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Executive summary

The 36th edition of the Americas Cup (AC36) is proposed to be held in Auckland in 2020-2021 and
facilities are required to accommodate competing teams and spectators and to facilitate the
relocation of industry. Proposed developments include AC36 Base Infrastructure and Event
Infrastructure (referred to as the Wynyard Basin development) and the Ferry and Fishing Industry
Relocation Facility (FFIRF). Tonkin & Taylor Ltd. (T+T) have been commissioned by Panuku
Development Ltd. to investigate the potential effects of the Wynyard Basin development on tidal
flows and water exchange within the Viaduct Harbour and Wynyard Wharf South Waterspace. This
forms an independent check on water exchange modelling carried out by BECA for the same project
and provides a basis for an assessment of water quality effects to be made in the Water Quality and
Ecology report (Golder Associates, 2018).

The Waitematā Harbour is a large tidal estuary situated at the south-western end of Hauraki Gulf.
The harbour extends some 25 km in an east/west direction from the entrance at North Head. The
high tide area of the harbour is 180 km2 and is comprised of extensive intertidal flats and channels.
The Auckland Waterfront is situated on the southern shore of the harbour entrance and comprises
large areas of reclamation with wharves extending into the harbour. Viaduct Harbour is located at in
Freemans Bay between Wynyard Point and Princes Wharf. Wynyard Wharf South Waterspace is
located between Halsey Wharf to the east and Wynyard Point to the west. Further west, and
sheltered by rock armoured breakwaters, are Westhaven Boat Harbour and St Marys Bay.

The main tidal currents within the Waitematā Harbour entrance flow west and east. Peak spring
tide velocities are in the order of 0.8 to 0.9m/s and with neap tide velocities around half these
values. Currents within Freemans Bay are significantly lower, protected by reclamations at Wynyard
Point and Fergusson Wharf. Currents within the Bay vary in velocity and direction depending on
exact location with several eddies occurring as well as tidal flows into and out of the Viaduct
Harbour through the main entrance and beneath Hobson and Halsey Wharves. Within the Viaduct
Harbour currents are irregular but in the outer harbour reach 0.08 m/s during incoming and high
tides and are lower during outgoing and low tides. Within the inner harbour currents are much
lower, typically less than 0.02 m/s indicating very little tidal flow.
The proposed Wynyard Basin development includes widening of the seaward ends of Hobson and
Halsey Wharves (the Western Viaduct), addition of semi-permeable wave panels below Hobson
Wharf, extension of impermeable wharf breakwater from the ends of Hobson Wharf extension to
the east and Halsey Wharf extension to the west and from Wynyard Wharf to the east into the
Wynyard Wharf South Waterspace along with an upgrade to parts of Wynyard Wharf. The Outer
Viaduct Harbour and part of the Wynyard Wharf South Waterspace would be dredged to -5.5m CD.

Assessments on hydrodynamics and water exchange were made using empirical approaches and
criteria set out in the internationally recognised guideline on marina water quality (PIANC, 2008) and
a comparative assessment using the results of an internationally accepted numerical hydrodynamic
model for steady state neap and spring tide conditions (i.e. no variation in tide level from neap to
spring was modelled). Water exchange is good if complete water exchange occurs in 4 days (around
8 tides) and is fair if exchange occurs in 10 days (around 19 tides). Effects of stormwater discharges
were also assessed.
The results are comparative and actual flushing time is highly dependent on selection of model
parameters such as the dispersion coefficient. However, the model does not include the effects of
wind and vessel movements. Both these factors are likely to increase surface currents and induce
turbulence which increase mixing and are likely to improve exchange. Under the proposed
development scenario, all parts of the harbour retain their existing flushing classification of good to
fair, except for under the Viaduct Bridge (Point 9) which changes from ‘good’ to ‘fair’. The main
changes affecting the exchange of water resulting from this proposed development are:
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Wynyard Wharf South Waterspace: the proposal reduces the entrance width and increases
the basin volume by around 8% due to dredging. Tidal flow velocities are reduced by 60%,
though root mean square difference are very small at 0.014 m/s. Basin flushing time remains
relatively constant with an Efolding time (time to exchange 63% of water) of around 1.5 to 2.2
tidal cycles and retains a ‘good’ flushing category.

Outer Viaduct Harbour: the proposal reduces the effective exchange area due to construction
of wave panels beneath Hobson Wharf and modification of the Wynyard Wharf South
Waterspace and increases the basin volume by some 20% by dredging. Tidal flow velocities
are reduced by 25 to 100%, although RMS difference are less than 0.01 m/s indicating very
small net change from the existing situation. Basin flushing time is increased from an Efolding
time of less than one tidal cycle to between 1.4 and 4 tidal cycles and remain ‘good’.

Inner Viaduct Harbour: there are no changes to entrance width or volume within the Inner
Viaduct Harbour. However, changes to the Outer Harbour and the Wynyard Wharf South
Waterspace result in tidal flow velocities being reduced by 6 to 35%. The RMS velocity
differences are less than 0.01 m/s indicating very small net change from the existing situation.
Basin flushing time is increased from an Efolding time of 3.1 to 11.6 tidal cycles to between 5.1
and 16.9 tidal cycles. Near the back of the harbour, this is an increase of 30-40%. The water
exchange generally retains a ‘good’ to ‘fair’ category, although may reduce from ‘good’ to
‘fair’ in outer parts of the inner harbour during neap tides.

Stormwater discharge at the Daldy St outfall show that a small volume of the discharge remains in
the Wynyard Wharf South Waterspace and is transported into the Viaduct Harbour below the Halsey
St Wharf. From here the concentration is slowly reduced as water exchanges. The proposed
Wynyard Basin development more effectively traps this discharge with higher volumes entering the
Viaduct Harbour and longer residence times. Stormwater discharge from a point source at the
Halsey outfall shows similar patterns of longer residence time within the Inner Viaduct Harbour
before discharge flows are flushed into the main Harbour. Actual stormwater effects within the
harbours are likely to be affected by the time of stormwater discharge during the tidal cycle and
preceding rainfall conditions influencing the pollutants that are discharged. These are discussed in
the Ecology and Water Quality Report.
Comparison of Efolding time for specific output locations for typical spring and neap tides

Location
Point

Location
Description

Efolding time1,2 (hours)

Viaduct Entrance

7

Viaduct Bridge

9

Outer Viaduct Harbour

Typical spring tide (3m range)
Existing

6.5

8

13.5

Wynyard Wharf South
Waterspace

10

27.7

Inner Harbour –east end

12

38.5

Proposed
WB Dev

% Change

18.8

+189

63.3

+64

26.5
17.8

Typical neap tide (1.9m range)
Existing

8.0

Proposed
WB Dev

% Change

38.2

+378

38.8

111.5

+187

+96

12.0

-36

21.7

51.3
21.8

+328
0

Inner Harbour –centre

11

50.0

75.7

+51

64.3

126.3

+96

Inner Harbour –Lighter basin

13

100.7

135.8

+35

125.8

188.2

+50

Inner Harbour –south end

1Time

14

47.3

116.7

66.8

146.7

+41
+26

64.5

145.2

127.8
211.8

+98
+46

taken for concentration to permanently drop below 37% of the initial concentration
time of less than 96 hours indicates “good” flushing, 96 – 240 hours indicates “fair” flushing and greater than 240
hours indicates “poor” flushing (PIANC, 2008)
2Efolding
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1

Introduction

The Auckland waterfront between the Auckland Harbour Bridge and Hobson Bay extends some 4.5
km and comprises a mixture of reclaimed land, coastal protection and wharves extending into the
Waitematā Harbour (Figure 1-1). The Viaduct Harbour (refer inset) is located between Wynyard
Point and Princes Wharf and comprises inner and outer harbours separated by a viaduct in line with
Jellicoe St. The entire harbour is lined by vertical concrete seawall and floating pontoons and the
outer harbour is enclosed by Halsey and Hobson Wharves. The Wynyard Wharf South Waterspace is
located between Halsey Wharf and Wynyard Point.

