a
range of annual exceedance probabilities (AEP) and ARI and storm tide levels with the 2120 sea level rise
allowances added for the 3 higher RCP scenarios.
Table 8: Storm tide levels for the lower Waitemata Harbour (NIWA for Auckland Council, 2016)
Average
Recurrence
Interval (years)

Annual
Exceedance
Probability

Present Day
Level (m CD)

2120 Level with
NZ RCP4.5M
SLR (m CD)

2120 Level with
NZ RCP8.5M
SLR (m CD)

2120 Level with
NZ RCP8.5H*
SLR (m CD)

2

39%

3.78

4.45

4.84

5.14

5

18%

3.86

4.53

4.92

5.22

10

10%

3.92

4.59

4.98

5.28

20

5%

3.97

4.64

5.03

5.33

50

2%

4.05

4.72

5.11

5.41

100

1%

4.1

4.77

5.16

5.46

200

0.5%

4.15

4.82

5.21

5.51

For comparison with the above, the deck levels of the existing Halsey St Extension, Hobson and Wynyard
Wharves are at approximately 5 to 5.5m CD.
Storm tides seldom occur with calm seas, however. Wave action combined with a storm tide event can lead
to wave overtopping of structures. Wave overtopping for an indicative average wharf level (5.3mCD) has
been assessed for a range of events, for example a northerly 50 year ARI wave (Hs = 0.8m, Tp = 3.2s),
Mean High Water Springs, a 50 year ARI storm tide and 0.28m future sea level rise to the 2050. The
combined probability of all these wave and tide combinations is less frequent than a 50 year ARI.
Overtopping volumes are shown in Table 9. These indicate that overtopping will be generally acceptable up
to the 2050s for the existing wharves. Provision might need to be made for building protection from low levels
of overtopping flows towards the end of this period, and wharf deck raising beyond 2050 might need to be
considered.
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Table 9: Overtopping volumes for proposed 5.3m CD wharf level
Condition

Still Water
Level (mCD)

Overtopping
Mean Discharge
(l/s/m)

Comment

Mean High Water
Springs plus
northerly 50 year ARI
wave

3.39

0.15
(For all
astronomical tides
<1)

Mean High Water
Springs plus
northerly 50 year ARI
wave
0.28m sea level rise
to 2050

3.67

0.42

Overtopping discharge < Eurotop guideline of 1 l/s/m
for protection of buildings
Overtopping discharge < Eurotop guideline of 1020l/s/m with clear view of sea and H m0 = 1m for
protection of people
Overtopping discharge < Eurotop guideline of 75l/s/m
with H m0 = 1m for protection of vehicles

50 year ARI storm
tide plus
northerly 1 year ARI
wave

4.05

1.45

50 year ARI storm
tide plus
northerly 1 year ARI
wave
0.28m sea level rise
to 2050

4.33

4.1

Overtopping discharge just exceeds Eurotop guideline
of 1 l/s/m for protection of buildings however this is a
low frequency extreme event
Otherwise as above

Other climatic conditions such as the El Nino / La Nina Southern Oscillation, referred to as ENSO, and the
Interdecadal Pacific Oscillation (IPO) cause medium term changes in sea level of some 0.1-0.3m. These
effects are not included in the storm tide levels above.
2.8.3

Erosion

The city waterfront is protected against coastal erosion by existing seawalls. Coastal erosion is not a relevant
risk for this project.
2.8.4

Tsunami

The present tsunami hazard response at the site is emergency evacuation. The Civil Defence maps identify
approximately the seaward 10-20m of the city waterfront as Red Zone (shore exclusion zone, designated off
limits in the event of any expected tsunami), and the remainder as Orange Zone (evacuation zone orange,
evacuated if there is a medium to large tsunami threat) (Auckland Council website; Civil Defence, 2008).
The most current tsunami information is the probabilistic tsunami modelling undertaken by GNS in 2013. It
considers tsunami generated by distant, regional (South Pacific), and local sources for Annual Recurrence
Intervals (ARIs) of 100 to 2500 years. For Auckland, the higher ARI events (e.g. 2500 year ARI) are
generated by large earthquakes in the Kermadec Trench, Chile, Peru, Alaska, Japan and the Tonga Trench
(GNS, 2013).
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Specific levels for the Auckland city waterfront are not modelled; rather the maximum probabilistic tsunami
height (against an imaginary vertical wall at the coast) is given for a 20km section of Auckland coastline that
includes the more exposed east coast beaches. This gives a reasonable approximation to the expected runup height where the tsunami does not penetrate far inland i.e. the height at the coast for locations such as
the city waterfront. The probabilistic tsunami heights do not include for tides and are determined relative to a
background sea level i.e. sea level at the time of tsunami arrival is not included in the tsunami heights.
Table 10 gives probabilistic maximum tsunami heights for the 20km Auckland East and Takapuna section of
coastline.
Table 10: Maximum tsunami height for Auckland East and Takapuna coastline (50th percentile epistemic uncertainty)
(GNS, 2013)
Annual Recurrence Interval (years)

Maximum tsunami height relative to background sea level (m)

100

2.1

500

3.6

2500

5.2

Modelling of tsunami with future sea level rise is yet to be undertaken for New Zealand. With projected future
sea level rise, higher tsunami would be generated compared with the same size source event today, due to
the increased water depths from sea level rise.
Tsunami inundation modelling has been undertaken for the Auckland region using selected tsunami sources
(NIWA & GNS, 2010; NIWA, 2009). The Auckland tsunami evacuation zone maps referenced above are
partly based on those studies.
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3. Modelling Approach and Performance Criteria
3.1

Purpose of Modelling

Numerical modelling is accepted good practice for coastal projects involving new projects with the potential
to affect coastal processes across a larger footprint. In previous city waterfront projects, effects on coastal
processes such as currents, basin flushing and wave reflection have been matters of interest to stakeholders
and the public. The purpose of the modelling is to:
Identify and quantify effects of the proposed development on coastal processes.
Provide information on coastal processes to the concept design process to facilitate mitigation of
potential effects (e.g. wave reflection), and achievement of project objectives (e.g. berth tranquillity).

3.2

Hydrodynamic Tidal Modelling

Hydrodynamic modelling of tidal flows in the lower Waitemata Harbour, including Viaduct Harbour (Inner and
Outer areas), Freemans Bay and west of Wynyard Point/Westhaven Marina, has been undertaken for the
AC36 project.
A parallel modelling process has been followed to provide greater confidence in the modelling results to the
regulatory bodies and because of the compressed timeframes for the project. Tonkin and Taylor Ltd and
Beca Ltd have used independent modelling software (Mike3 Flexible Mesh and Delft3D Flexible
Mesh/RMA2, respectively) with agreed modelling input information, parameters, and calibration data.
Technical details of the modelling are included in Appendices B and C. The model extent covers the main
harbour channel from the North Head-Bastion point cross section to the Stokes Point-Westhaven Marina
cross section. Harbour bathymetry was compiled from the latest harbour surveys from POAL and the present
LINZ hydrographic chart as well as recent underwharf surveys. Tide levels and currents from 2010-2017
POAL current measurements (Vennell, 2017) were applied as boundary conditions at the upstream and
downstream boundaries.
Models for the existing environment were calibrated against historical POAL current measurements and
2017 current measurements carried out for this study. The 2017 measurements were obtained using ADCP
current meters installed in Viaduct Harbour in November 2017. The main calibration factors were grid size
and resolution, time step, bed roughness coefficient, and eddy viscosity. These factors were adjusted so that
good agreement between modelled and measured velocities was achieved.
The calibrated models were modified to include the proposed structures. The “future case” model was run to
determine tidal flows including current direction and speeds during the tidal cycle and flushing with these
structures in place. The results of the parallel models were reviewed jointly by Tonkin and Taylor Ltd and
Beca Ltd and then written up independently in the respective reports (refer to Appendices C and D). The
findings are discussed in Sections 4 and 5 of this report.

3.3

Wave/Wake Modelling

Wave and wake modelling was undertaken by Cardno Pty Ltd. The work particularly focussed on wakes
because, as explained in Section 2.7, the longer period wake that tends to excite vessel movements is
problematic for the project sites including Outer Viaduct Harbour.
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The modelling used SWASH software, which employs non-linear shallow water equations to predict wave
and wake transmission into the Outer Viaduct Harbour and Wynyard Wharf South waterspace, as well as
reflection from breakwaters and quay walls. The same was also done for the west of Wynyard Point site.
Cardno’s report is contained in Appendix D.
Results of the modelling were compared with measured wave and wake information from outside and inside
Outer Viaduct Harbour. The findings from the Cardno work are discussed in Sections 4 and 5.

3.4

Moored Boat Tranquillity Criteria

In maritime engineering, tranquillity is the calmness of the water in a boat harbour, marina or basin. It is an
important consideration for vessels mooring in both Outer Viaduct Harbour and the proposed Wynyard Wharf
South waterspace. For the effects assessment it was therefore necessary to evaluate the results of the
wave/wake modelling against acceptable levels of wave/wake disturbance, known as tranquillity criteria.
An analysis of moored boat wave/wake tranquillity criteria is given in Appendix E. From the analysis, the
following tranquillity criteria for small vessels and superyachts were adopted:
Americas Cup 36 Fire and Evacuation Assessment 5.1.2018For 1 year wind wave conditions,
significant wave height for head seas less than 0.3m and for beam seas less than 0.15m.
For residual wakes, wake height less than 0.1m. It is recognised that moored vessel movement is
dependent on vessel natural periods and mooring arrangements, however a wake height of less than
0.1m appears to be an internationally recognised performance criteria for small vessels and
superyachts.
It is noted that for larger vessels such as fishing vessels, a vertical movement of 0.4m is recommended for
safe working conditions (PIANC, 1995).

3.5

Wave/Wake Reflection and Transmission

For any type of breakwater system there will be associated reflection and transmission (the ability of a wave
form to pass through a structure) of waves and wake. Reflection may potentially affect the tranquillity both
outside a breakwater and inside a basin or marina. Transmission affects the tranquillity inside the basin.
The wave/wake modelling has been used to identify and quantify any changes due to the proposed
breakwaters so that they can be described as part of the effects assessment. Reflection and transmission
coefficients are required as an input to this wave/wake modelling. An analysis of typical wave reflection and
transmission coefficients is given in Appendix F. A summary of adopted coefficients is given in Table 11.
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Table 11: Adopted wave/wake reflection and transmission coefficients
Type of Breakwater

Wave Reflection
Coefficient (Kr)

Wave Transmission
Coefficient (Kt)

Existing vertical wave panels
Continuous from high water to 1m above seabed
Intermittent panels

0.9
0.1

0.15
0.9

New vertical wave panels (to seabed)

0.90

0.00

Vertical wave panels of differing porosity (n)
n = 0.04
n = 0.05
n = 0.06
n = 0.10
n = 0.20
n > 0.2

0.8
0.7
0.55
0.4
0.2
0.1

0.2
0.4
0.35
0.6
0.8
0.9

Impermeable rock breakwater

0.6

0.0
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4. Assessment of Environmental Effects: Wynyard Basin
For the Wynyard Basin, the development as shown in Civil Drawings 3 to 10 and described in detail in
America’s Cup 36: Base Infrastructure Technical Report (Beca, 2018) involves approximately:
3,000m2 of temporary wharf structure and 25,000m2 of permanent wharf structure including wave
panels.
2,000m2 of permanent piled, decked breakwater including wave panels.
800m2 of pile footprint at the seabed.
6,000m2 of floating pontoons.
75,000m3 of dredging.
These elements are presently at a concept stage of design. Details of the final layout will be refined during
the future design stages as part of the normal development process.

