13
BEHAVIOUR OF
SEDIMENT AFTER
MAINTENANCE
DISPOSAL

LYTTELTON
HARBOUR/WHAKARAUPŌ
CHANNEL DEEPENING
PROJECT
Numerical modelling of sediment
dynamics at proposed offshore
maintenance disposal grounds

Prepared for Lyttelton Port Company Limited (LPC)

PO Box 441, New Plymouth, New Zealand
T: 64-6-7585035 E: enquiries@metocean.co.nz

A13 - 1

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

MetOcean Solutions Ltd: P0201-04
August 2016
Report status
Version

Date

Status

Approved by

RevA

05/08/2016

Draft for internal review

Weppe

RevB

08/08/2016

Draft for client review

Beamsley

RevC

08/08/2016

Updated draft for client review

Beamsley

Rev0

21/09/2016

Approved for release

Beamsley

It is the responsibility of the reader to verify the currency of the version number of this
report.
The information, including the intellectual property, contained in this report is
confidential and proprietary to MetOcean Solutions Ltd. It may be used by the
persons to whom it is provided for the stated purpose for which it is provided, and
must not be imparted to any third person without the prior written approval of
MetOcean Solutions Ltd. MetOcean Solutions Ltd reserves all legal rights and
remedies in relation to any infringement of its rights in respect of its confidential
information.

PO Box 441, New Plymouth, New Zealand
T: 64-6-7585035 E: enquiries@metocean.co.nz

A13 - 2

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

TABLE OF CONTENTS

1.
2.
3.

4.
5.

6.
7.

Introduction.............................................................................................................. 6
Methods .................................................................................................................. 8
Results .................................................................................................................. 16
3.1. Wave effects ............................................................................................... 16
3.1.1. Existing versus Stage Two channel ............................................ 17
3.1.1. Sensitivity testing the erosion parameter .................................... 22
3.1.2. Separate and combined effects of the proposed capital and
maintenance grounds ............................................................................. 22
3.1.3. Proposed maintenance ground and existing Godley Heads
ground 30
Sensitiivity testing .................................................................................................. 33
Annual morphological simulations.......................................................................... 35
5.1.1. Separate and combined effects of the proposed capital and
maintenance grounds ............................................................................. 35
5.1.2. Proposed maintenance ground and existing Godley Heads
ground 41
Summary ............................................................................................................... 45
References ............................................................................................................ 46

MetOcean Solutions Ltd

i

A13 - 3

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

LIST OF FIGURES

Figure 1.1

Figure 2.1
Figure 2.2
Figure 2.3

Figure 3.1

Figure 3.2
Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Footprints of the new proposed shipping channel and offshore
disposal grounds for the capital and maintenance dredging
campaigns. The proposed maintenance ground is located ~3 km off
Godley Heads and extends 1.6 km by 1.6 km (2.56 km2). The
proposed capital ground is located ~8 km off Godley Heads and
extends 5 km by 2.5 km (12.5 km2). The Godley head disposal area is
also shown. .............................................................................................. 7
New model grid including the entire Lyttleton Harbour/Whakaraupō
and coastlines from Brighton/Sumner to Pigeon Bay. ............................... 9
Delft3D – WAVE regional and local model grids. The red dot indicates
the location used for the wave climate reduction..................................... 10
Bathymetry scenarios considered in the present study. Post-disposal
bathymetries were estimated by spreading the expected sediment
volumes homogeneously throughout the ground polygons. Resulting
sediment thicknesses are of 1.44 m in the capital ground (18 M m 3 of
sediment) and 0.35 m for the maintenance ground (0.9 M m3 of
sediment per year). The scenario using the proposed maintenance
ground and existing Godley Heads ground assumed an equal
repartition of the annual maintenance dredging sediment volume
between the two grounds (i.e. 0.45 M m3 each; thickness of 0.18m and
1.25m respectively). The existing Godley Heads ground is shown as
red ellipse in the bottom right picture. ..................................................... 12
Depth contour (16 m) used as reference to compare the mean wave
height fields predicted for the different scenarios considered. The
black dots indicate locations of interest (left to right: Sumner, Taylors
Mistake, Godley Heads, Lyttleton Harbour/Whakaraupō Entrance and
Port Levy /Koukourārata). ....................................................................... 16
Wave fields averaged over the representative tide for high energy
events 3, 6 and 9 of Table 2.1, over the existing bathymetry. ................. 18
Mean wave field over the existing bathymetry. The average field was
obtained by weighted average of individual wave events using the
distribution provided in Table 2.1. ........................................................... 19
Difference of wave fields averaged over the representative tide for
high energy events 3, 6 and 9 of Table 2.1 between the existing and
Stage Two channel scenarios. A positive difference means larger
heights over the Stage Two bathymetry and vice versa. ......................... 20
Difference of weighted mean wave field between the existing and
Stage Two channel scenarios. A positive difference means larger
heights over the Stage Two bathymetry and vice versa. ......................... 21
Comparison of weighted mean wave heights between the existing and
Stage Two channel scenarios along the 16 m depth contour shown in
Figure 3.1. The vertical black lines represent position of the black
markers shown in Figure 3.1 to locate the positions of particular
interest. .................................................................................................. 21
Difference of wave fields averaged over the representative tide for
high energy events 3, 6 and 9 of Table 2.1, with and without an
elevated maintenance disposal ground. A positive difference means
larger heights over the case with the elevated ground and vice versa. ... 24
Difference of weighted mean wave fields with and without an elevated
maintenance disposal ground. A positive difference means larger
heights over the case with the elevated ground and vice versa. ............. 25