Figure 1-1: Site Location
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The Viaduct Harbour was substantially redeveloped during the late 1990 and early 2000s leading up
to the 29th edition of the America’s Cup in 2003. The 36th edition of the Americas Cup (AC36) is
proposed to be held in Auckland in 2020-2021 and space is required to accommodate competing
teams and spectators and to facilitate the relocation of industry. Proposed developments include
AC36 Base Infrastructure and Event Infrastructure (referred to as Wynyard Basin development) and
the Ferry and Fishing Industry Relocation Facility (FFIRF). The Wynyard Basin development includes:


Widening of the northern section of Hobson Wharf to accommodate one team facility



Extension of the northern section of the existing Western Viaduct 74 m north to
accommodate four team facilities








Extension of a 33 m long wharf breakwater east from Hobson Wharf

Extension of a 44 m long wharf breakwater west of this extension into the Wynyard Wharf
South Waterspace

Improvements of Wynyard Wharf over a 280 m length including infilling of the existing wharf
to accommodate three team facilities

Extension of a wharf breakwater 81 m east of Wynyard Wharf into the Wynyard Wharf South
Waterspace
Various wave panel configurations surrounding the outer Viaduct harbour to reduce or
prevent wave transmission

Dredging within the Outer Viaduct Harbour and offshore of the Viaduct Harbour entrance

These modifications have the potential to affect hydrodynamic processes within the Viaduct Harbour
and the Wynyard Wharf South Waterspace which may in turn have implications on water quality.

1.1

Scope of works

Tonkin & Taylor Ltd. have been commissioned by Panuku Development Ltd. to investigate the
potential effects of these proposed developments on tidal flows and water exchange within the
Viaduct Harbour and the Wynyard Wharf South Waterspace. Specific scope of works includes:
a

b
c
d
e

Review existing water level and current information of the Inner Waitematā Harbour including
data from two ADCP instruments deployed within the Viaduct Harbour for this project.
Review existing bathymetric information and collect of additional information below Halsey,
Hobson and Princes Wharf.
Review existing information on water quality within the Viaduct Harbour and the Wynyard
Wharf South Waterspace and carry out empirical assessment of the flushing characteristics of
the existing environs.
Review of the proposed development and assess likely effects on water exchange based on
relative changes in harbour characteristics (volume, entrance size and flushing time).
Testing of empirical assessments using a high resolution hydrodynamic model developed to
simulate water levels, currents and tidal exchange during spring and neap tide scenarios for
existing and developed scenarios.

This forms an independent assessment on tidal flows and water exchange by Beca (2017). The
output of this report also provides a basis for an assessment of water quality effects to be made in
the Water Quality and Ecology report by Golder Associates (2018). The effects of the proposed
Fishing Industry Relocation Facility on tidal flows within Westhaven Marina not been considered
within this assessment.
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2

2.1

Existing environment
General description

The Waitematā Harbour is a large tidal estuary situated at the south-western end of Hauraki Gulf.
The harbour extends some 25 km in an east/west direction from the entrance at North Head. The
high tide area of the harbour is 180 km2 and is comprised of extensive intertidal flats and channels.
The drowned river valley has been infilled with marine sediments and volcanic protrusions. The
Auckland Waterfront is situated on the southern shore of the harbour entrance that extends from
Point Erin (the Auckland Harbour Bridge) in the west to Hobson Bay in the east.

Although the majority of the Auckland Waterfront has been reclaimed, several large reclamations
extend seaward by up to 500 m from the typical ‘shoreline’. Between the Wynyard Point (Tank
Farm) and Bledisloe Wharf reclamations are several piled wharves and the Viaduct Harbour. The
Viaduct Harbour is located at the back of Freemans Bay between Wynyard Point and Princes Wharf
and comprises inner and outer harbours (Figure 2-1) separated by a viaduct in line with Jellicoe St.
The outer harbour is enclosed by Halsey and Hobson Wharves. The Wynyard Wharf South
Waterspace is located between Halsey Wharf to the east and Wynyard Point to the west. Further
west and sheltered by breakwaters is Westhaven Boat Harbour and St Marys Bay.

Figure 2-1: Wynyard Wharf South Waterspace (top left) located between Wynyard and Halsey Wharves which
also enclose the outer (top right) and inner (lower left and right) Viaduct harbours.

2.2

Existing structures

The majority of this shoreline is protected by coastal structures. These are generally vertical
concrete walls (Figure 2-1, lower right), though some rock revetment line the north and western
extents of Wynyard Point. Several piles wharves including Wynyard, Halsey, Hobson and Princes
Tonkin & Taylor Ltd
AC36 Waterfront Development - Hydraulic Modelling Report
Panuku Development Auckland

January 2018
Job No: 1005128.v5

4
Wharves extend up to 340 m offshore, although both Hobson and Halsey are returned as Viaduct
Wharves to enclose the Viaduct Harbour. Wynyard Wharf runs along the eastern edge of Wynyard
Point, some 15 m offshore. These wharves have dense pile configurations, often with crossmembers at mid tide. While these piles allow significant transmission of waves and tidal flow, some
dampening is expected. Concrete wave panels have been fixed to some of the piles to reduce wave
transmission. These are generally impermeable panels extending to near the seabed (Figure 2-2)
which largely block waves propagation (approx. 80-90%) and restrict tidal flows and some ‘hit and
miss’ panels which are intermittent. Full height panels are located on the seaward ends of Hobson
and Halsey Wharves and along approx.2/3 of the western side of Halsey Wharf. Two draw bridges
span the Viaducts between the inner and outer harbours and a lock maintains water level in the
Lighter Quay waterway, a 90 x 20 m waterway at the back of the Inner Viaduct Harbour (Figure 2-2).

Figure 2-2: Halsey (top left), and Hobson (top right) Wharves, example of impermeable wave panels (middle
left) and Wynyard Wharf (middle right), pedestrian bridge (lower left) and lock to the Lighter Quay waterway
(lower right)
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2.3

Bathymetry

Typical bathymetry along the Auckland Waterfront is shown in Figure 2-3 from published
hydrographic charts (NZ5322). This information shows that depths offshore of the reclamations
rapidly drop to 10m below Chart Datum (CD) with the main channel having a depth of around13 to
14m (Figure 2-3). This increases to over 20 m below the Harbour Bridge where the channel width
decreases. Much of the seabed adjacent to the city wharves is dredged to maintain depths of -4 to 10m CD depending on usage. Data bathymetric data from surveys was the latest supplied by Port of
Auckland (Figure 2-4) and show levels within the Inner Viaduct harbour ranges from -3m to -4.2m CD
and within the outer Viaduct Harbour levels range between -4 to -4.5m CD. A shoal occurs outside
the Viaduct Harbour with depths increasing up to -2.5m CD. While the outer parts of the Wynyard
Wharf South Waterspace are dredged to -10m CD, the inner basin is dredged to -4 to -5m CD.
The more detailed bathymetric data did not extend below the wharf structures. For the purposes of
assessing circulation and wave action, knowing seabed levels below the wharves was important.
Additional data was therefore collected by Kayak on November 23 and 24th 2017 and depths
corrected to CD. Locations and results are presented in Figure 2-4. The results show that depths
range from -1.5 to -3m CD under central parts of Princes Wharf, -3 to -3.5m CD under Hobson Wharf
and -2.5 to -3.5m CD under Halsey Wharf. Based on a visual comparison of the present day
bathymetry with a chart from 1853 (refer Figure 2-5) it is likely these depths were largely natural but
it can be expected that additional shoaling has occurred as a result of sedimentation due to
decreased currents around the wharf piles.