4.1

Tidal Flows and Currents

4.1.1

Footprint, Tidal Prism and Harbour Volume

The proposed structures and dredging will not affect tidal amplitude (the range between high water and low
water levels) and phases (patterns of spring and neap tides) as these are driven by solar and lunar forces.
The extensions to Hobson and Halsey Street Extension Wharves, which are on piles, reduce the open water
distance between Hobson Wharf and Stanley Point by less than 80m (5%), to 1450m. The temporary and
permanent wharf sections on Wynyard Wharf are located between the existing wharf and seawall. They do
not reduce open water area, but will span over approximately 0.5ha of the Coastal Marine Area. The new
fixed and floating structures occupy 15% of Freemans Bay, and 0.4% of the low tide open water space in the
lower Waitemata Harbour (i.e. between Devonport Wharf and the Auckland Harbour Bridge).
There will be negligible changes in the tidal prisms of Freemans Bay (1%), and of the lower Waitemata
Harbour (0.03%) as a result of the breakwater and wharf piles and panels. The proposed dredging will
increase the volume of Freemans Bay, the volume of the Outer Viaduct Harbour (7%) and slightly increase
the total harbour volume (0.02%). Dredged water depths in the Outer Viaduct Harbour and Wynyard Wharf
South waterspace will be increased by 1.5-2m (excluding overdredge allowance), and in the entrance
channel by up to 3.6m (excluding overdredge allowance).
4.1.2

Hydraulic Modelling Results

Model output locations are shown in Figure 10. Tables 12a and 12b compare the average current velocities
on ebb and flood tides pre- and post- development for these locations.

Figure 10: Model output locations
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Table 12a: Comparison of average current velocities pre and post development – spring tide
Location

Average Current Velocities (m/s)- Beca Model

Average Current Velocities (m/s) - Tonkin &
Taylor Model

Spring Tide (tidal time history)

Spring Tide (typical range)

Existing

Postdevelopment

% Change

Existing

Postdevelopment

% Change

5

0.07

0.12

71%

0.081

0.146

57%

6

0.47

0.47

0

0.041

n/a

n/a

7

0.07

0.05

-29%

0.069

0.053

-26%

8

0.03

0.02

-33%

0.038

0.016

-79%

9

0.05

0.04

-20%

0.030

0.023

-26%

10

0.04

0.03

-25%

0.018

0.010

-61%

11

0.02

0.02

0

0.013

0.009

-31%

12

0.001

0.001

0

0.001

0.001

-6%

13

0.006

0.005

0

0.004

0.004

-6%

14

0.001

0.001

0

0.001

0.001

-8%

Table 12b: Comparison of average current velocities pre and post development – neap tide
Location

Average Current Velocities (m/s)- Beca Model

Average Current Velocities (m/s) - Tonkin &
Taylor Model

Neap Tide (tidal time history)

Neap Tide (typical range)

Existing

Postdevelopment

% Change

Existing

Postdevelopment

% Change

5

0.06

0.10

67%

0.06

0.10

47%

6

0.35

0.35

0

0.02

n/a

n/a

7

0.07

0.04

-43%

0.06

0.03

-62%

8

0.02

0.02

0

0.03

0.01

-105%

9

0.04

0.03

-25%

0.02

0.01

-39%

10

0.04

0.02

-50%

0.02

0.01

-95%

11

0.01

0.01

0

0.01

0.01

-19%

12

0.001

0.001

0

0.00

0.00

-36%

13

0.004

0.003

0

0.00

0.00

-25%

14

0.000

0.000

0

0.00

0.00

-10%

Due to the compressed project timeframe, late changes to the entrance channel dredging were not able to
be included in the modelling. The modelling outputs presented here have, however, covered both the fully
dredged (Tonkin & Taylor) and undredged (Beca) scenario, thus providing upper and lower bound outcomes.
The modelling results, which are covered in more detail in Appendices B and C, suggest the following:
The main harbour current velocities are not likely to be affected by the proposed infrastructure.
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The Outer Viaduct Harbour and Wynyard Wharf South waterspace are subject to lower velocities. This
is due to a combination of a reduced entrance width (i.e. closure of the entrance under Hobson Wharf
to reduce wave/wake penetration) and deeper water. Tonkin & Taylor have noted that root mean
square (RMS) differences are less than 0.01 m/s indicating very small actual changes.
The Inner Viaduct Harbour velocities are also reduced, noting that the majority of the tidal exchange in
this area is dominated by diffusion. Again RMS differences are less than 0.01 m/s indicating very
small actual changes, likely undetectable from background turbulence.
The effects of the proposed development on tidal flows and currents are considered to be no more than
minor because of the localised extent (i.e. confined to the basins) and limited actual scale (RMS differences
less than 0.01m/s) of these changes.

4.2

Flushing in Harbour Basins

Changes in flushing have been assessed using a number of approaches, which are discussed below.
4.2.1

Ratio of Basin Surface Area to Entrance Cross Sectional Area

As discussed in Tonkin & Taylor’s report (Appendix C), PIANC guidance (2008) suggests that the ratio of
basin surface area (A) to the cross-sectional area of the entrance to the basin (a), typically needs to be
greater than 200 and, ideally, should be at least 400.
Table 13 compares the existing basins to the proposed in terms of this ratio and identifies in taupe shading
those areas that meet the PIANC guidance. These results show the reductions in entrance cross-sections in
the Outer Viaduct Harbour and Wynyard Wharf South water space improve the relative ratio and there is no
change to Inner Viaduct Harbour. However, this improvement is dependent on the full tidal exchange still
being achieved.
Table 13: Comparison of relative entrance cross-sectional area
Basin

Basin Area/Entrance Cross-section
Existing

Post-development

% Change

Wynyard Wharf South water space

68

185

172%

Outer Viaduct Harbour

126

250

98%

Inner Viaduct Harbour

234

234

0%

PIANC (2008) suggests this ratio should be over 200 (shaded taupe) and ideally 400 (shaded green)

4.2.2

Tidal Prism Ratio

For good flushing PIANC guidance (2008) recommends that the ratio of the volume of water entering the
basin during the flood tide (Vtide) to the total basin volume at spring high tide (Vharbour) should be at least 0.25,
and preferably 0.35. Results from Tonkin and Taylor’s report in Appendix C (Table 14) show that the existing
basins have ratios of 0.31 to 0.41 (combined value 0.38) indicating that 30 to 40% of water within the basin is
exchanged each tidal cycle. The proposed option decreases this ratio by 18% in the Outer Viaduct Harbour
and by 4% in the proposed Wynyard Wharf South water space due to the dredging to increase depth. The
post-development ratios for the basins all remain above PIANC’s specified lower limit of 0.25.

Beca // 12 January 2018
3233847 // NZ1-14861405-218 0.218 // page 29

America's Cup 36 Coastal Processes and Dredging Technical Report

Table 14: Comparison of tidal prism ratio
Basin

Vtide/Vharbour
Existing

Post-development

% Change

Wynyard Wharf South water space

0.308

0.295

-4%

Outer Viaduct Harbour

0.398

0.328

-18%

Inner Viaduct Harbour

0.414

0.414

0%

PIANC (2008) suggests this ratio should be over 0.25 (shaded taupe) and preferably 0.35 (shaded green)

4.2.3

e-folding Method

The e-folding method is described in Section 2.5. The reference locations used to assess changes in water
quality are those shown in Figure 10.
The existing and post-development results obtained from the Beca and Tonkin & Taylor models are
contained in Tables 15a and 15b. e-folding times in the tables are shaded corresponding to the following
classifications: less than 96 hours indicates “good” flushing, 96 – 240 hours indicates “fair” flushing and
greater than 240 hours indicates “poor” flushing (EPA, 1985; PIANC 2008).
Table 15a: e-folding times of harbour basin flushing pre and post development – spring tide
Location

e- folding Time (hrs) - Beca Model

e- folding Time (hrs) - Tonkin & Taylor Model

Spring Tide (tidal time history)

Spring Tide (typical 3m range)

Existing

Postdevelopment

% Change

Existing

Postdevelopment

% Change

7

-

5

-

6.5

18.8

189%

8

<1.5

15

-

13.5

26.5

96%

9

13

25.5

96%

38.5

63.3

64%

10

13.5

13.75

2%

27.7

17.8

-36%

11

32

50.25

57%

50.0

75.7

51%

12

59

54.25

-8%

47.3

66.8

41%

13

88

112.75

28%

100.7

135.8

35%

14

130.75

155.75

19%

116.7

146.7

26%
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Table 15b: e-folding times of harbour basin flushing pre and post development – neap tide
Location

e- folding Time (hrs) - Beca Model

e- folding Time (hrs) - Tonkin & Taylor Model

Neap Tide (tidal time history)

Neap Tide (typical 1.9m range)

Existing

Postdevelopment

% Change

Existing

Postdevelopment

% Change

7

-

12.5

-

8.0

38.2

+378%

8

<2.5

27

-

12.0

51.3

+328%

9

24.75

38.25

55%

38.8

111.5

+187%

10

13.5

9.75

-28%

21.7

21.8

0%

11

45.5

75

65%

64.3

126.3

+96%

12

72

77.5

8%

64.5

127.8

+98%

13

100

161.5

62%

125.8

188.2

+50%

14

158.25

214.5

36%

145.2

211.8

+46%

It is noted that the two models give differing results for spring and neap tides with neap tides giving longer e folding times. The Beca model used predicted tide levels varying over the spring and neap events, whereas
the Tonkin & Taylor model used a constant tidal range as given in the tables above.
The results suggest the following:
The Inner and Outer Viaduct Harbours both experience increased e -folding times with the proposed
scenario. However, all the increases are predicted to remain within or better than the “fair” 240 hour
band.
e -folding times at location 10 in the Wynyard Wharf South waterspace are predicted to be unchanged
or improved. The reason for this increase is attributed to the specific location and the particular
circulation regime (flow through the remaining partial opening under Halsey St Extension Wharf. The
majority of Wynyard Wharf South waterspace is likely to have a slightly longer e-folding time but still
likely less than three tidal cycles (refer to Appendix C).
It is noted that the e -folding estimates do not allow for wind, boat movement nor baroclinic forcing and
therefore are considered to be a conservative estimate for relative comparison purposes.
4.2.4