MetOcean Solutions Ltd

ii

A13 - 4

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 3.18

Figure 4.1

Comparison of weighted mean wave heights with and without an
elevated maintenance disposal ground along the 16m depth contour
shown in Figure 3.1. The vertical black lines represent position of the
black markers shown in Figure 3.1 to locate the positions of particular
interest. .................................................................................................. 25
Difference of wave fields averaged over the representative tide for
high energy events 3, 6 and 9 of Table 2.1, with and without an
elevated capital disposal ground. A positive difference means larger
heights over the case with the elevated ground and vice versa. ............. 26
Difference of weighted mean wave fields with and without an elevated
capital disposal ground. A positive difference means larger heights
over the case with the elevated ground and vice versa. .......................... 27
Comparison of weighted mean wave heights with and without an
elevated capital disposal ground along the 16m depth contour shown
in Figure 3.1. The vertical black lines represent position of the black
markers shown in Figure 3.1 to locate the positions of particular
interest. .................................................................................................. 27
Difference of wave fields averaged over the representative tide for
high energy events 3,6 and 9 of Table 2.1 with and without elevated
capital and maintenance disposal grounds. A positive difference
means larger heights over the case with the elevated grounds and vice
versa. ..................................................................................................... 28
Difference of weighted mean wave fields with and without elevated
capital and maintenance disposal grounds. A positive difference
means larger heights over the case with the elevated grounds and vice
versa. ..................................................................................................... 29
Comparison of weighted mean wave heights with and without elevated
capital and maintenance disposal grounds along the 16m depth
contour shown in Figure 3.1. The vertical black lines represent position
of the black markers shown in Figure 3.1 to locate the positions of
particular interest. ................................................................................... 29
Difference of wave fields averaged over the representative tide for
high energy events 3, 6 and 9 of Table 2.1 with and without elevated
maintenance and Godley Heads grounds. A positive difference means
larger heights over the case with the elevated ground(s) and vice
versa. ..................................................................................................... 31
Difference of weighted mean wave with and without elevated
maintenance and Godley Heads grounds. A positive difference means
larger heights over the case with the elevated ground(s) and vice
versa. ..................................................................................................... 32
Comparison of weighted mean wave heights with and without elevated
maintenance and Godley Heads grounds along the 16m depth contour
shown in Figure 3.1. The vertical black lines represent position of the
black markers shown in Figure 3.1 to locate the positions of particular
interest. .................................................................................................. 32
Sensitivity testing of the user defined Erosion Parameter (M) assuming
a constant depth of available sediment (0.25 m) within the entire
domain and assuming existing conditions, i.e. excluding the proposed
dredged channel or sediment on either the proposed offshore capital
or maintenance grounds. Erosion parameter of 1x10-6 is shown on the
left, while Erosion Parameter of 1x10-5 is shown on the right. ................. 34