Figure 2-3: Bathymetry of inner harbour (Source: LINZ Hydrographic Chart NZ5322)
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Figure 2-4: Bathymetric model (m CD) of the viaduct harbour and surrounding waters based on Port of
Auckland Bathymetry data and additional points collected below Princes, Hobson and Halsey Wharves (orange
points) and land or impermeable wave panel locations shown as red lines.

2.4

Sediments

The Auckland Waterfront area is underlain by recent marine sediments and Pleistocene sediments of
the Tauranga Group. The recent marine sediments consist predominantly of firm to stiff sandy silt
with significant amount of organic matter. The Pleistocene sediments consist predominantly of stiff
silts with some organic matter. Beneath the sediments, East Coast Bays Formation (ECBF), part of
the local basement Waitematā Group rocks, underlies much of the Urban Auckland area and consists
predominantly of an alternating sequence of siltstone and lithic sandstone.
Analysis by Coastal Consultants NZ Ltd. (2001) finds that the shallow shelf adjacent to the main
channel comprises silty sands with some shell content. More than 30% of the sediment is found to
be finer than 63 microns and 5% shells. Limited sediment sampling within the commercial harbour
area was carried out by Gregory and Thompson (1973) with sediment composition results offshore
of Freemans Bay presented in Table 2-1. The results confirm predominantly very fine sands to muds
in the vicinity of the Freemans Bay.
Table 2-1 Sediment properties in Freemans Bay (Source: Gregory and Thompson, 1973)
Sample No.
175

Sand (%)
18

Silt (%)

38
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Figure 2-5: Overlay of present day bathymetric chart on 1848-185 bathymetric chart
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2.5

2.5.1

Water levels
Tidal levels

The following table sets out commonly used definitions for high tide as measured at the Port of
Auckland tide gauge based on astronomic drivers (i.e. excluding storm surge and atmospheric
drivers). These levels are to Auckland Vertical Datum (AVD) which is 1.743m above CD.
Table 2-2 Predicted high tide water levels at POAL (Stephens et al., 2013 and LINZ, 2017)
Tide level

Level (m CD)

Highest recorded sea level (23/01/2011) – 125 to 200 yr ARI
Highest Astronomic Tide

HAT

Mean High Water Spring (Nautical)

MHWPS

Mean Sea Level

MSL

Mean High Water Neaps
Mean Low Water Neaps

Mean Low Water Springs

2.5.2

4.12

3.70

3.39

MHWN

2.86

MLWN

0.95

1.9

MLWS

Extreme water levels

0.41

Storm surge results from the combination of barometric set-up due to low atmospheric pressure,
and wind stress from winds blowing along or onshore which elevates the water level above the
predicted tide. The combined elevation of the predicted tide and storm surge is known as the stormtide. Stephens et al. (2013) derived extreme sea-level elevations for open-coast locations. The levels
for a range of return periods are shown in Table 2-3, although it should be noted that they do not
include any allowance for wave effects.
Table 2-3 Extreme water levels at the Ports of Auckland (Source: Stephens, et al. 2011)
AEP

39%

Level (m CD)

3.78

ARI

2.5.3

2 yr

Sea level rise

18%

10%

3.86

3.92

5 yr

10 yr

5%

2%

1%

0.5%

3.97

4.05

4.10

4.15

20 yr

50 yr

100 yr

200 yr

Historic sea level rise in New Zealand has averaged 1.7 ± 0.1mm/year (Hannah and Bell, 2012).
Climate change is predicted to accelerate this rate into the future. Sea level rise is likely to
exacerbate the coastal erosion and inundation hazard.

The current MfE (2017) guidelines on climate change provides sea level rise values based around
three RCP scenarios (IPCC, 2014). These are the median projections of the RCP2.6, RCP4.5 and
RCP8.5, and (RCP8.5+) the upper end of the ‘likely range’ (i.e. 83rd percentile) of the RCP8.5
projection. The projections of the potential future scenarios (RCP2.6, RCP4.5, RCP8.5 and RCP8.5+)
adjusted to the New Zealand regional scale shown in Table 2-4 shows the specific values for a 50
year design period.
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Table 2-4 Sea level rise projections from the 1986-2005 baseline for the four emission scenarios
Year

RCP 2.6 M

2065

0.30

RCP 4.5 M
0.33

Note: MSL is the same for both 1986 -2005 and 2006-2011 baselines

2.6

RCP 8.5M

0.41

RCP 83rd %
0.55

Winds

Wind data was available from the historic National Institute of Water and Atmospheric Research
(NIWA) weather gauging station at Mechanics Bay, situated to the east of the Port at 4m above sea
level and covering the period January 1955 to January 1962 (Figure 2-6). This wind rose shows an
east/north east, west/south west bimodal wind climate, with the strongest winds occurring from the
northern to easterly sectors.

Figure 2-6: Wind rose at Mechanics Bay showing wind speed (m/s) and direction based on daily observations
from Jan 1955 to Jan 1962 (Source: CliFlow, NIWA)

2.7

Waves

2.7.1

Vessel wakes

The Inner harbour area is sheltered from swells and waves are generated from persistent winds
acting on the water surface. Freemans Bay is exposed to wind generated waves from the northnorth west to north-east, with the greatest wave heights generated from the north-northwest at
high tides due to the fetch extending into Shoal Bay of around 4km. The remaining fetches are short
(less than 1.5km). Therefore wind generated wave heights are generally low (less than 0.3m), with
extreme significant wave heights in the order of 1.4m in the adjacent main channel with periods
ranging from 3 to 4 seconds.
Waves generates by vessel wake also occur outside and within the Viaduct Harbour. This can be
generated by local vessels and by higher speed ferries passing offshore. These wakes can reach
heights of up to 0.55m with period up to 6 s outside the Viaduct Harbour (Mulgor, 2017) and up to
0.4m inside the Viaduct. Ferry wakes are able to pass from the Ferry Terminal, under Princes and
Hobson Wharf to enter the viaduct harbour from the east (Figure 2-7) and between Hobson and
Halsey Wharf from the north. A characteristic wake, based on recorded data is 0.45m high with a 5 s
period.
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Figure 2-7: Example of ferry arriving at Ferry Terminal with wake wave passing below Princes Wharf and
toward the Viaduct

2.8

Currents

The main tidal currents are generated along the main channel flowing west and east. Measurements
of tidal flow are shown in Figure 2-8 for peak flood and ebb conditions. These figures show the
concentration of flows in the main channel with the formation of small eddies adjacent to the
channel, including the outer parts of Freemans Bay. Peak spring tide velocities in the main channel
were up to 0.8 to 0.9m/s (Figure 2-9) with neap tide velocities around half this. Currents within
Freemans Bay were significantly lower, generally less than 0.02 to 0.04m/s during spring tides, with
peaks up to 0.16m/s.
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Pt 2

Pt 6
Pt 4

Pt 8

Pt 5

Figure 2-8: Measured tidal flows 3 hour before (top) and 3 hours after (below) spring tide with specific output
points indicated in red (Source: R. Vennell, 2015)
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Figure 2-9: Measured and predicted tidal flows at Points 2 and 8 offshore and 4 and 5 within Freemans Bay
(data from Vennell, 2015)

Within the Viaduct Harbour, two ADCP’s were recently deployed during a neap tidal cycle between
24 November and 1 December 2017. These instruments were deployed beneath the Viaduct Bridge
and within the inner harbour. Results show that beneath the bridge currents are typically higher
during incoming and high tides and lower during outgoing and low tides. Currents are irregular but
reach spikes of 0.08 m/s. Within the inner harbour currents are much lower, typically less than 0.02
m/s, and show similar patterns of being slightly higher during high tides.
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Figure 2-10: Results of recent ADCP deployment within the Viaduct Harbour in November 2011.