Summary

The empirical and numerical modelling results for basin flushing for the proposed development are above the
lower bound guidance given in PIANC (2008), and above the ideal / preferable / good guidance in many
cases.
The area and volume ratios (Sections 4.2.1 and 4.2.2) for the Inner Viaduct Harbour indicate no change in
water quality associated with the proposed development. The different methods yield different outcomes
(moderate/minor adverse change compared with beneficial change) for the Outer Viaduct Harbour and
Wynyard Wharf South water space. The complex geometry of the basins is not accounted for by these
simple empirical ratios.
The numerical modelling results for the Inner and Outer Viaduct Harbours show increased e -folding times
with the proposed development.The numerical modelling results take into account the basin geometry and
simulate tidal flows. However, the model does not allow for boat movements, wind etc that would encourage
water movement and therefore are considered to be conservative estimates for relative comparison
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purposes. The modelling results for the Wynyard Wharf South water space indicate minimal change or a
reduction in e -folding times for this basin.
Flushing is only one parameter affecting water quality. Measures such as management and treatment of
stormwater discharges, and removal of jetsam and flotsam are also important in determining water quality
within a basin and could be addressed via a management plan. Monitoring of key indicators, such as
dissolved oxygen, over the 2018 summer/autumn period would also assist in further refining the
understanding of inner harbour water quality and mitigation measures.
Flushing is one of the inputs to the assessment of effects on water quality that is addressed in America’s Cup
36: Assessment of Coastal Environmental Effects Associated with the Development of AC36 Facilities
(Golder Associates, 2018). The Golder report includes the description of existing water quality, incorporating
the results of recent sampling, a discussion of water quality considerations and potential consequences, and
conclusions regarding the effects of the proposed development on water quality. The Golder report
conclusions, which consider water quality in relation to the discharge of stormwater, algal growth and overall
ecology are summarised below:
Stormwater discharge and TSS: Concentrations of TSS from the Halsey St stormwater outfall should
not result in prolonged water clarity changes within the Inner Viaduct Harbour. The discharge will
have a poor clarity compared to the water in the basin but this will dissipate due to settling and
dilution. However, a very large rain storm event is likely to result in some clarity changes over a
period of 24 hours or more. At the Freemans Bay stormwater outfall beneath North Wharf the
stormwater is untreated and known to have poor clarity at times. Currently, following a period of
mixing, it is likely that some clarity changes will persist off North Wharf and alongside Wynyard Wharf.
Post-development, prolonged clarity changes will be expected in this area for a period of at least 24
hours.
Stormwater discharge and microbiological water quality: Overall, no significant changes in
microbiological water quality are expected within the Inner Viaduct Harbour from discharges from the
Halsey St stormwater outfall. Discharge from the Freemans Bay stormwater outfall beneath North
Wharf currently results in poor microbiological water quality after rain events in the area of North
Wharf and north along Wynyard Wharf. Post development, the creation of the new Wynyard Wharf
South water space results in increased ‘containment’ of this stormwater discharge with some
movement of diluted stormwater east to the Outer Viaduct Harbour. As this assessment is based
upon conservative modelling (i.e. dilution only) and an assumed average microbiological quality, it
should be assumed that some poor quality water may reach Karanga Steps within the Inner Viaduct
Harbour. Water quality in this area should be considered to be poor quality for 24-48 hours following a
rain storm discharge from the Freemans Bay stormwater outfall. There is on-going work by Auckland
Council and Watercare to address Freemans Bay stormwater outfall quality.
Algal growth: Chlorophyll a concentration, a pigment found in all algae and cyanobacteria, is used as a
proxy measurement of phytoplankton (or free-floating algae) biomass. Measured chlorophyll a
concentrations in the Inner Viaduct Harbour during November - December 2017 indicate that the
basin is moderately productive. Taking a highly conservative approach and assuming that measured
chlorophyll a is a product of both dilution and time to grow, then anticipated chlorophyll a would be ~
0.0024 g/m3. This chlorophyll a concentration is within the range reported for New Zealand harbours
(<0.004 g/m3) and the increase in biomass is not anticipated to be observable to the casual observer.
Overall ecology: The changes in water movement can potentially influence the composition of
biological communities on basin walls, piles and floating pontoons.
An Inner Viaduct Harbour Environmental Management Plan should be prepared and implemented,
covering water quality monitoring and management in the Inner Viaduct Harbour. Recommendations
on the plan are set out in the Golder report.
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4.3

Waves and Wake

4.3.1

Wave/Wake Potential Effects

Waves at this location are wind generated, with the greatest wave heights occurring where the fetch is more
directly aligned with Freemans Bay. Wakes are waves generated by boats. The potential effect of the
proposed development on waves and wakes include:
A reduced wave height within the enclosed areas of Wynyard Wharf South waterspace and Viaduct
Harbour which is the desired outcome for vessels moored within the facility. Desired tranquillity
requirements for boat harbours are included in Appendix E.
Increased wave heights in the vicinity of the proposed development due to reflected waves increasing
agitated sea state within Freemans Bay and the coastal areas adjacent to the facility.
Changes to the seabed and sediment transport patterns resulting from the increased wave heights.
Two configurations were modelled with different arrangements of wave panels, as shown in Appendix D.
Option A included porous wave panels on the northern faces of the proposed wharf extension
(Halsey/Hobson) and double porous panels beneath Hobson Wharf. Option B included only the existing solid
wave panels on Halsey/Hobson Wharves and a solid plus a porous wave panel under Hobson Wharf.
Option A (porous wave panels on the northern faces of the proposed Halsey/Hobson Wharf extensions and
double porous wave panels beneath Hobson Wharf, refer to Figure 11) has reduced effects on wave climate
outside the Outer Viaduct Harbour compared with Option B. Based on the wave and wake modelling results
described in Sections 4.3 and 4.4, Option A is therefore recommended as the preferred arrangement.
4.3.2

Wind generated waves

Northerly storms during high tide conditions will generate the largest wind generated waves to affect the
proposed America’s Cup base both within Freemans Bay and Westhaven. Empirical wave height
assessment techniques (refer Section 2.6) have determined an annual significant wave height of 0.6 m and a
50 year return period wave of 0.8 m with periods of 2.8 s and 3.2 s respectively.
Steady state wake modelling was carried out by Cardno (Appendix D) for wind generated waves of 0.9m
significant wave height at the model boundary and 3s period. The plots of the wave heights for the existing
situation and for AC36 breakwater configurations Options A and B are shown in Figures 12a and 12b. Both
options show significant wave height reductions in Wynyard Wharf South waterspace, Viaduct Harbour and
along the eastern edge of Hobson Wharf adjacent to the Maritime Museum. Option B shows slightly greater
quantities of reflected waves into Freemans Bay, compared to Option A.
Tranquillity requirements for an annual wave event are for marina environments to have wave heights of less
than 0.15 m for beam seas (for good conditions). Both options result in better wave climates than the
original America’s Cup bases and achieve less than 0.1m at the berths. Wave heights are less than 0.2m
throughout the Outer Viaduct Harbour and between Halsey St Extension Wharf and Wynyard Wharf,
although the wave heights in the vicinity of the Viaduct Harbour entrance channel are slightly higher (0.2 to
0.3 m).
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Figure 11: Option A wave panel arrangement (source: Cardno, 2018)
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EXISTING

A

Figure 12a: Comparison of annual wind generated northerly waves for existing situation and with Option A (source:
Cardno, 2018)
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EXISTING

Figure12b: Comparison of annual wind generated northerly waves for existing situation and with Option B. (source:
Cardno, 2018)
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4.3.3

Wakes

The same steady state wake modelling completed for the existing situation was carried out by Cardno using
the design wake with a height of 0.45 m and a period of 5 s for 15 minutes originating from 30, 45, 60 and 75
degrees (Appendix D). The difference between the existing situation and the two possible breakwater
configurations is shown in Figure 13 for the 60 degree incoming wake which was shown to produce the most
energetic state within the existing Outer Viaduct Harbour. This figure shows the relative change for model
results with no adjustment to match measured data. This means that the indicated changes, particularly with
regard to the wave reflection patterns are over-estimates of the actual effects.

Figure 13: Difference between existing and proposed development (Option A and Option B) for the design ferry wake
from 60 degrees (source: Cardno, 2018).
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Both result in similar reductions of wave height within Wynyard Wharf South waterspace and Viaduct
Harbour. There is also wave reflection extending back into Freemans Bay and also a reflected wave
creating a slight increase in wave height between Hobson and Princes Wharves and some reflected wave
energy moving into the Ferry Basin. The majority of the unscaled changes are less than ±0.1 m. This figure
also shows Option A has less wave reflection into the wider environment than Option B.
To provide a more representative assessment of changes, maximum wave height data was extracted from
the model at various points around the harbour and the modelled wave heights scaled to match the
measured data from Mulgor (refer to Appendix D, as an Appendix to the Cardno report) applying a factor of
0.8 for the waves within Freemans Bay and 0.5 for the sheltered locations within Wynyard Wharf South
waterspace, Viaduct Harbour and the Maritime Museum based on the assessment of the wake modelling for
the existing condition. The basis for these factors is discussed in Section 2.6.
The location of the output points is shown in Figure 14. Table 16 shows the scaled results of the maximum
modelled wave height for Option A with the output points grouped in the general locations of Freemans Bay,
the Maritime Museum, Wynyard Wharf South waterspace, the entrance channel and the Inner and Outer
Viaduct Harbours. Table also shows a comparison between the existing modelled situation (scaled) with
Option A output and also the global average change for each area. For Freemans Bay the average value
excluded the change in wave heights at Probe 6 that changed from open to sheltered. Within Wynyard
Wharf South waterspace and Viaduct Harbour cells are shaded green where sheltering results in the
maximum wake heights below 0.1 m, the PIANC recommended threshold.
Within Freemans Bay the proposal results in a net reduction in maximum wave height, although there are
localised areas of reflection with increases of up to 0.16 m from the existing situation. As shown in Figure 12
and commented on by Mulgor the wave patterns are relatively energetic within Freemans Bay, so the
reflected changes are not anticipated to result in a noticeable change to the existing wave reflection patterns.
The modest and (relative) infrequent occurrence of these wave height changes is unlikely to result in
changes to sediment transport patterns.
There is slightly greater energy from ferry wakes adjacent to the Maritime Museum (range -0.01 m to 0.03 m
with an average increase of 0.01 m), but changes of this magnitude are unlikely to result in observable
changes to the wave climate at this location, as the sea state is relatively energetic under present conditions.
Examination of the wave modelling plots (refer to Appendix D) shows that the Hobson Wharf breakwater,
which was included in the project to assist in sheltering the western berths at the Maritime Museum from
wind waves and wake, achieves this for northerly wind wave and 30-45 degree wake directions.
The Wynyard Wharf South waterspace becomes significantly more sheltered, with most areas meeting the
0.1 m criteria, although there is a zone of slightly higher waves (Inshore 6, 7, 9, 10, 11, 15). Similarly
tranquillity within the Viaduct Harbour areas improve and generally meet the tranquillity requirements.

Beca // 12 January 2018
3233847 // NZ1-14861405-218 0.218 // page 38

America's Cup 36 Coastal Processes and Dredging Technical Report

Figure 14: Wave data output points (source: Cardno, 2018)
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Table 16: Scaled model wave height for Option A and a comparison of wave heights with the existing situation

Opt A: Modified Wave Height, H
(m)
Point

30º

45º

60º

75º

30º

45º

60º

75º

Average
change
(m)

Probe #1

0.57

0.49

0.39

0.48

0.00

-0.01

-0.12

0.06

-0.03

Probe #2

0.59

0.46

0.45

0.36

0.01

-0.03

-0.05

0.04

Probe #3

0.58

0.52

0.51

0.50

-0.02

-0.02

0.03

0.02

Probe #4

0.70

0.49

0.47

0.46

0.05

0.00

0.03

0.02

Probe #6

0.05

0.07

0.06

0.07

-0.37

-0.37

-0.49

-0.12

Inshore 1

0.29

0.49

0.53

0.42

-0.08

0.00

-0.04

-0.07

Inshore 2

0.37

0.46

0.66

0.57

-0.01

-0.09

0.16

0.02

Inshore 3

0.54

0.37

0.69

0.61

-0.02

-0.03

0.00

0.06

Inshore 4

0.29

0.66

0.43

0.34

-0.14

0.10

0.01

-0.18

Inshore 5

0.44

0.24

0.16

0.16

-0.08

-0.15

-0.19

-0.40

Inshore 16

0.37

0.42

0.28

0.22

0.01

0.00

0.01

0.01

Probe #5

0.31

0.35

0.42

0.20

-0.01

0.01

0.02

0.03

Inshore 28

0.35

0.33

0.40

0.18

-0.01

0.01

0.00

0.03

Inshore 6

0.11

0.08

0.05

0.06

-0.11

-0.08

-0.14

-0.47

Inshore 7

0.09

0.05

0.05

0.07

-0.11

-0.08

-0.20

-0.27

Inshore 8

0.13

0.05

0.06

0.08

-0.04

-0.07

-0.12

-0.17

Inshore 9

0.15

0.09

0.09

0.08

-0.06

-0.04

-0.08

-0.15

Inshore 10

0.12

0.08

0.05

0.05

-0.11

-0.15

-0.13

-0.15

Inshore 11

0.11

0.07

0.04

0.06

0.00

-0.33

-0.10

-0.17

Inshore 12

0.09

0.06

0.04

0.05

-0.03

-0.29

-0.23

-0.20

Inshore 13

0.10

0.07

0.07

0.05

-0.06

-0.29

-0.21

-0.25

Inshore 14

0.15

0.09

0.06

0.05

-0.08

-0.25

-0.24

-0.35

Inshore 15

0.45

0.39

0.50

0.42

-0.02

-0.03

-0.06

0.04

Inshore 25

0.26

0.24

0.17

0.14

-0.19

-0.20

-0.26

-0.03

Inshore 20

0.06

0.07

0.06

0.05

-0.05

-0.05

-0.06

-0.05

Inshore 21

0.08

0.06

0.07

0.06

-0.05

-0.07

-0.12

-0.05

Inshore 22

0.08

0.07

0.08

0.07

-0.04

-0.09

-0.10

-0.05

Inshore 23

0.08

0.11

0.09

0.07

-0.09

-0.08

-0.11

-0.06

Inshore 24

0.10

0.11

0.09

0.07

-0.04

-0.08

-0.17

-0.01

Inshore 26

0.04

0.04

0.03

0.03

-0.12

-0.18

-0.27

-0.10

Inshore 27

0.05

0.03

0.02

0.03

-0.24

-0.26

-0.19

-0.10

Inshore 29

0.03

0.03

0.03

0.05

-0.16

-0.24

-0.26

-0.05

Inshore 30

0.05

0.05

0.03

0.04

-0.14

-0.17

-0.47

-0.16

Inshore 31

0.11

0.12

0.08

0.04

-0.13

-0.13

-0.18

-0.14

Inshore 17

0.06

0.07

0.06

0.05

-0.06

-0.06

-0.06

-0.04

Inshore 18

0.07

0.07

0.07

0.04

-0.01

-0.02

-0.02

-0.05

0.04
0.05
0.04
Inshore 19
Note: negative differences are an improvement

0.03

-0.02

-0.02

-0.04

-0.03

Wynyard Wharf South
waterspace

Maritime
Museum

Freemans Bay

Area

Inner
Viaduct

Outer Viaduct

Entrance

Difference (proposed - existing)

0.01

-0.16

-0.09
-0.13

-0.04
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4.4

Sediment Processes and Sedimentation

Existing and historical sedimentation provides a practical guide to future sedimentation rates in Viaduct
Harbour and Wynyard Wharf South waterspace. In particular, previous development of the Outer Viaduct
Harbour in the late 1990s allows direct comparison of pre- and post- development sedimentation rates. This
approach is also consistent with the methodology followed for the past 25 years for estimating sedimentation
rates.
In terms of sediment processes and sedimentation in the Inner and Outer Viaduct Harbour and Wynyard
Wharf South waterspace, the more tranquil, deepened basins will experience lower flow velocities which will
tend to increase the potential for sedimentation to a degree. However, in order for this sedimentation to be
realised, a source of sediment is required.
Sediment sources are limited to the wider Waitemata Harbour waters and the North Wharf stormwater
outfall. There are no untreated stormwater outfalls into the Inner and Outer Viaduct Harbour, and the small
outfalls along Wynyard Wharf south serve only the immediate section of Brigham St, with minimal sediment
inputs. The discussion below considers each harbour basin and relevant sediment inputs in turn.
The localised sedimentation in the immediate vicinity of the North Wharf stormwater outfall will continue to
occur with the proposed Wynyard Basin development. Sediment will also continue to be deposited from the
wider harbour waters flowing into the basin with the tide. The more tranquil wave environment and lower flow
velocities (due to the deepened basin, breakwaters and Hobson Wharf wave panels) is expected to
encourage a slightly higher rate of sedimentation overall than at present.
For comparison, the shipping berths are sheltered areas that also receive stormwater flows from major city
stormwater outfalls, like the North Wharf outfall. Sedimentation rates in these shipping berths have averaged
50mm/year with a range of 30mm/year to 200mm/year (Beca, 2007). In Wynyard Wharf South waterspace,
recent sedimentation rates have been up to 130mm/year in localised areas (Appendix A). Based on these
rates and considering the increased tranquillity provided by the project, sedimentation in Wynyard Wharf
South waterspace is estimated to be slightly higher than the average through the shipping berths, around
60mm/year on average, with localised areas (e.g. immediately adjacent to the North Wharf outfall and
through the centre of the basin) experiencing higher rates of around 140mm/year.
For the Outer Viaduct Harbour, the additional tranquillity and lower flow velocities caused by the wave panels
under Hobson Wharf is expected to increase sedimentation rates up to approximately 40-60mm/year
compared with 36-55mm/year at present. This takes into consideration that there are no stormwater outfalls
into the Outer Viaduct Harbour and thus the sediment available for deposition is that brought in by tidal flows.
That is, the amount of sediment available for deposition remains the same as under existing conditions.
The Inner Viaduct Harbour will continue to be separated from the main harbour waters, which are the main
source of sediment to this water body (as noted in Section 2.7, flows from the Halsey St stormwater outfall
are treated within the relatively small catchment). Comparison of pre and post development sedimentation
rates for the Inner Viaduct Harbour shows that the development of the Outer Viaduct Harbour had relatively
little effect on sedimentation (refer to Table 4a). This has been attributed to the reduced input of sediment
from the wider harbour waters offsetting the increased potential for deposition with lower flow velocities. The
same mechanism is applicable to the proposed development, which differs from the existing situation only in
that wave panels are included under Hobson Wharf. An increase in sedimentation rate from 18-36mm/year
to 25-40mm/year is anticipated.
Sedimentation is also expected to increase beneath the proposed wharf extensions, infills and breakwaters
as flow velocities will be slowed by the piles and wave panels and structures, encouraging sedimentation.
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Deposition in these areas is not particularly seen as an adverse effect as it is a passive system for removing
sediment from the harbour waters and occurs beneath all the waterfront wharves.
In summary, the changes in water depth and flow velocities from the proposed development are expected to
result small increases in sedimentation rates in Viaduct Harbour and Wynyard Wharf South waterspace, a
minor effect that will be managed using existing maintenance dredging practices as for present
sedimentation. Second order effects on ecology are addressed in Golder Associates, 2018.
Maintenance dredging, which is an operational matter that includes considerations beyond sedimentation, is
not part of the scope of this application. Refer to Section 6.5.

4.5

Coastal Hazards and Climate Change Adaptation

4.5.1

Sea Level Rise

Because of the limited extent of the proposed wharf structures at Halsey St Extension, Hobson and Wynyard
Wharves, and because of functionality considerations (e.g. trafficking, future events), the proposed extension
and wharf infill sections will need to have the same level as the existing wharves.
The new piles will, however, be designed for a future 1m increase in height of the wharf deck achieved using
a lightweight core overlaid with reinforced concrete deck. The increase in wharf deck level and wave panel
height may be staged in 2 or 3 increments over the next 100 years, and is expected to be refined with time to
allow for updated climate change predictions. A pragmatic approach is to review wharf deck levels in the
2040s – 2060s. This would be prior to the end of the consent / design life, allowing the adaptive measures to
be incorporated in scheduled asset renewal or major repair.
4.5.2

Storm Surge (Extreme storm Tides) and Wave Overtopping

As the proposed wharf deck level (5.3mCD) matches the existing deck levels, the storm tide and overtopping
relationships for the proposed wharves are the same as those set out in Section 2.8.2 for the existing
wharves. A northerly 50 year ARI wave, Mean High Water Springs, a 50 year ARI storm tide and future sea
level rise to 2050 were considered. These indicate that overtopping would be generally acceptable up to
2050, approximately when wharf deck raising would be undertaken. Provision might need to be made for
building protection from low levels of overtopping flows towards the end of this period.
The combined probability of all wave and tide combinations considered in this analysis is less frequent than a
50 year ARI. Taking a 1% AEP storm tide level with a 1% AEP wave condition would yield a much more
infrequent extreme overtopping discharge. Further combined probability analysis and storm tide/wave
modelling would be required to determine the 1% AEP combined probability condition for storm tides and
overtopping. While this could be undertaken, given the results set out in Section 2.8.2, it will not yield any
particular insight beyond that afforded by the present information, which leads to the conclusions above.
4.5.3

Erosion

As explained in Section 2.8.3, the seawall armouring of the city waterfront protects the site against erosion.
4.5.4

Tsunami

As with other locations potentially exposed to tsunami, evacuation plans and public information signs will be
required for the wharf extensions. From studies to date it appears that the tsunami hazard relates to regional
and distant sources, which provides a window of between approximately 1 hr (regional source) and 12 hours
(distant source) to evacuate the structures (NIWA, 2009; NIWA, 2010; GNS, 2013). The emergency
evacuation plans are addressed in America’s Cup 36 Traffic and Transport Technical Report (Beca, 2018).
The situation will be similar to other public areas the Auckland waterfront (e.g. Princes Wharf, Queens Wharf,
Westhaven Marina breakwater).
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5. Assessment of Environmental Effects: FFIRF
For the FFIRF, the development as shown in Civil Drawings 11 to 15 and described in detail in America’s
Cup 36: Base Infrastructure Technical Report (Beca, 2018) will involve approximately:
3,000m2 of permanent wharf structure.
100m2 of pile footprint at the seabed.
400m2 of ramps and floating pontoons.
10,000m3 of dredging.

5.1

Tidal Flows and Currents

5.1.1

Footprint, Tidal Prism and Harbour Volume

The proposed structures and dredging will not affect tidal amplitude (the range between high water and low
water levels) and phases (patterns of spring and neap tides) as these are driven by solar and lunar forces.
The total Westhaven waterspace volume will be increased slightly overall (0.4%) by the proposed works.
Water depths at the FFIRF will be increased by up to 3m. The FFIRF extends approximately 100m west, and
180m south along the shoreline, occupying less than 3% of the waterspace. The piles and wave panels will
reduce the tidal prism by 0.04%.
The FFIRF will reduce the width of the eastern entrance to Westhaven from 270m to 170m. The entrance
width opposite the Silo Marina and the marine industry wharves and pontoons is 110m -150m. Navigation
aspects are discussed in America’s Cup 36: Navigation Safety and Utility (Navigatus, 2018).
5.1.2

Hydraulic Modelling Results

Model output locations are shown in Figure 15. Table 17 compares the average current velocities on ebb
and flood tides pre- and post- development for these locations (refer to Appendix B for full modelling results).
Table 17: Spring and neap tide average velocities for Westhaven Marina

Location
W1

Average Velocity – Spring tide
Existing
Proposed
% Change
0.002
0.002
0

Average Velocity – Neap tide
Existing
Proposed
% Change
0.002
0.001
0

W2

0.01

0.02

100

0.01

0.01

0

W3

0.07

0.07

0

0.06

0.06

0

W4

0.12

0.11

-8

0.09

0.09

0

W5

0.10

0.13

30

0.07

0.10

43

W6

0.04

0.04

0

0.03

0.03

0

W7

0.003

0.003

0

0.002

0.002

0

W8

0.005

0.005

0

0.003

0.003

0
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Figure 15: Model output locations

The results suggest that the proposed FFIRF results in an increase of mean current speeds within the
entrance due to channel constriction (refer to Figures 16a and 16b which are directly comparable to Figures
4b and 4c for the existing situation). The increases are predicted to be around 30-45%. These increases are
small in absolute terms, of the order of 0.03m/s, and would be difficult to discern against background wave
and tide conditions in practice.
During flood conditions the constriction at the eastern entrance tends to allow the flood current to penetrate
further into the marina around the tip of the inner breakwater (refer to Figure 16c). This is a potentially
beneficial condition, as it may improve marina flushing (refer to Section 5.2). Associated current velocities
are relatively low at 0.2m/s, and slightly less than existing ebb tide velocities around 0.3m/s (refer to Figure
4c). The extent of increased penetration at this state of the ebb tide is not dissimilar to period during the flood
tide (refer to Figure 15a). Overall, therefore the effects on currents and tidal flows are considered to be no
more than minor.
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Figure 16a: Typical flood current vectors for proposed scenario