Results of Mike 21 modelling (Figure 2-11) shows that flow velocities are higher within the outer
Viaduct Harbour and typically East-West during different tidal phases below Halsey and Hobson
Wharves. Currents within the Inner Viaduct harbour are very low but higher during high and ebb
tides, in keeping with the ADCP results.
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HW-6

HW-3

HW+0

HW+3

Figure 2-11: Modelled currents within the Wynyard Wharf South Waterspace and the Viaduct Harbour during a
typical spring tide…
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3

3.1

Proposed modifications
Structure layout

The proposed modifications for the Wynyard Basin development (Figure 3-2) that have the potential
to affect hydrodynamics within the Viaduct Harbour and the Wynyard Wharf South Waterspace
include (as at 21 November, 2017; Option 3.4e):


Extension of semi-permeable wave panels along Hobson Wharf (porosity = 5%)



Widening of the northern end of Hobson Wharf 74m north






3.2

Extension of a 33m long wharf with impermeable wave panels east from Hobson Wharf
Widening of the Western Viaduct Wharf at the end of Halsey Wharf 74 m north
Extension of a 44m wharf with impermeable wave panels west of Halsey Wharf

Extension of an 81m wharf with impermeable wave panels east from Wynyard Wharf.

Bathymetry

Proposed changes to the bathymetry for the proposed Wynyard Basin development included:




Dredging an entrance channel to -5.7 m CD with side slopes of 1(Vertical):9(Horizontal)
compared to the current -2 to -3m CD
Dredging of the outer Viaduct Harbour from -4.1m to -5.7m CD

Dredging of the shallow area at the back of the Wynyard Wharf South Waterspace to -5.7m
CD.

A refinement to the dredging plan on 21 December, 2017 modified the original dredging
requirements to include no dredging of the shoal offshore of the Western Viaduct Wharf.
The depths in the inner Viaduct Harbour are not proposed to change.

Figure 3-1: Proposed dredging associated with the Wynyard Basin development
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3.3

Basin and entrance characteristics

3.3.1

Wynyard Wharf South Waterspace

3.3.2

Outer Viaduct Harbour

3.3.3

Inner Viaduct Harbour

Key changes to the basin and entrance characteristics are described in the following sections and are
summarised in Table 3-1 with location defined in Figure 3-2.
The Wynyard Wharf South Waterspace (WWSW) is currently an open basin of 42,500m2 with an
unconstrained (approx. 210m wide) entrance between Wynyard Point and Halsey Wharf. A second
entrance (approx. 60m wide) into the Outer Viaduct Harbour is located at the base of Halsey Wharf,
though partially constrained by dense piling and shallow water. The proposed changes for the
Wynyard Basin development (WB Dev) would extend the length of the Wynyard Wharf South
Waterspace by extending Halsey Wharf seaward by 74m slightly increasing the total area to
44,200m2. The depth at the landward end of the basin would also be dredged to -5.7m increasing
the overall high tide volume of the basin by some 8%. The main entrance width would be narrowed
to approximately 80m due to the breakwaters extending from both sides.
The outer Viaduct Harbour is a rectangular basin some 61,000m2 in size including the areas beneath
Halsey and Hobson Wharf. The main entrance is 40m wide between the impermeable wave panels
along the outside of Halsey and Hobson Wharves, though some additional flow may occur beneath
the panels. Secondary entrances are a 60m wide entrances at the base of Halsey Wharf and a 160m
wide entrance beneath Hobson Wharf, though both are partially constrained by dense piling and
shallow water. The proposed changes under the Wynyard Basin development would not affect the
basin size as the impermeable wave panels will remain in the same location but would increase the
depth from -4.1 to -5.7 m increasing the high tide volume of the basin by some 21%. The main
entrance width would remain at 40m, though the throat length would slightly increase. Construction
of intermittent wave panels along Hobson Wharf would reduce tidal flows further and the additional
breakwaters in the Wynyard Wharf South Waterspace may reduce flows below Halsey Wharf.
The inner Viaduct Harbour is a complex shape some 75,000m2 in size. Entrances are from the outer
harbour and are unconstrained at 97 and 15m wide. Under the proposed development, no specific
changes to the basin or entrance characteristics are expected, though it is noted that flows into and
out of the Inner Viaduct Harbour travel through the outer Viaduct Harbour and therefore changes to
flow and residence time within the outer harbour may affect the inner.
Table 3-1 Key changes in basin and entrance characteristics used

Harbour section
Viaduct Inner

Viaduct Outer
WWSW

Area (m2)
Existing

WB Dev

VMHWS1 (m3)
Existing

WB Dev

Existing

WB Dev

554,490

181,780

181,780

75,000

75,000

539,250

539,250

42,500

44,160

411,825

445,574

61,000

61,000

456,890

Tidal Prism2 (m3)
223,500
126,650

Total entrance
effective cross
section3 (m2)

Existing

WB Dev

223,500

320

320

131,597

626

238

483

244

Volume within the basin between MHWS and seabed
Volume entering the basin each spring tidal cycle calculated by multiplying the basin area by spring tidal range
3
Entrance cross-section assessed as the width multiplied by the spring tidal range with a multiplier for pile
and/or vessel obstruction. This was 1 for open/unconstructed, 0.7 for piled or permanently berthed vessels and
0.5 for piled and permanently berthed vessels to reflect the reduced flow characteristics.
1
2
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Wynyard Wharf
South Waterspace

Wynyard Wharf
South Waterspace

Figure 3-2: Basin configurations and entrance dimensions for the existing (top) and proposed Wynyard Basin
development (lower)
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4

Assessment of effects

4.1

Relative entrance cross-section

This section examines changes to water exchange based on internationally used and recognised
empirical relationships and numerical models quantifying water exchange. It is noted that the
empirical relationships are based on international observational data and accepted rules-of-thumbs
to provide a first order assessment. Numerical modelling provides a more comprehensive
assessment, but the combination of empirical and model results enables a broader understanding of
potential changes and relative effects.
A reduction in entrance cross-section together with an increase in the basin volume has the
potential to reduce tidal exchange with water levels inside the basin not reaching those outside the
basin during a tidal cycle. This may reduce the total water exchange having implications on residence
time that can have effects on water quality. However, these changes may induce higher velocities
able to penetrate further into the basin improving flushing. PIANC (2008) suggest that the ratio of
basin surface area (A) compared to the cross-sectional area (a), typically needs to be greater than
200 and, ideally, should be at least 400.
Table 4-1 compares the existing basins to the proposed and identifies in green shading those areas
that meet the PIANC minimum ratio. These results show the reductions in entrance cross-sections in
the outer Viaduct Harbour and the Wynyard Wharf South Waterspace to 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 4-1 Comparison of relative entrance cross-sectional area
Basin Area/Entrance cross-section

Basin

Existing

WWSW

Outer Viaduct
Inner Viaduct

WB Dev

% Diff

68

185

172%

234

234

0%

126

250

98%

PIANC (2008) suggests this ratio should be over 200 (shaded yellow) and preferably 400 (shaded green)

4.2

Tidal prism ratio

For good flushing PIANC (2008) recommends that the volume of water entering the basin during the
flood tide (Vtide), compared to the total basin volume at spring high tide (Vharbour) should be at least
0.25, and preferably 0.35. Results (Table 4-2) show that the existing basins have exchanges of 0.31 to
0.41 (combined harbour 0.38) indicating that 30 to 40% of water within the harbour is exchanged
each tidal cycle. The proposed option decreases this ratio by 17.6% in the outer Viaduct Harbour and
by 4% in the Wynyard Wharf South Waterspace due to the dredging to increased depth. These
remain above the minimum 0.25 specified.