16b: Typical ebb tide vectors for proposed scenario
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Figure 16c: Increased ebb tide current penetration for proposed scenario

5.2

Flushing

Changes in flushing have been assessed used the e-folding method (refer to Section 2.5). The existing and
post-development results obtained from the Beca model are shown in Table 18 and discussed below. efolding times in the tables are shaded corresponding to the following classifications: less than 96 hours
indicates “good” flushing, 96 – 240 hours indicates “fair” flushing and greater than 240 hours indicates “poor”
flushing (EPA, 1985; PIANC 2008).
Table 18: e-folding times for Westhaven Marina

Location

Existing (hrs)

W1

140.25

Neap Tides
Proposed
(hrs)
123.75

% Change

Existing (hrs)

-12%

90.25

Spring Tides
Proposed
(hrs)
56.00

W2

100.00

75.25

-25%

62.50

29.00

-54%

W3

14.25

14.5

2%

14.00

14.25

2%

W4

13.25

W5

0.75

13.25

0%

7.00

17.75

250%

12.75

1700%

0.50

12.50

2500%

W6

38.75

38.00

-2%

38.25

38.75

1%

W7

56.50

51.00

-10%

43.50

53.00

22%

W8

89.75

77.25

-14%

64.50

65.50

2%

% Change
-38%

Note: negative differences are an improvement
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The modelling results suggest that, under neap tide conditions, which are less effective for flushing and
therefore provide a more stringent test, the proposed development has a negligible effect (0-2% change) or
reduces e-folding times within Westhaven Marina. During both neap and spring tides, e-folding times for
most of the marina remain within the “good” threshold (the exception being location W1). All results are
within the “fair” 240 hour threshold. It is noted that the e-folding estimates do not allow for wind nor
baroclinic forcing and therefore are considered to be a conservative estimate for relative comparison
purposes.
Flushing is only one parameter affecting water quality. Measures such as management and treatment of
stormwater discharges, and removal of jetsam and flotsam are also important in determining water quality
within a basin and could be addressed via a management plan.
The Golder Associates report, America’s Cup 36: Assessment of Coastal Environmental Effects Associated
with the Development of AC36 Facilities, (2018) includes a description of existing water quality, a discussion
of water quality considerations including flushing time and potential consequences, and conclusions
regarding the effects of the proposed development on water quality.

5.3

Waves and Wakes

5.3.1

Sites Considered and Wave/Wake Modelling

The existing vehicular ferry is located at the southern end of Wynyard Wharf and fishing vessels moor on the
southern side of Western Viaduct Wharf and Halsey St Extension Wharf (refer to Figure 17). The proposal is
to relocate to the new facility on the western edge of Wynyard Point. The configuration for the FFIRF is
shown in Civil Drawing 11.

Figure 17: Location of existing ferry and fishing vessel moorings

Cardno (2018) in Appendix D modelled a simulated ferry wake conditions with a maximum wave height
(Hmax) of 0.45 m and a peak period of 5 seconds originating from 300 degrees to 75 degrees in 15 degree
increments. The relationship between Hmax and the significant wave height, Hs is:
0.9
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Converting Hmax to Hs allows for a more direct comparison of ferry wake with sea state conditions that are
typically reported in terms of Hs and also enables a comparison against tranquillity criteria that have been
defined in terms of Hs.
It is noted that each model run took 30 minutes with the last 20 minutes used for the wave analysis to allow
the model to reach equilibrium. This is considered representative for sea state conditions, but conservative
for ferry wakes that typically only have 8 wakes in each train, while the steady state modelling approach
generates around 240 individual waves. It will provide a conservative estimate of reflected waves. Table 19
shows the locations where wave height information was extracted for the three sites of interest for the
existing mooring areas.
Table 19: Output probe sites (as in Figure 17) used to determine existing wave conditions at ferry and fishing vessel
moorings
Location

Output Probes

Vehicular Ferry

Inshore 11 and 12

Halsey Street Extension Wharf

Inshore 7, 8 and 9

Inner Western Viaduct

Inshore 22, 23, 24, 26, 27

Outer Western Viaduct

Probe 1, Inshore 2, 3, 6 and 15

5.3.2

Reflected Waves

The difference plots in Appendix D show the difference between the existing situation and the situation with
the FFIRF. This allows a visualisation of areas of no change to the existing situation (areas of white on the
plots), areas of increased and decreased wave height (red and blue shaded areas respectively) and the
location and extent of the reflected waves.
There is only minor and localised wave reflection from ferry wakes originating from 300 to 360 degrees and
both negative and positive changes in maximum wave height generally in the order of ±0.08 m and extending
less than 100 m from the facility. Greater wave reflection is shown from ferry wakes originating from 15 to 45
degrees with zones of increased wake height reflecting near the main channel off the northern wharf/wave
panels, affecting a narrow area around 200 m north east of the northern wharf. Modelled reflected wake
heights exceed 0.1 m within 100 m of the northern wharf but reduce to less than 0.05 m further seaward.
Putting these results in context, for an incident maximum wake height in the order of 0.45 m, the maximum
reflected wave may increase this wake height to 0.6 m (assuming 0.15 m) within 100 m of the northern wharf
and to around 0.5 m more seaward.
5.3.3

Effect of Reflected Waves on the Seabed and Coastal Processes

There are potential effects of the reflected wave on coastal processes and sediment transport. In this area
water depths decrease from around 6m at mid-tide to more than 10m at mid-tide and the sediments range
from gravelly muds to gravelly muddy sands (Golder, 2018) with increased depth to the main harbour
channel.
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The effect of changes in wave height to orbital velocity and bed shear stress was assessed using the
empirical relationships of Van Rijn (19931) and compared to the critical bed shear stress and velocities
required to initiate erosion of the adjacent seabed. It was assumed the seabed was lightly consolidated
which is conservative.
Table 20: Comparison of modelled orbital velocity and bed shear stress with critical threshold values
Water depth
below MSL
(m)

6

10

Threshold
erosion
velocities for
sandy clay
(m/s)1

Critical bed
shear stress for
surface erosion
(N/m2)2

0.45-0.90

0.6-0.8

Modelled values
using Van Rijn
(1993)

Maximum wake height (m)
0.45

0.50

0.60

Orbital velocity

0.18

0.19

0.23

Bed shear stress

0.46

0.53

0.68

Orbital velocity

0.10

0.11

0.13

Bed shear stress

0.20

0.23

0.29

Notes:
1. based on loose to moderately compacted sandy clays
2. based on a low sediment concentration of 250 kg/m3

The results of this analysis in Table 20 how that the modelled increase in wave height will marginally
increase the orbital velocity and wave induced bed shear stress, but these generally remain below the critical
values. This means that while there is a modelled change in height the effect on coastal processes is likely
to be low. Near the breakwater (6 m water depth at mid-tide) there may be localised scour, but with the
modelled shear stress within the range of possible surface erosion, the critical velocity is not exceeded. If
local scour were to eventuate, then a lag deposit or surface armouring would develop to minimise the extent
of scouring. Therefore it is anticipated that scour effects will be minor.
5.3.4

Effect of Reflected Waves on Wave Climate

The largest wind fetch aligns parallel to the channel with a fetch of around 4 km to the north into Shoal Bay.
Even low to modest wind speeds of 5 and 10 m/s (10 to 20 knots) can result in wave heights of between 0.2
and 0.4 m with periods of around 2 to 3 seconds. Boat generated wakes combine with the wind generated
waves to create a confused sea state along the main channel seaward of Westhaven Marina even during
relatively calm conditions.
The relatively minor increase of reflected waves of generally less than 0.05 m are unlikely to change the
wave climate currently experienced along the main channel seaward of Westhaven Marina. Therefore it is
anticipated that wave climate effects will be minor.

Van Rijn, L (1993) Principles of sediment transport in rivers, estuaries and coastal seas. Aqua publications,
the Netherlands

1

Beca // 12 January 2018
3233847 // NZ1-14861405-218 0.218 // page 49

America's Cup 36 Coastal Processes and Dredging Technical Report

5.3.5
a.

Comparison of Wake/Wave Heights with Heights at Existing Facilities
Wakes

Comparisons were made with the modelled maximum ferry wake height at the existing location (refer to
Figure 17) for wakes from 30 to 75 degrees with wake heights from 345 to 30 degrees at the FFIRF for the
mooring areas identified in Figure 18. Assessment using the different direction sectors was to ensure the
maximum modelled wake heights were compared irrespective of direction, as the FFIRF is more sheltered
from wakes originating from 30 to 75 degrees. The comparison was done with both Hmax (refer to Table 21)
and by converting Hmax to Hs (refer to Table 20).

Figure 18: Mooring arrangement for FFIRF on western side of Wynyard Point
Table 21: Comparison of modelled maximum wave heights at existing mooring facilities with proposed FFIRF.
Existing moorings

Halsey
Street
Outer Western
Extension Viaduct

Existing
area

Inner Western
Viaduct

Vehicle
Ferry

FFIRF facility - Option 6

Point
Probe #1
Inshore 2
Inshore 3
Inshore 6
Inshore 15
Inshore 7

Ferry max. wave height, Hmax (m)
30º
45º
60º
75º
0.72
0.63
0.63
0.51
0.48
0.69
0.63
0.68
0.70
0.51
0.86
0.68
0.45
0.31
0.38
1.06
0.59
0.53
0.70
0.48
0.39
0.26
0.49
0.66

Inshore 8
Inshore 9

0.34
0.43

0.23
0.25

0.36
0.35

0.51
0.47

Inshore 11

0.23

0.79

0.30

0.46

Inshore 12
Inshore 22
Inshore 23
Inshore 24
Inshore 26
Inshore 27

0.26
0.24
0.34
0.27
0.34
0.58

0.69
0.32
0.38
0.37
0.44
0.58

0.54
0.35
0.40
0.53
0.60
0.44

0.50
0.24
0.25
0.17
0.25
0.25

Max
AVG
Min
(m)

345º

Ferry max. wave height, Hmax (m)
0º
15º

30º

Area A
Max. 0.5m
Min. 0.1m

Area A
Max. 0.4m
Min. 0.1m

Area A
Max. 0.4m
Min. 0.1m

Area A
Max. 0.3m
Min. <0.1m

Area B
Max. 0.5m
Min. 0.1m

Area B
Max. 0.4m
Min. 0.1m

Area B
Max. 0.3m
Min. 0.1m

Area B
Max. 0.2m
Min. <0.1m

0.79
0.47
0.23

Area C
Max. 0.6m
Min. 0.2m

Area C
Max. 0.5m
Min. 0.1m

Area C
Max. 0.5m
Min. 0.1m

Area C
Max. 0.3m
Min. <0.1m

0.60
0.37
0.17

Area D
Max. 0.6m
Min. 0.3m

Area D
Max. 0.5m
Min. 0.3m

Area D
Max. 0.5m
Min. 0.2m

Area D
Max. 0.4m
Min. 0.1m

1.06
0.61
0.31
0.66
0.40
0.23
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The results show that modelled maximum wake heights along the outer Western Viaduct Wharf range from
0.31 m to 1.06 m with an average modelled maximum wake height of 0.61 m while within the Inner Western
Viaduct Wharf the wake heights are reduced with wakes ranging from 0.17 m to 0.6 m with an average
modelled maximum wake height of 0.37 m. The maximum modelled wake height occurs from 30 to 45
degrees. Along the Halsey Street Extension Wharf, the modelled maximum wake height range from 0.23 m
to 0.66 m with an average modelled maximum wake height of 0.40 m. The maximum modelled wake height
occurs from 75 degrees. Along the ferry vessel site, the modelled maximum wake height range from 0.23 m
to 0.79 m with an average modelled maximum wake height of 0.47 m. The maximum modelled wake height
occurs from 45 degrees.
Within the proposed FFIRF facility the maximum potential wake heights are generated from the 345 degree
wake direction, with a maximum wake height of 0.5 m. There is less ferry traffic likely to generate wakes
from this sector, as discussed in Section 2.6.2, so the frequency of this is likely to be lower than for wakes
from northerly to north easterly sectors where there is greater ferry movements and typically larger ferries.
Examining measured results within Freemans Bay (Mulgor, 2017) there was no wake that could be clearly
identified originating from the north to north west directions.
Areas A and B provide improved sheltering characteristics to Inner Western Viaduct Wharf. Areas C and D
provide the same maximum wave height as modelled within the Inner Western Viaduct although these areas
may experience more wave action with minimum wave heights higher than modelled along Inner Western
Viaduct Wharf.
Converting to significant wave height shows an increased proportion of areas of the FFIRF having wave
heights of less than 0.1 m although Area C and D are still susceptible to more frequent low wave heights
than experienced within the Inner Western Viaduct Wharf.
The results in Table 22 show that all mooring areas of the FFIRF should have better wave sheltering
performance than the existing situation along the Halsey Street Extension and the Vehicle Ferry.
Table 22: Comparison of significant wave heights at existing mooring facilities with proposed FFIRF
Existing moorings

Halsey
Street
Extension

Outer Western
Viaduct

Existing
area

Inner Western
Viaduct

Vehicle
Ferry

Point
Probe #1
Inshore 2
Inshore 3
Inshore 6
Inshore 15
Inshore 7

FFIRF facility - Option 6

Max
AVG
Ferry significant wave height, Hs (m) Min
(m)
30º
45º
60º
75º
0.64
0.56
0.57
0.46
0.95
0.43
0.62
0.56
0.61
0.55
0.63
0.46
0.77
0.61
0.28
0.40
0.28
0.34
0.95
0.53
0.47
0.63
0.43
0.36
0.23
0.44
0.60
0.60

Inshore 8

0.31

0.21

0.32

0.46

Inshore 9

0.38

0.22

0.32

0.43

Inshore 11

0.20

0.71

0.27

0.41

Inshore 12

0.23

0.62

0.49

0.45

Inshore 22

0.21

0.29

0.32

0.22

Inshore 23
Inshore 24
Inshore 26
Inshore 27

0.31
0.24
0.30
0.52

0.34
0.33
0.39
0.52

0.36
0.48
0.54
0.39

0.22
0.15
0.23
0.23

0.36
0.21
0.71
0.42
0.20
0.54
0.33
0.15

345º

Ferry significant wave height, Hs (m)
0º
15º
30º

Area A
Max. 0.36m
Min. <0.1m

Area A
Max. 0.36m
Min. <0.1m

Area A
Max. 0.36m
Min. <0.1m

Area A
Max. 0.27m
Min. <0.1m

Area B
Max. 0.45m
Min. <0.1m

Area B
Max. 0.45m
Min. <0.1m

Area B
Max. 0.27m
Min. <0.1m

Area B
Max. 0.18m
Min. <0.1m

Area C
Max. 0.54m
Min. 0.18m

Area C
Max. 0.54m
Min. 0.18m

Area C
Max. 0.45m
Min. <0.1m

Area C
Max. 0.27m
Min. <0.1m

Area D
Max. 0.54m
Min. 0.27m

Area D
Max. 0.54m
Min. 0.27m

Area D
Max. 0.45m
Min. 0.18m

Area D
Max. 0.36m
Min. <0.1m
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b.

Wind-generated Waves

The modelled significant wave heights (Hs) for the annual northerly wind wave have also been compared
between the existing moorings (as shown in Figure 17) and the FFIRF (as shown in Figure 18). Table 23
shows the results of the comparison, with modelled wave heights taken from Cardno’s report (Appendix C).
Table 23: Comparison of modelled significant wind wave heights at existing mooring facilities with proposed FFIRF.
Existing area

Point

Existing moorings

FFIRF
Max

Significant Wave Height,
Hs (m)
Outer Western Viaduct

Halsey Street Extension

Vehicle Ferry

Inner Western Viaduct

Probe #1

0.57

Inshore 2

0.54

Inshore 3

0.55

Inshore 6

0.41

Inshore 15

0.59

Inshore 7

0.38

Inshore 8

0.32

Inshore 9

0.30

Inshore 11

0.33

Inshore 12

0.35

Inshore 22

0.14

Inshore 23

0.18

Inshore 24

0.17

AVG
Min (m)

0.59m
0.53m
0.41m

0.38m
0.33m
0.30m

Significant Wave Height,
Hs (m)

Area A
Max. 0.4m
Min.0.1m

Area B
Max 0.4m
Min. 0.2m

0.35m
0.34m
0.33m

Area C
Max. 0.4m
Min. 0.2m

0.14m
0.16m
0.18m

Area D
Max. 0.4.
Min. 0.3m

The modelled significant wake heights along the outer Western Viaduct Wharf range from 0.41 m to 0.59 m
with an average of 0.53 m. Wave heights within the Inner Western Viaduct Wharf are modelled as between
0.14 m and 0.34 m, with an average of 0.23 m. Along the Halsey Street Extension Wharf the modelled
significant wave heights range from 0.30 m to 0.38 m with an average of 0.33 m. At the vehicle ferry site the
modelled significant wave heights range from 0.33 m to 0.35 m with an average of 0.34 m.
Within the proposed FFIRF facility, the modelling results indicate improved sheltering characteristics in Area
A compared with the outer Western Viaduct Wharf. Similar modelled significant wave heights are shown for
Areas B and C compared with the Halsey Street Extension Wharf and the vehicle ferry site, respectively.
Some parts of these Areas B and C may experience slightly calmer conditions than the present sites. (i.e.
minimum modelled Hs is lower than for existing sites). The modelled significant wave heights for Area D are
greater than those modelled within the Inner Western Viaduct. It is noted that for the selected site, the
potential for improved wave/wake sheltering is limited because of navigational constraints such as
maintaining the vessel transit areas.

5.4

Sediment Processes and Sedimentation

Analysis of sedimentation at the FFIRF site over the past decade shows low sedimentation rates (up to 16
mm/year, refer to Appendix A).The deepened and partly sheltered berths at the FFIRF will experience
slightly lower flow velocities with the proposed development. However, the site will also be subject to vessel
movements, which will tend to mobilise any immediate sedimentation. The site will be paved and stormwater
collected and treated. This will beneficially reduce sediment input compared with the present situation,
although the size of the contributing catchment (0.4ha) means it is a minor sediment source compared with
wider Waitemata Harbour waters.
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Overall, taking these factors into consideration, sedimentation is expected to be up to 30mm/year in the
dredged berth adjacent to the northern fishing wharf, and up to 20mm/year in the remainder of the FFIRF
site. It will be managed using existing maintenance dredging practices in a similar manner to present
sedimentation. Given the limited extent of the site, this level of sedimentation will have less than minor
effects.

5.5

Coastal Hazards and Climate Change Adaptation

5.5.1

Sea Level Rise

At a concept level, the FFIRF wharves, as standalone structures, will be designed to include a 35 year
allowance for sea level rise, indicatively of the order of 0.25-0.3m. In addition, the piles will be designed for a
future increase in height of the wharf deck to accommodate the 100 year allowance for sea level rise. This
would be achieved using a lightweight core overlaid with reinforced concrete deck. The future increase in
wharf deck level may be staged in 2 or 3 increments over the next 100 years, and is expected to be refined
with time to allow for updated climate change predictions. A pragmatic approach is to review wharf deck
levels in the 2040s – 2060s. This would be prior to the end of the consent period and design life, allowing the
future adaptive measures to be incorporated in scheduled asset renewal or major repair.
5.5.2

Storm Surge (Extreme Storm Tides) and Wave Overtopping

The sea level rise allowance included in the initial wharf deck height will provide an increased level of
resilience against storm tides and wave overtopping. As shown indicatively in Table 24, overtopping is
expected to be acceptable to the 2050s, with overtopping discharges generally meeting Eurotop guidelines
for protection of buildings, people and vehicles (refer to Section 2.8.2). Provision might need to be made for
building protection from low levels of overtopping flows towards the end of this period.
Table 24: Overtopping volumes for indicative 5.6m CD wharf deck level
Condition

Still Water
Level (mCD)

Overtopping
Mean Discharge
(l/s/m)

Mean High Water
Springs

3.39

<0.1)

Mean High Water
Springs plus
0.28m sea level rise
to 2050

3.67

0.15

50 year ARI storm
tide

4.05

0.4

50 year ARI storm
tide plus
0.28m sea level rise
to 2050

4.33

1.45

5.5.3

Comment

Overtopping discharge < Eurotop guideline of 1 l/s/m
for protection of buildings
Overtopping discharge < Eurotop guideline of 1020l/s/m with clear view of sea and H m0 = 1m for
protection of people
Overtopping discharge < Eurotop guideline of 75l/s/m
with H m0 = 1m for protection of vehicles
Overtopping discharge just exceeds Eurotop guideline
of 1 l/s/m for protection of buildings however this is a
low frequency extreme event
Otherwise as above

Erosion

As explained in Section 2.8.3, the seawall armouring of the city waterfront protects the site against erosion.

Beca // 12 January 2018
3233847 // NZ1-14861405-218 0.218 // page 53

America's Cup 36 Coastal Processes and Dredging Technical Report

5.5.4

Tsunami

As with other locations potentially exposed to tsunami, evacuation plans and public information signs will be
required for the wharves and landside area. From studies to date it appears that the tsunami hazard relates
to regional and distant sources, which provides a window of between approximately 1 hr (regional source)
and 12 hours (distant source) to evacuate the structures (NIWA, 2009; NIWA, 2010; GNS, 2013). The
emergency evacuation plans are addressed in America’s Cup 36: Fire and Evacuation Assessment (Beca,
2018). The situation will be similar to other public areas the Auckland waterfront (e.g. Princes Wharf, Queens
Wharf, Westhaven Marina breakwater).
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6. Dredging
Dredging will be carried out at both the Wynyard Basin and FFIRF sites. The following appraisal is applicable
to both sites.