Tonkin & Taylor Ltd
AC36 Waterfront Development - Hydraulic Modelling Report
Panuku Development Auckland

January 2018
Job No: 1005128.v5

19
Table 4-2 Comparison of tidal prism ratio
Vtide/Vharbour

Basin

Existing

WWSW

Outer Viaduct
Inner Viaduct

WB Dev

% Diff

0.308

0.295

-3.96%

0.414

0.414

0.00%

0.398

0.328

-17.60%

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

4.3

Basin flushing time

Basin flushing time refers to the time required to reduce an initial pollutant concentration to a
threshold value. Flushing time has historically been the base measure for achieving acceptable water
quality in marina and harbour environments.
PIANC (2008) give a relation for flushing time (Tf), as follows:
=

Where:
Tf
D

=

Vt - Vm =
Vt + Vm =
2Vm
ε

=

−

+2
+

(1 − )

Flushing time (tidal cycles)

Dilution factor (assumed at 5% of initial)

Low tide volume

High tide volume
Tidal prism

=
New water added each cycle, i.e. (1- ε) = amount of return flow, assumed as 1 for
the Wynyard Wharf South Waterspace and the outer Viaduct Harbour and 0.5 m for the
Inner Viaduct Basin.

Results show the various basins having flushing times between 6 and 13 tidal cycles with a combined
time of 10 cycles. The US Environmental Protection Agency (EPA, 1985) recommend water exchange
of a basin in four days as “good” (i.e. around 8 tidal cycles), an exchange of water in ten days as
“fair” (i.e. around 20 tidal cycles), and poor if longer time is required. It is therefore likely that the
outer harbours are good and the Inner Viaduct Harbour fair.
The proposed development increases the flushing time by around 21% in the outer Viaduct Harbour
and 8% in the Wynyard Wharf South Waterspace due to the increased depth of both but these
generally retain ‘good’ flushing times. The flushing time of the inner Viaduct Harbour is not changed
but the new water added each cycle is likely to decrease due to the modified outer harbour regime.
This cannot be accounted for in simple empirical approaches and numerical modelling has been
undertaken to determine this change.
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Table 4-3 Comparison of basin flushing time to reach 5% dilution
Basin flushing time, Tf (tidal cycles)

Basin

Existing

WWSW

Outer Viaduct
Inner Viaduct

WB Dev

% Diff

8.2

8.6

5.0%

12.9

12.9

0.0%

5.9

7.5

27.7%

EPA (1985) recommend a complete water exchange of a basin in eight tidal cycles as “good” (shaded green) and exchange
of water in 8 to 20 tidal cycles as “fair” (Shaded yellow).

4.4

Hydrodynamics

A Mike 21 hydrodynamic model was set up and run for typical spring and neap tide tidal range
conditions for the existing and proposed development situation. The same tide range was run for
the duration of the model rather than the actual situation where tide range increases from neap to
spring tide over time. This is likely to provide worst case results for neap tide conditions and best
case conditions for spring tide. Details of the model set-up and results are included in Appendix A.
Figures may refer to the Wynyard Basin Development as Option 3.4e and these terms should be
used interchangeably.

Result of Mike 21 hydrodynamic modelling (Figure 4-1) show that by closing off the flow path below
Hobson Wharf and limiting flow into the Wynyard Wharf South Waterspace, current speeds within
the Viaduct Harbour during spring tide conditions are reduced (Figure 4-3, Table 4-4). This is due to a
combination of a reduced entrance with and deeper water. Within the Outer Harbour differences in
mean current speed are 25-50% during Spring tides and 50-67% during neap tides. However, RMS
(root mean square) differences are less than 0.01 m/s indicating very small actual changes. Likewise
for the Inner Viaduct Harbour, differences in mean current speed are less than 30%, but RMS
differences are less than 0.01 m/s indicating very small actual changes (likely undetectable from
background turbulence).
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Existing

Wynyard Basin Development

HW-3

HW+0

HW-3

HW+0

HW+3

HW+3

HW+6

HW+6

Figure 4-1: Comparison of currents and water levels for the existing (L) and proposed Wynyard Basin
development (R) during typical spring tide conditions
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Figure 4-2: Output locations within the model domain

Figure 4-3: Comparison of current velocity at selected locations during typical spring tide
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Table 4-4 Comparison of mean current speed for the existing and the proposed Wynyard Basin
development during typical spring tide conditions
Location

Mean current speed (m/s)

% Difference in
Mean current

1

0.601

0.603

0.32%

3

0.618

0.617

-0.16%

2
4
5
6
7
8
9

10
11
12
13
14

Existing
0.578
0.454
0.081
0.041
0.069
0.038
0.030
0.018
0.013
0.001
0.004
0.001

Wynyard Basin
Development
0.573
0.457
0.146
n/a

0.053
0.016
0.023
0.010
0.009
0.001
0.004
0.001

-0.85%
0.66%
80.3%
n/a

-23.2%
-57.9%
-23.3%
-44.4%
-30.8%
-0%
-0%
-0%

RMS
difference
(m/s)
0.005
0.011
0.004
0.016
0.090
n/a

0.079
0.028
0.011
0.014
0.007
0.001
0.003
0.000

Table 4-5 Comparison of mean current speed for the existing and the proposed Wynyard Basin
development during typical neap tide conditions
Location

Mean current speed (m/s)

% Difference in
Mean current

1

0.40

0.40

0.25%

3

0.41

0.41

-0.18%

2
4
5
6
7
8
9

10
11
12
13
14

Existing
0.39
0.29
0.06
0.02
0.06
0.03
0.02
0.02
0.01
0.00
0.00
0.00

Wynyard Basin
Development
0.39
0.29
0.10
n/a

0.03
0.01
0.01
0.01
0.01
0.00
0.00
0.00

Tonkin & Taylor Ltd
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-0.36%
-0.15%
66.7%
n/a

-50.0%
-66.7%
-50.0%
-50.0%
0%
0%
0%
0%

RMS
difference
(m/s)
0.008
0.008
0.006
0.012
0.052
n/a

0.051
0.022
0.014
0.013
0.008
0.006
0.011
0.001
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4.5

Residence time

Residence time describes the length of time that individual water particles may remain within a
system. This may vary within a water body, with parts of the body exchanging water more rapidly
and other parts more slowly. This is difficult to evaluate empirically for complex configurations such
as the Viaduct Harbour and has been investigated using a numerical model.

Results (Table 4-6 and Appendix A for full results) indicate that for the existing situation, the time of
water to achieve complete exchange within the Wynyard Wharf South Waterspace is around two
tidal cycles, within the Outer Viaduct Harbour is around 5 tidal cycles and within the Inner Viaduct
Harbour is greater than 10 tidal cycles. Within the upper parts of the inner Viaduct Harbour, low
residual concentration remains after 20 tidal cycles. This is a function of the low current velocities in
this area and the long distance between this location and open water.
Table 4-6 Comparison of relative concentration during existing and proposed developed scenarios
during typical spring tide
Existing

Low Tide number 0
Simulation time 1.0 hours

Low Tide number 1
Simulation time 12.4 hours
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Low Tide number 0
Simulation time 1.0 hours

Low Tide number 1
Simulation time 12.4 hours
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Existing

Wynyard Basin Development

Low Tide number 4
Simulation time 49.1 hours

Low Tide number 4
Simulation time 49.1 hours

4.5.1

Low Tide number 8
Simulation time 98.1 hours

Low Tide number 8
Simulation time 98.1 hours

Low Tide number 20
Simulation time 232 hours

Low Tide number 20
Simulation time 232 hours

E-folding time

This approach calculates the time taken for a contaminant introduced into a uniformly mixed body
to achieve a desired dilution level. The relative concentration can be described by the following
relationship (Li, 2000):
( )=
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Where:
C(t)

=

Q

=

C0
V

Tf

=

=

Concentration at time, t

Initial concentration

Exchange volume (tidal prism)
Harbour volume (at high tide)

Flushing time (V/Q)

Based on this equation, at the flushing time (Tf=V/Q), approximately 63% of the contaminant will
have been removed from the system (Figure 4-4), this is the Efolding time and has been used to
determine the flushing time, Tf.