6.1

Proposed Dredging

The proposed dredging includes areas/depths that have previously been dredged e.g. Wynyard Wharf South
and approaches, as well as capital dredging in the Outer Viaduct Harbour and west of Wynyard Point. The
proposed locations, dredged depths and present depths are shown in Civil Drawings 10 and 14.
The dredging quantities by location are set out in Tables 25a and 25b. The values are measured in situ and
include an allowance for overdredge and sedimentation estimated at 200mm, based on present dredging
practice. Overdredge is a construction tolerance allowed for in order to provide the required navigable depth
for safe vessel movement.
Table 25a: Wynyard Basin dredging quantities
Location

Approximate Dredged Quantity (in situ m3)

Wynyard Wharf South waterspace

15,000

Outer Viaduct Harbour

30,000

Access Channel

30,000

Total

75,000

Table 25b: FFIRF dredging quantities
Location
FFIRF

6.2

Approximate Dredged Quantity (in situ m3)
20,000

Dredged Sediment Characterisation

As set out in in the Golder Associates, 2018, the dredged sediment typically comprises around 60% silt and
clay size particles, with the remainder being sand and gravel. It has a measured settling velocity of
approximately 1.5m/hour at low suspended sediment concentrations, but this could vary up to 4m/hour.
Tables 26a and 26b contain an indicative breakdown of dredging quantities (in situ m3) sites, volumes and
sediment character based on 2017 sediment sampling (Golder Associates, 2018). Disposal is discussed
further in Section 6.6.
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Table 26a: Wynyard Basin breakdown of dredging quantities by character and location
Dredged Sediment

Wynyard Wharf
South
waterspace

Outer Viaduct
Harbour

Access Channel

Total

Dredgings not expected to meet
EPA offshore disposal conditions

5,000

Remaining materials expected to
meet EPA offshore disposal
conditions

10,000

30,000

30,000

70,000

15,000 m3

30,000 m3

30,000 m3

75,000

Total

5,000

Table 26b: FFIRF breakdown of dredging quantities by character and location
Dredged Sediment

FFIRF

Dredgings not expected to meet EPA offshore
disposal conditions

20,000

Remaining materials expected to meet EPA offshore
disposal conditions
Total

6.3

-

20,000

Dredging Operation and Volumes

It is intended that the dredging will be undertaken by a backhoe dredger followed by sweeping (smoothing of
seabed contours in the dredged area by a horizontal bar towed at seabed-level behind a workboat). This is
consistent with past practice for the capital dredging and maintenance dredging at Auckland’s ports and
marinas. The dredging will remove soft sediments (silts, clays, sands, shell) and it is not expected that
removal of undisturbed rock will be undertaken.
Backhoe dredging reduces the amount of water incorporated in the dredged material and the disturbance of
seabed sediment, particularly if full dredging buckets can be achieved during the dredging operation. This in
turn reduces overflowing of surplus water, and associated turbidity, from the transport barges.
The backhoe dredger is mounted on a barge, which is typically 40m in length. It is expected to remain at the
dredging site, except when required to move to shelter by poor weather or to move temporarily to allow
commercial shipping (i.e. tankers berthing at Wynyard Wharf) to pass. Production rates are typically up to
800m3 per 10 hour day.
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The dredging operation is expected to run over approximately a 4-6 month period2. Dredged material will be
transported by hopper barges from the dredged area to the disposal site. The barges are usually 500m3 in
capacity and propelled by a dedicated workboat. They typically operate in a relay system, with between 1
and 3 barge movements per day. Similar equipment undertakes much of the on-going dredging around the
Auckland region for Panuku, POAL and marina operators.
As for other similar dredging operations, a dredging management plan will be prepared. The plan will identify:
Method, quantity and areas of dredging.
Bulk chemistry of proposed dredged sediments.
Notifications to Harbourmaster, POAL Harbour Control, LINZ Hydrographic Office (refer to America’s
Cup 36: Maritime Navigation Safety Report, Navigatus).
Monitoring.
Method and location of disposal site.

6.4

Dredging Effects

This section covers dredging effects related to the release of sediment and dispersion of the sediment
plume. Effects of dredging on the noise environment, water quality and ecology are addressed in America’s
Cup 36 Auckland 2021 Construction Noise and Vibration Assessment (Marshall Day Acoustics, 2018) and
America’s Cup 36: Assessment of Coastal Environmental Effects Associated with the Development of AC36
Facilities (Golder Associates, 2018).
6.4.1

Seabed Sediment Texture

The proposed dredging will remove a layer of sediment from the basins. Based on the results of the studies
and monitoring undertaken for previous dredging, there are not expected to be any significant long term
effects on sediment texture. In each dredging campaign, sediment will be removed from defined areas only.
The areas are presently characterised by muddy surface sediments and will remain so after dredging.
6.4.2
a.

Physical Effects - Release of Sediment
Quantification of Effects: Wynyard Basin Dredging

The physical effects on suspended sediment levels of the proposed dredging have been assessed, based on
the following assumptions:
Dredging of 75,000m3 within a 4 month period (more conservative than 75,000m3 within 6 months).
Use of a backhoe dredger so that the dredged material remains relatively intact.
An average dredging production rate of 800m3 per day over a 10-hour working day.
Hopper barge capacity of 500m3.
The dredged material will be approximately 75% mud i.e. clay/silt particle size (based on average of all
2017 Wynyard Basin samples listed in Golder Associates, 2018) and has a dry density of
approximately 750kg/m3.

Based on 75,000m3 total dredging, average dredging production rate of 800m3/day, gives 94 days dredging.
With the expected 6 working days/week and 4 weeks per calendar month, this gives a duration of 4 months.
This is then expressed as a range up to 6 months to allow for weather, mechanical and operational
interruptions and any delays that have not been identified or defined at this concept/preliminary stage of the
project.
2
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Sources of sediment from the dredging operation that could cause a sediment plume are the backhoe bucket
and overflow from the hopper barge. The plume would be dispersed in the Waitemata Harbour (refer to
Section 6.4.3 for dredging plume dispersion).
As noted above, one of the benefits of backhoe dredging is that disturbed material dislodged from the bucket
largely remains intact and falls back into the dredged area. From monitoring and model studies (Becker et al,
2014), it is estimated that a maximum of approximately 4% of the clay/silt size fraction of the sediment
becomes a passive source that may be dispersed to the far field. On this basis, the instantaneous release
rate of material, Dredger Sr, is:
Dredger Sr (kg/day)

= production rate x dry density x silt/clay fraction x 4%
= 800 x 750 x 0.75 x 0.04
= 18,000 kg/day or 0.5kg/sec

In addition there may be some overflow from the receiving hopper barge as it becomes full. It is estimated
that a maximum amount of about 20% of the clay/silt fraction of the overflowed sediment (Becker et al, 2014)
becomes a passive source of dispersed material. If the hopper barge overflowed for 5 minutes while loading,
the instantaneous release rate of material, Overflow Sr, is:
Overflow Sr (kg/day)

= production rate x dry density x silt/clay fraction x 20% x overflow period / duration
of barge filling
= 800 x 750 x 0.75 x 0.2 x 5 / ((10 x 60) x (500 / 800))
= 1,200 kg/day or 0.03kg/sec

The daily release of dredged sediment into the water column would therefore be:
Daily sediment release = Dredger Sr + Overflow Sr
= 18,000 + 1,200
= 19,200 kg or 19.2 tonnes per 10-hour working day
This is equivalent to 1.2% of the sediment flux per tide in the existing environment (1600 tonnes
approximately every tide, refer to Section 2.8).
The total release of dredged sediment into the water column would be approximately 1800 tonnes. This
compares with 600,000 tonnes of sediment moved into and out of the harbour during this period, based on 2
ebb tide and 2 flood tide movements per day over a 94-day dredging campaign. The sediment released by
the dredging would be less than 1% of the total quantity of sediment flux in the harbour over the period. On a
quantitative basis, therefore, the effects of the dredging would be at a low level, such that they would be
difficult to detect.
b.

Quantification of Effects: FFIRF Dredging

The analysis above is directly scalable for the FFIRF site. 20,000m3 of dredging gives 26 days dredging. The
work would have approximately a 3 week duration, allowing for weather, operational, etc. delays. The daily
sediment release is 19.2 tonnes per 10 hour working day as previously, with a total release over the 26
working days of 500 tonnes. This is less than 1% of the 80,000 tonnes of tidal sediment flux during the
dredging period and as such would be difficult to detect.
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The following section considers the findings of previous studies and the results of monitoring of during
dredging operations.
c.

Results of Previous Studies and Monitoring

The dredging plume study undertaken for the 2001 Rangitoto Channel AEE and the 2007 and 2016 AEEs for
the port maintenance dredging predicted that water quality effects would be localised and temporary, with
increases in suspended solids typically within the range encountered in existing environment (limited to a
maximum increase of 3-5g/m3 within 200m of the dredger). There were not considered to be any significant
adverse effects of the dredging on water quality (Beca, 2001a; Beca 2001e; Beca, 2007; Beca, 2016).
Water quality monitoring during the 2004-2007 Waitemata Navigation Channel dredging did not detect any
exceedances of the suspended solids trigger levels specified by the consent conditions. Aerial photography
of the plume indicated it was localised and dispersed relatively rapidly. Suspended solids levels in the
monitoring samples were generally below detectable limits (Beca, 2007). As a result, the frequency of water
quality monitoring was reduced from fortnightly to monthly and samples were collected as composites rather
than individual samples, with the agreement of Auckland Regional Council (Beca, 2006).
Based on previous studies and monitoring during the works, the effects of Auckland waterfront dredging on
suspended solids levels have been confined to a limited area, and have been short- term and generally
undetectable.
d.

Trigger Levels

Trigger levels for previous dredging, which has been very similar to that proposed for the AC36 project, have
been set at 25g/m3 in agreement with Auckland Regional Council. This value has been determined from,
firstly, the sediment plume analysis documented in Section 6.4.3 and Appendix G. This shows that
concentrations are expected to reduce to 25g/m3 within approximately 110m of the dredging operation.
Secondly, previous trigger levels have been based on monitoring of suspended sediment concentrations
over the past 20 years in the Waitemata Harbour and Rangitoto Channel, and is reflected in consents for
harbour and channel dredging (e.g. consents 24730, 25427). More recent consents have not always
included suspended sediment monitoring because of the high degree to which releases are able to be
acceptably managed by backhoe use, and the sound understanding of the behaviour of suspended sediment
resuspended/released from dredging operations. If however a more conservative approach were taken for
the AC36 dredging because of its location adjacent to public areas such as North Wharf, monitoring could
reasonably adopt the accepted 25g/m3 trigger level. This would be subject to review against results of the
one-off comprehensive monitoring undertaken during the initial phase of the dredging operations.
e.

Conclusion

Water quality (suspended sediment) effects from the proposed dredging will be localised and temporary.
Increases in suspended solids will be less than 1% of the total sediment flux per tide. In addition, dredging
campaigns will have a limited duration and therefore the effects are considered to be less than minor.
Monitoring could reasonably adopt the 25g/m3 trigger level previously accepted by Council subject to review
against initial one-off monitoring. Refer to Assessment of Coastal Environmental Effects Associated with the
Development of AC 36 Facilities (Golder, 2018).
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6.4.3

Dredging Plume Dispersion

An analysis of the sediment plume produced by the dredging operation has been undertaken based on the
parameters above including an initial release of 0.53kg/second and setting velocities of 1.5m/hour and
4m/hour (refer to Section 6.2). The calculation sheet is included in Appendix H. The sediment concentration
in the plume falls by around 75% within 60m of the release point, and by 95% (to ambient sediment
concentration levels) within 210m of the release point. That is, the plume has effectively dispersed within
210m of the site, with the majority of this taking place within the first 60m from the release point.
Deposition of material from the plume reduces from 5-10mm/tidal cycle at 20m to less than 0.3mm/tidal cycle
at 200m from the release point, over the limited plume footprint. With the variation in currents and dredging
locations, the area affected by the plume footprint will vary over time, distributing the deposition (which itself
is fine seabed sediment). The depth of material received by any single location is therefore expected to be
difficult to detect.

6.5

Maintenance Dredging

Maintenance dredging will continue to be covered under the existing dredging consent held by Ports of
Auckland Ltd, Permit 34673, which expires in August 2027. Appendix I includes a copy of this consent and
the Plan of Dredging Areas (Beca, 2007) referred to in the consent. Maintenance dredging is therefore not
included in the consent application and is outside the scope of this report.

6.6

Disposal of Dredged Sediment

6.6.1

Disposal Alternatives

In 1993, the multi-stakeholder Disposal Options Advisory Group (DOAG) was formed to explore options for
future disposal of dredged material in the Auckland area. The process considered public submissions and
technical information in evaluating a number of options. It identified parts of the coastal marine area with
particular values or constraints for the disposal of significant quantities of dredged material before making its
recommendations. The DOAG concluded that the preferred disposal options for disposal of dredged material
are:
For highly contaminated dredged material:
– Use as fill for port reclamation;
– Approved sanitary landfill.
For maintenance dredgings that meet regulatory guidelines and for capital works dredgings:
– Use as fill for port reclamation;
– Marine disposal in water deeper than 100m.
The DOAG recommendations were referenced in the Auckland Council Regional Policy Statement and the
Auckland Council Regional Plan: Coastal. The policies of the Regional Plan: Coastal and the Auckland
Unitary Plan also reflect the physical, biological and recreational issues identified by the DOAG. For
example;
F2. Coastal – General Coastal Marine Zone
F2.2.3. Policies [rcp]
(10) Enable the beneficial use of dredged material in reclamations, including
where stabilised with cement.
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The preference by the DOAG in terms of marine disposal (i.e. marine disposal in water deeper than 100m)
was further reinforced in the Hauraki Gulf Marine Park Act that established the Marine Park.
The primary method for disposal of dredged material since the early 2000s has been re-use in port
reclamation at Fergusson Terminal. The Fergusson Terminal reclamation, however, is nearing capacity.
Independent projects, such as the Westhaven Pile Mooring Redevelopment project, potentially offer
reclamation disposal solutions. It would be subject to this project being granted consent and having a
construction programme that suits the AC36 dredging programme.
6.6.2

Preferred Disposal Methods

The above considerations have been taken into account in determining preferred disposal methods for
dredged material from the AC36 project. The categories of dredged material and methods of disposal are set
out below in order of preference.
For dredgings that meet regulatory conditions (including future maintenance dredgings), which will be
determined from the sediment quality assessment undertaken by Golder Associates (2018):
Re-use as cement-stabilised fill material in consented reclamations. Cement-stabilisation binds
contaminants (other than copper) into the fill material and is generally suitable for dredged material.
Transport distances depend on the reclamation location. For downtown sites, the distance is typically
within 3km. Material is typically barged from the dredging location to the reclamation. Re-use of
dredgings as fill has been widely employed in the 1990s Viaduct Harbour reclamations and in the
Fergusson Terminal reclamation, as noted above.
Disposal to the offshore Northern Disposal Area (NDA), located outside the 12 mile Territorial Seas
limit in water depths of 135-155m. This option is suitable for material that meets the requirements of
the Environmental Protection Agency (EPA) permit for the NDA in terms of sediment quality and
biosecurity. Material is barged to the disposal site, a distance of some 25km. The NDA operator and
permit holder, Coastal Resources Ltd, has confirmed in principle that the expected dredged volume
suitable for offshore disposal (70,000m3) could be accommodated at the site with dredging potentially
occurring over 18 months, subject to EPA sediment quality and biosecurity conditions being met by
the material.
For dredged materials not meeting EPA offshore disposal conditions, which will be determined from the
sediment quality assessment undertaken by Golder Associates (2018):
Re-use as cement-stabilised fill material in consented reclamations, as above.
Disposal to an approved regional landfill, such as Rosedale on Auckland’s North Shore. If the re-use
option is not available then material that does not meet the EPA sediment quality and biosecurity
conditions will need to be disposed of to landfill by truck. The distance to Rosedale from the sites is
approximately 20km.
The estimated quantities of the different categories of dredged material, as given in Tables 18a and18b, are:
Wynyard Basin
Dredged material expected to meet regulatory conditions for offshore disposal: 70,000m3.
Dredged material not expected to meet regulatory conditions for offshore disposal: 5,000m3.
FFIRF
Dredged material expected to meet regulatory conditions for offshore disposal: nil.
Dredged materials not expected to meet regulatory conditions for offshore disposal: 20,000m3.
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7. Mitigation and Monitoring
The proposed mitigation and monitoring described in this assessment is summarised below. This is
applicable to Wynyard Basin and the FFIRF.
A Dredging Management Plan will be prepared for the dredging. The plan will identify:
– Method, quantity and areas of dredging.
– Bulk chemistry of proposed dredged sediments.
– Notifications to Harbourmaster, POAL Harbour Control, LINZ Hydrographic Office (refer to
America’s Cup 36: Maritime Navigation Safety Report, Navigatus).
– Monitoring.
– Method and location of disposal site.
Evacuation plans will be prepared and public information signs installed on the wharf extensions
regarding emergency tsunami response.
The new wharf piles will be designed for a future 1m increase in height of the wharf deck achieved
using a lightweight core overlaid with reinforced concrete deck. The increase in wharf deck level and
wave panel heights may be staged in 2 or 3 increments over the next 100 years, and is expected to
be refined with time to allow for updated climate change predictions. A pragmatic approach is to
review wharf deck levels in the 2040s – 2060s. This would be prior to the end of the consent period
and design life, allowing the adaptive measures to be incorporated in scheduled asset renewal or
major repair.
The proposed wharves and breakwaters include porous wave panels to reduce wave reflection north
of the extensions to Halsey St Extension and Hobson Wharves.
The Hobson Wharf breakwater is included in the project to assist in sheltering the western berths at
the Maritime Museum from wind waves and wake.
Monitoring of wake conditions on the southeastern side of the Maritime Museum basin is proposed:
– Prior to construction to characterise better the existing wave environment; and assist in refining the
understanding of the scale and duration of effects, and developing mitigation measures depending
on the monitoring findings regarding the ambient wave environment.
– After construction to confirm that effects and mitigation are consistent with predictions.
It is anticipated that there will be a temporary increase in wake heights, generally of up to 0.1m. This is
limited to localised areas to the northeast and southwest of the facility. Berthing areas at the FFIRF
should have a better wave sheltering performance than the existing situation along the Halsey St
Extension Wharf and at the ferry berth at Wynyard Wharf. Additional management measures, such as
berthing smaller vessels could be employed on the southern side of the southern FFIRF wharf so that
they are sheltered by the larger vessels on the windward side.
Design and construction of the proposed structures recognises the marine environment
characteristics, for example:
– Corrosion due to chloride attack (a concrete durability consideration, America’s Cup 36 Base
infrastructure Technical Report, Section 5.2 Design Life).
– Fall heights and safety procedures / wharf furniture e.g. ladders, kerbs, buoyancy aids (refer to
America’s Cup 36 Base infrastructure Technical Report, Section 3.4 Wharf Furniture).
– Spills (refer to America’s Cup 36 Base Infrastructure Technical Report, Section 5 Construction
Effects.
It is anticipated that the above mitigation could form the basis for conditions of consent.
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8. Conclusions
8.1

Wynyard Basin
The proposed layout will change tidal currents, basin flushing times, wave/wake reflection and
sedimentation.
The effects of the proposed development on tidal flows and currents are considered to be no more
than minor because of the localised extent and limited actual scale of these changes.
Inner and Outer Viaduct Harbour and Wynyard Wharf South waterspace flushing times are longer but
tend to stay in similar good / fair categories as the existing flushing. The exception is the Lighter
Basin, within the Inner Viaduct Harbour. All the increases are predicted to remain within or better than
the “fair” 240 hour band. Flushing is one of the inputs to the assessment of effects on water quality
that is addressed in America’s Cup 36: Assessment of Coastal Environmental Effects Associated with
the Development of AC36 Facilities (Golder Associates, 2018). The Golder report includes the
description of existing water quality, incorporating the results of recent sampling, a discussion of
water quality considerations and potential consequences, and conclusions regarding the effects of the
proposed development on water quality. The Golder report conclusions, which consider water quality
in relation to the discharge of stormwater, algal growth and overall ecology are summarised below:
– Stormwater discharge and total suspended solids (TSS): TSS concentrations from the Halsey St
stormwater outfall should not result in prolonged water clarity changes within the Inner Viaduct
Harbour, however a very large rain storm event is likely to result in some clarity changes over a
period of 24 hours or more. At the Freemans Bay stormwater outfall beneath North Wharf the
stormwater is untreated and known to have poor clarity at times. Currently, following a period of
mixing, it is likely that some clarity changes will persist off North Wharf and alongside Wynyard
Wharf. Post-development, clarity changes will be expected in this area for a period of at least 24
hours.
– Stormwater discharge and microbiological water quality: overall, no significant changes in
microbiological water quality are expected within the Inner Viaduct Harbour from discharges from
the Halsey St stormwater outfall. Discharge from the Freemans Bay stormwater outfall beneath
North Wharf currently results in poor microbiological water quality in the area of North Wharf and
north along Wynyard Wharf after rain events. Post construction, water quality in the Karanga
Plaza steps area should be considered to be poor quality for 24-48 hours following a rain storm
discharge from the Freemans Bay stormwater outfall. There is on-going work by Auckland Council
and Watercare to address Freemans Bay stormwater outfall quality.
– Algal growth: increase in biomass is not anticipated to be observable to the casual observer.
– Overall ecology: the changes in water movement can potentially influence the composition of
biological communities on basin walls, piles and floating pontoons.
– An Inner Viaduct Harbour Environmental Management Plan should be prepared and implemented,
covering water quality monitoring and management in the Inner Viaduct Harbour.
Recommendations on the plan are set out in the Golder report.
There will be an increase in reflection outside the project area, in Freemans Bay and the Maritime
Museum basin but the increase in wave height is typically less than 0.1m for the recommended (less
reflective) option. Any potential adverse effects relating to this small increase are expected to be
difficult to detect as the sea state is relatively energetic under present conditions.
Sedimentation will increase in the more tranquil basins/harbours, at a similar scale to existing
sedimentation rates. Potential adverse effects are therefore expected to be minor and to be managed
using existing practices in a similar manner to present sedimentation.
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Dredging will create sediment plumes which become more diffuse away from the dredger. Assessment
undertaken for this report and previous dredging have both shown effects from dredging plumes to be
less than minor with localised and temporary increases in suspended sediment estimated to be less
than 1% of the total sediment flux per tide. The depth of material deposited at any single location from
the plume is expected to be undetectable.
Coastal hazards and climate change have been considered for the Wynyard Basin structures and
measures identified to address them.

8.2

FFIRF
The proposed layout will change tidal currents, basin flushing times, wave/wake reflection and
sedimentation.
Changes in tidal currents are relatively small and localised, and any adverse effects are therefore
expected to be minor. Penetration of the ebb tide current into the marina basin provides beneficial
flushing effects.
Under neap tide conditions, which are less effective for flushing and therefore provide a more stringent
test, the proposed development has a negligible effect (0-2% change) or reduces e-folding times
within Westhaven Marina. During both neap and spring tides, e-folding times for most of the marina
remain within the “good” threshold. All results are within the “fair” 240 hour threshold. The Golder
Associates report, America’s Cup 36: Assessment of Coastal Environmental Effects Associated with
the Development of AC36 Facilities, includes a description of existing water quality, a discussion of
water quality considerations including flushing time and potential consequences, and conclusions
regarding the effects of the proposed development on water quality.
It is anticipated that there will be a temporary increase in wake heights, generally of up to 0.1m. This is
limited to localised areas to the northeast and southwest of the facility.
Berthing areas at the FFIRF should have a similar or better wave sheltering performance compared to
the existing situation along the Halsey St Extension Wharf and at the ferry berth at Wynyard Wharf. It
is noted that for the selected site, the potential for improved wave/wake sheltering is limited because
of navigational constraints such as maintaining the vessel transit areas.
Sedimentation will increase in the FFIRF berths, of a similar order to existing adjacent sedimentation.
Given the limited extent of the site and the expected level of sedimentation, this is a less than minor
effect. It will be managed using existing practices, in a similar manner to other areas of Westhaven
Marina.
Dredging will create sediment plumes which become more diffuse away from the dredger. Assessment
undertaken for this report and previous dredging have both shown effects from dredging plumes to be
less than minor with localised and temporary increases in suspended sediment estimated to be less
than 1% of the total sediment flux per tide. The depth of material deposited at any single location from
the plume is expected to be undetectable.
Coastal hazards and climate change have been considered for the FFIRF and measures identified to
address them.
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