Figure 4-4: Figure showing the E-folding time (source Li, 2010)

Assessment of relative concentration over time for a typical spring tide (Figure 4-5) and spring and
neap tides (Table 4-7) shows that within the Wynyard Wharf South Waterspace (location 10) the
concentration under the existing situation reduces very rapidly, having an Efolding time of 1.7 to 2.2
tidal cycles for neap and spring tides respectively. This increases with the proposed development to
1.4 to 1.7 tidal cycles. The reason for this decrease in Efolding time is attributed to the specific
location selected with a slightly different circulation regime. The majority of the Wynyard Wharf
South Waterspace is likely to have a slightly longer Efolding time but still likely less than three tidal
cycles.
Within the Outer Viaduct Harbour (location 7, 8), the existing Efolding time is similarly less than one
tidal cycle for both spring and neap cases, increasing to 1.5 to 4 tidal cycles with the proposed
development. Within the Inner Harbour (locations 11, 12, 13 and 14) the existing Efolding time is
relatively slow at between 3.8 and 9.3 tidal cycles for spring tidal conditions and 5.1 to 11.6 tidal
cycles for neap tide conditions. The oscillatory nature of the concentration represents some of the
original water being moved out of the system during an ebb tide and then re-entering on the next
incoming tide. These increase for the proposed developed scenario to 5.3 to 11.7 tidal cycles during
spring tide conditions (26 to 51% increase) and 10.1 to 16.9 tidal cycles during neap tide conditions
(46 to 98% increase). In reality, neap tides would not persist over this during (i.e. tides would
become larger as they transition towards spring tides) and so these results are likely overconservative.
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Overall water exchange all parts of the harbour except the upper parts of the Inner Harbour (points
13 and 14) can be termed ‘good’ based on PIANC (2008) guidance (i.e. exchange in less than 4 days
or 96 hours). These upper parts can be termed ‘fair’ (exchange in 4 to 10 days or 96 to 240 hours).
Under the proposed development scenario, all parts of the harbour retain their existing flushing
classification of good to fair, except for points 9, 11 and 12 in the Inner Harbour which changes from
‘good’ to ‘fair’.
It should be noted that all results are comparative and actual flushing time is highly dependent on
selection of model parameters such as the dispersion coefficient (refer sensitivity testing, Appendix
A). The actual implications of the residence time in terms of water quality under existing and
proposed developed scenarios are discussed in the Ecology and Water Quality Reports.
Table 4-7 Comparison of Efolding time for specific output locations for typical spring and neap
tides

Location
Point

Location
Description

Efolding time1,2 (hours)

Viaduct Entrance

7

Viaduct Bridge

9

Outer Viaduct Harbour

Typical spring tide (3m range)
Existing

6.5

8

13.5

Wynyard Wharf South
Waterspace

10

27.7

Inner Harbour –east end

12

Inner Harbour –centre

Inner Harbour –Lighter basin
Inner Harbour –south end

1Time

38.5

Proposed
WB Dev

18.8
26.5
63.3
17.8

%
Change

+189

Typical neap tide (1.9m range)

Existing

8.0

38.2

+378

38.8

111.5

+187

+96

12.0

-36

21.7

+64

Proposed % Change
WB Dev
51.3
21.8

+328
0

11

50.0

75.7

+51

64.3

126.3

+96

13

100.7

135.8

+35

125.8

188.2

+50

14

47.3

116.7

66.8

146.7

+41
+26

64.5

145.2

127.8
211.8

+98
+46

taken for concentration to permanently drop below 37% of the initial concentration
time of less than 96 hours indicates “good” flushing, 96 – 240 hours indicates “fair” flushing and greater than 240
hours indicates “poor” flushing (PIANC, 2008)
2Efolding
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Figure 4-5: Comparison of relative concentration (C/C0) for the existing and proposed developed scenario
during a typical spring tide
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4.6

Stormwater considerations

Water quality within a harbour is dependent on the pollutants which may enter the water body,
their reactions over time and flushing from the body. Much of the combined sewers were separated
and the remaining combined areas were re-routed from the Viaduct Harbour prior to the 2000 redevelopment and defence of the Americas Cup. However, stormwater from the Freemans Bay subcatchment discharges in the SW corner of the Wynyard Wharf South Waterspace through the Daldy
St outfall and smaller volumes of local stormwater discharge into the Inner Viaduct Harbour through
an outlet along Halsey St. Flow from point sources at the Daldy St outfall and Halsey outfall have
been modelled under the existing and proposed development scenarios to observe the movement,
dilution and fate of flows over time.
Results for a relative assessment modelling 200 l/s of discharge from the Daldy St outfall over 24
hours (Table 4-8) show that rather than being flushed offshore into the main Waitemata Harbour
channel, a small volume of the discharge remains in the Wynyard Wharf South Waterspace and is
transported into the Viaduct Harbour below the Halsey St Wharf. From here the concentration is
slowly reduced as water exchanges. The proposeddevelopment more effectively traps this discharge
with higher volumes entering the Viaduct Harbour and longer residence times.

Modelling 100 l/s of discharge from the Halsey outfall over 24 hours shows similar patterns of longer
residence time within the Inner Viaduct Harbour before discharge flows are flushed into the main
Waitemata Harbour.
Actual stormwater effects are likely to be affected by the time of stormwater discharge during the
tidal cycle and preceding rainfall conditions influencing the pollutants that are discharged. These are
discussed in the Ecology and Water Quality Report by Golder.

Table 4-8 Comparison of discharge fate from Daldy St outfall for existing and proposed developed
scenarios during a typical spring tide
Existing

Simulation time 12 hours
Initial concentration 1000 g/l/s
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Existing

Simulation time 48 hours
Initial concentration 1000 g/l/s

Wynyard Basin Development

Simulation time 48 hours
Initial concentration 1000 g/l/s

Table 4-9 Comparison of discharge fate from Halsey St for existing and proposed developed
scenarios during a typical spring tide
Existing

Wynyard Basin Development

Simulation time 12 hours
Initial concentration 1000 g/l/s

Simulation time 12 hours
Initial concentration 1000 g/l/s

Simulation time 48 hours
Initial concentration 1000 g/l/s

Simulation time 48 hours
Initial concentration 1000 g/l/s
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Appendix A:

Mike21 High Resolution
Hydrodynamic Modelling

1

Introduction

2

Model software

To assess the effects of the proposed Wynyard Basin development on tidal flushing within the
Viaduct Harbour and Wynyard Wharf South Waterspace a hydrodynamic model was developed to
predict water level, current speed and velocity for spring and neap tide conditions. Advectiondispersion modelling was carried out in conjunction with the hydrodynamic modelling to determine
the residence times of water particles within the Basins.
Mike by DHI’s two-dimensional Mike 21 Flow Model has been used for this model build. The
software is an internationally accepted model for applications within oceanographic, coastal and
estuarine environments.
The hydrodynamic module (HD) of Mike 21 solves the two-dimensional shallow water equations
over a structured grid. The advection-dispersion module (AD) of Mike 21 calculates resulting
transport of introduced contaminants based on the flow conditions found in the hydrodynamic
calculations.
The HD and AD modelling parameters are detailed in the next section.

3

3.1

Model parameters

Model extents and bathymetry

Figure 3-1 shows the extent of the model and the active model domain (i.e. part of the model extent
that is included in the hydrodynamic calculations) covers an area of approximately 1.5km2.
Snapshots of the model domain are illustrated in Figure 3-2 and Figure 3-3.

The model domain was constructed using New Zealand Transverse Mercator (NZTM) project and to
a reduced level (RL) equal to the Chart Datum (CD). Bathymetry for the existing scenario was derived
from data supplied by Port of Auckland and additional measured survey points underneath the
wharves in November 2017. The existing waves panels along Halsey Wharf and Hobson Wharf have
been set to land (i.e. excluded from the active model domain) to represent the impermeability of the
wave screens. Refer to Figure 3-2 for a snapshot of the existing model bathymetry.
The following changes have been made to the bathymetry for the Wynyard Basin scenario (Scenario
3.4e, refer to Figure 3-3);



Proposed wave panels have been represented as a series of impermeable land cells within the
model domain
Modification to the bathymetry values in the Wynyard Wharf South Waterspace and Outer
Viaduct harbour to represent the proposed dredging.

Section 2.3 and Section 3.2 provide detailed information regarding the existing bathymetry and
developed bathymetry used in the mode.

The model domain has been has been rotated by an angle of 18° anti-clockwise to align the
shoreline and main channels and entrances to the horizontal axis. A rectangular grid of 5m by 5m
Tonkin & Taylor Ltd
AC36 Waterfront Development - Hydraulic Modelling Study - Appendix A
Panuku Development Auckland

January 2018
Job No: 1005128.v5

5
was applied throughout the model domain and this grid resolution represents the area of interest in
sufficient detail.

3.2

Boundary Conditions

Boundary conditions were specified for two separate areas within the model domain. These included
the Eastern boundary running along the edge to the North of the Bledisloe Container terminal and
the Western boundary which is to the North of the Wynyard Wharf. The Northern extent of the
model domain has been closed off (i.e. no boundary condition applied) to avoid issues with
unrealistic tidal currents. Figure 3-1 shows the model domain and the model boundary conditions.
Water levels have been used to represent both East and West open boundaries. The 2014 Ports of
Auckland predicted tidal levels corresponding to measured ADCP current data have been used to
generate the water level boundary conditions applied in the model for a 4-day spring tide and neap
tide (approximately 7 tidal cycles). Water levels on either boundary have been offset to simulate the
propagation of the tidal wave into the Wiatemata Harbour and generate the observed East-West
currents. Comparisons of results with measured ADCP current data is presented in Section 6.4.

Figure 3-1: Model Extent and boundaries
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Figure 3-2: Model bathymetry for existing scenario

Figure 3-3: Model bathymetry for proposed Wynyard Basin development scenario (Option 3-4e)
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3.3

Bed Resistance

Bed resistance is the hydraulic roughness experienced by flow within the model domain. Roughness
typically includes drag on bedforms (form resistance) and shear forces on the bed (skin friction). Bed
resistance was specified by Manning M numbers (the inverse of Manning n). A constant bed
resistance value of 23.3 m1/3/s was applied throughout the model domain and a bed resistance value
of 6.7 m1/3/s was applied to represent piled wharves (refer to Figure 3-4).

Figure 3-4: Modelled roughness (M=6.7 for areas with piled wharves and M=23.3 for remaining area within the
model domain)

3.4

Advection-Dispersion

Advection describes mass transport due to the flow of water and dispersion occurs due to
mechanical dispersion (localised variations in water velocity) and diffusion (due to concentration
differences). These dispersive processes occur on a scale smaller than the model grid and as such are
parameterised.
The AD module has been used to investigate the residence time of water in the Viaduct by
measuring the reduction in concentration of a tracer that was initially spread uniformly throughout
the Wynyard Basin and Viaduct Harbour. Figure 3-5 indicates the extent to which the initial
concentration (1000 mg/l) has been applied in the model domain. The concentration reduces with
time due to the tidal currents from the Waitemata Harbour.
A dispersion coefficient of 0.15m2/s has been applied in the model based on model guidance and
coefficients used within previous similar studies. While this study has been for comparative
purposes, sensitivity analysis was carried out using dispersion coefficients values of 0.05m2/s and
0.50 m2/s (refer Section 5.5).

3.5

Additional parameters

Eddy viscosity represents the effective shear stresses in the momentum equation due to turbulence,
sub-grid scale fluctuations and vertical integration. A constant flux based eddy viscosity 0.16m2/s has
been applied for the model domain.
Flooding and drying was enabled in the model to represent features which are above water level at
low tide. Simulations were run using a drying depth of 0.02 m and a flooding depth of 0.03 m.
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Figure 3-5: Extent of model domain where initial concentration is applied (in red)

4

4.1

Comparison with collected data
Offshore current data

Offshore current data has been collected by Port of Auckland at specific locations within the
Waitemata Harbour entrance and along the Auckland waterfront. Comparison with model results
(Figure 4-2) indicates that the model is slightly over-predicting measured velocity magnitude
offshore but matching direction well. Inside Freemans Bay the situation is complicated by the
development of eddies meaning slight differences in measured and modelled position with respect
to the eddies can greatly influence comparison. In general, the model is representing the
development of eddies inside Freemans Bay (Figure 4-3) and general velocity and directions trends.
Velocity fluctuations evident in the modelled data (Points 5 and 6 in Figure 4-2) may be due to the
movement of eddies caused by high velocities and turbulent flow running between Bledisloe and
Wynyard wharves (Figure 4-3). ADCP data measured using a mobile vessel would not have detected
such variance.
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Figure 4-1: Result output locations within the model domain
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Figure 4-2: Comparison of modelled (blue) and measured (red) velocities during Spring tide for locations in Waitemata Harbour and Freemans Bay
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Figure 4-3: Comparison of measured (left) and modelled (right) velocities for the Waitemata Harbour and Freemans Bay
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4.2

Viaduct Harbour

Comparison of the modelled velocities with the measured ADCP data within the Viaduct Harbour (at
locations 9 and 13) is provided in Figure 4-4.

Figure 4-4 Comparison of modelled (blue) velocities with measured ADCP data (yellow) within the Viaduct
Harbour

4.3

Model verification

Overall the comparison between modelled and measured data is satisfactory to undertake a
comparative assessment of residence time within the Viaduct Harbour and Wynyard Basin for
existing and proposed changes. Improved calibration would likely require a larger harbour-wide
model to more accurately simulate current direction through the Waitemata Entrance. This is
planned using the DHI region-wide model.
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5

Results

5.1

Hydrodynamics

Detailed result snapshots from the hydrodynamic modelling are presented in this section. These are discussed in detail in the Sections 4.4 to 4.6 in the main
report.
Existing

Wynyard Basin Development

Speed difference (Existing minus WB Dev

HW-3

HW+0

HW+3

HW+6
Figure 5-1 Comparison of spring tide currents and water levels for the existing (L) and proposed Wynyard Basin development scenario (R)
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Existing

Wynyard Basin Development

Speed difference (Existing minus WB Dev

HW-3

HW+0

HW+3

HW+6
Figure 5-2 Comparison of neap tide currents and water levels for the existing (L) and proposed developed scenario (R)
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Table 5-1 Comparison of mean current speed for the existing and proposed developed scenario
3.4e during spring tide
Location
1
2
3
4
5
6
7
8
9

Mean current speed (m/s)
0.601

Proposed 3.4e

% Difference of
mean currents

0.603

0.618

0.573

0.32%

0.617

-0.85%
-0.16%

0.011

0.66%

0.016

Existing
0.578
0.454
0.081
0.041
0.069
0.038
0.030

0.457
0.146

80.3%

n/a

n/a

0.016

-57.9%

0.053
0.023

RMS
difference of
currents (m/s)

0.005

0.004

0.090
n/a

-23.2%

0.079

-23.3%

0.011

0.028

10

0.018

0.010

-44.4%

12

0.001

0.001

-0%

0.001

-0%

0.000

11
13
14

0.013
0.004
0.001

0.009
0.004
0.001

-30.8%
-0%

0.014
0.007

0.003

Table 5-2 Comparison of mean current speed for the existing and proposed developed scenario
3.4e during neap tide
Location
1
2
3
4
5
6
7
8
9

Mean current speed (m/s)

Existing

Proposed 3.4e

% Difference of
mean currents

0.40

0.40

0.25%

0.39

0.39

-0.36%

0.008

0.41

-0.18%
-0.15%

0.012

0.41
0.29
0.06
0.02
0.06
0.03
0.02

0.29
0.10
n/a

66.7%
n/a

RMS
difference of
currents (m/s)

0.008

0.006
0.052
n/a

0.03

-50.0%

0.051

0.01

-50.0%

0.014

0.01

-66.7%

0.022

10

0.02

0.01

-50.0%

0.013

12

0.00

0.00

0%

0.006

11
13
14

0.01
0.00
0.00

0.01
0.00
0.00
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0.008
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Figure 5-3: Comparison of spring tidal currents for the existing and proposed developed scenario 3.4e
Neap tide
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Figure 5-4: Comparison of neap tidal currents for the existing and proposed developed scenario 3.4e
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5.2
Table 5-3:

Basin residence time
Comparison of concentrations for the existing and proposed developed scenario – spring tide

Existing

initial concentration (1000 mg/l)

Wynyard Basin Development

Low Tide number 0 - simulation time 1.0 hours

Low Tide number 2 - simulation time 24.5 hours
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Existing

Wynyard Basin Development

Low Tide number 4- simulation time 49.1 hours

Low Tide number 6 - simulation time 73.6 hours

Low Tide number 8 - simulation time 98.1 hours
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Existing

Wynyard Basin Development

Low Tide number 10 - simulation time 122.6 hours

Low Tide number 15 - simulation time 182.8 hours

Low Tide number 20 - simulation time 232.0 hours
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Table 5-4:

Comparison of concentrations for the existing and proposed developed scenario – neap tide

Existing

initial concentration (1000 mg/l)

Wynyard Basin Development

Low Tide number 0 - simulation time 1.0 hours

Low Tide number 2 - simulation time 24.5 hours
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Existing

Wynyard Basin Development

Low Tide number 4- simulation time 49.1 hours

Low Tide number 6 - simulation time 73.6 hours

Low Tide number 8 - simulation time 98.1 hours
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Existing

Wynyard Basin Development

Low Tide number 10 - simulation time 122.6 hours

Low Tide number 15 - simulation time 182.8 hours

Low Tide number 20 - simulation time 232.0 hours

Tonkin & Taylor Ltd
AC36 Waterfront Development - Hydraulic Modelling Study - Appendix A
Panuku Development Auckland

January 2018
Job No: 1005128.v5

25

Figure 5-5 Comparison of relative concentration (C/C0) for the existing and proposed Wynyard Basin development scenario for typical spring tide
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Figure 5-6 Comparison of relative concentration (C/C0) for the existing and proposed Wynyard Basin development scenario for neap typical tide
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Table 5-5 Comparison of relative concentration for specific output locations for typical spring tide
Location

Concentration after 8 tidal
cycles (C/C0)

Concentration after 20 tidal
cycles (C/C0)

Efolding time1 (hours)

Existing

Existing

Existing

“Good” flushing < 0.37

7

0.00

9

0.13

8

0.03

10

0.01

0.01

27.7

0.02

0.05

0.61

13.5

0.05

0.01

0.11

0.06

6.5

0.02
0.04

0.02

0.54

0.47

0.01

0.00

0.20

0.40

14

0.25

Proposed
WB Dev

0.00

0.28

0.10

13

0.00

0.06

0.16

12

0.04
0.12

0.04

11

1Time

Proposed
WB Dev

”Fair” Flushing < 0.37

0.12

taken to reach 37% of the initial concentration (last intersection of 37% line)

38.5
50.0
47.3

100.7
116.7

Proposed
WB Dev

18.8
26.5
63.3
17.8

%
Change

+189
+96
+64

-36

75.7

+51

135.8

+35

66.8

146.7

+41
+26

Table 5-6 Comparison of relative concentration for specific output locations for typical neap tide
Location

Concentration after 8 tidal
cycles (C/C0)

Concentration after 20 tidal
cycles (C/C0)

Efolding time1 (hours)

Existing

Existing

Existing

“Good” flushing < 0.37

7

0.00

9

0.18

8
10
11
12
13
1Time

14

0.03
0.06
0.24
0.19
0.52
0.60

Proposed
3.4e

”Fair” Flushing < 0.37

0.16

0.00

0.41

0.03

0.22
0.11
0.49
0.48
0.71
0.77

0.01
0.01
0.04
0.02
0.10
0.12

Proposed
3.4e

0.04
0.06

12.00

0.03

21.70

0.13
0.16
0.13
0.26
0.29

taken to reach 37% of the initial concentration (last intersection of 37% line)

Tonkin & Taylor Ltd
AC36 Waterfront Development - Hydraulic Modelling Study - Appendix A
Panuku Development Auckland

8.00

Proposed
3.4e

38.20
51.30

%
Change

+378
+328

38.80

111.50

64.30

126.30

+96

125.80

188.20

+50

64.50

145.20

21.80

127.80
211.80

+187

0

+98
+46
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5.3

Contaminant point sources

Flow from point sources at the Daldy St outfall and Halsey outfall have been modelled under the existing and proposed development scenarios to observe
the movement, dilution and fate of flows over time. Results for a relative assessment modelling 200 l/s of discharge from the Daldy St outfall over 24 hours
and 100 l/s of discharge from the Halsey outfall over 24 hours shows are presented below.
Table 5-7:

Fate of discharge from Daldy St outfall with an initial concentration (1000 mg/l)

Existing

Wynyard Basin Development

Mid Tide number 1 - simulation time 3 hours

High Tide number 1 - simulation time 6 hours
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Existing

Wynyard Basin Development

Low Tide number 2 - simulation time 12 hours

Low Tide number 3 - simulation time 24 hours

Low Tide number 4 - simulation time 48hours
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Figure 5-7 Comparison of relative concentration (C/C0) for the existing and proposed Wynyard Basin developed scenario for Daldy St outfall discharge
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Table 5-8:

Fate of discharge from Halsey St outfall

Existing

initial concentration (1000 mg/l)

Wynyard Basin Development

Mid Tide number 1 - simulation time 3 hours

High Tide number 1 - simulation time 6 hours
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Existing

Wynyard Basin Development

Low Tide number 2 - simulation time 12 hours

Low Tide number 4 - simulation time 48hours

Low Tide number 8 - simulation time 96 hours
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Figure 5-8 Comparison of relative concentration (C/C0) for the existing and proposed Wynyard Basin developed scenario for Halsey St outfall discharge
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5.4

5.4.1

Sensitivity

Dispersion coefficient

A dispersion coefficient of 0.15m2/s has been applied in the model based on model guidance and
coefficients used within previous similar studies. While this study has been for comparative
purposes, sensitivity analysis was carried out using dispersion coefficients values of 0.05m2/s and
0.50 m2/s (refer Section 5.2). Results from the sensitivity analysis; presented in Figure 5-9, show the
change in concentration to be relatively sensitive to the selected dispersion coefficient, particularly
within the Inner Viaduct Harbour where changes in the dispersion coefficient may change the
Efolding time considerable. Additional field investigations such as dye tracer studies may enable this
parameter to be refined.
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Figure 5-9 Comparison of relative concentration (C/C0) for dispersion coefficients of 0.05, 0.15, 0.5 for spring tides
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