MetOcean Solutions Ltd

iii

A13 - 5

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Mean sediment transport fields obtained by weighted average of
events of Table 2.1, for the scenarios including elevated capital ground
only, elevated maintenance ground only and both grounds elevated
(top to bottom). ....................................................................................... 37
Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenarios including elevated capital
ground only, elevated maintenance ground only and both grounds
elevated (top to bottom). The erosion rate parameter used in the
simulations was 1e-5 kg/m2/s................................................................... 38
Reproduction of Figure 4.2 with a different colour scale range to show
smaller scale bathymetric changes. The erosion rate parameter used
in the simulation was 1e-5 kg/m2/s. .......................................................... 39
Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenarios including elevated capital
ground only, elevated maintenance ground only and both grounds
elevated (top to bottom). The erosion rate parameter used in the
simulations was 1e-6 kg/m2/s................................................................... 40
Mean sediment transport fields obtained by weighted average of
events of Table 2.1 for the scenario considering an equal repartition of
the annual maintenance dredging sediment volumes between the
proposed maintenance ground and the Godley Heads ground currently
used (i.e. 0.45 M m3 each). ..................................................................... 42
Mean sediment transport fields over the existing bathymetry obtained
by weighted average of events of Table 2.1. Note the enhanced
sediment transport feature in the vicinity of the Godley Heads ground. ... 42
Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenario considering an equal
repartition of the annual maintenance dredging sediment volumes
between the proposed maintenance ground and the Godley Heads
ground currently used (i.e. 0.45 M m3 each). The erosion rate
parameter used in the simulations was 1e-5 kg/m2/s. The bottom
picture show a reproduction of the top picture with a narrower colour
scale range to show smaller scale bathymetric changes. ........................ 43
Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenario considering an equal
repartition of the annual maintenance dredging sediment volumes
between the proposed maintenance ground and the Godley Heads
ground currently used (i.e. 0.45 M m3 each). The erosion rate
parameter used in the simulations was 1e-6 kg/m2/s. .............................. 44

MetOcean Solutions Ltd

iv

A13 - 6

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

LIST OF TABLES

Table 2.1
Table 2.2
Table 2.3

Wave classification and associated morphological factors for a 1 year
period (2006). ......................................................................................... 13
Residual currents associated with each wave class. ............................... 14
Delft3D model parameters. ..................................................................... 15

MetOcean Solutions Ltd

v

A13 - 7

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

1.

INTRODUCTION
Lyttelton Port Company Limited (LPC) proposes deepening of the harbour
shipping channel and turning basin to accommodate vessels with increased
draughts, and disposing of the dredged material at an offshore site. A full
description of the Channel Deepening Project (CDP) activities, location and
methodologies is provided in Section Two (Project Description) of the
associated Assessment of Environmental Effects (AEE), while Figure 1.1
provides an outline of the various maintenance grounds under consideration.
LPC has commissioned MetOcean Solutions Ltd (MSL) to undertake
numerical model studies to investigate the morphological effects and
sediment transport patterns associated with the disposal of the dredged
sediment associated with the maintenance of the proposed deepened
channel (Figure 1.1).
Within the marine environment, morphological changes are a function of the
salient sediment entrainment and transport mechanism, i.e. waves, tidal and
residual currents. Numerical models are useful tools to examine these
processes, especially where complex sediment dynamics arise from strong
spatial energy gradients such as at the proposed disposal sites; situated in
the lee of Banks Peninsula and offshore from the Lyttelton Harbour tidal
inlet.
A previous report (P0201-01, MetOcean Solutions Ltd., 2016) describes the
implementation of a morphological model of the wider Lyttelton
Harbour/Whakaraupō Entrance region and its application to assess the longterm sediment dynamics at the proposed capital ground. Besides the capital
dredging and disposal campaign, the extended and deeper channel will
increase the required maintenance dredging need in the future. The present
study builds upon the morphological model previously implemented to
assess the feasibility of using new zones to dispose the future maintenance
dredging spoil and investigate the effects on the ambient wave and sediment
dynamics associated with disposal at a proposed maintenance ground, the
proposed capital disposal ground and the existing Godley Head disposal
area.
This report is structured as follows. Section 2 briefly details the
methodologies and disposal scenarios considered; the reader is directed to
the report P0201-01 (MetOcean Solutions Ltd., 2016a) for a comprehensive
description of the model implementation and morphological modelling
approaches. Sections 3 to 5 present the results of the model simulations
focusing on the wave (Section 3) and sediment dynamics (Sections 4 and
5), including sensitivity testing parameters within the morphological model
(Section 4). A summary is provided in section 5 and references cited are
listed in the final Section 6
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Godley Head ground

Proposed capital ground
Proposed Maintenance ground

Figure 1.1

Footprints of the new proposed shipping channel and offshore disposal
grounds for the capital and maintenance dredging campaigns. The
proposed maintenance ground is located ~3 km off Godley Heads and
extends 1.6 km by 1.6 km (2.56 km2). The proposed capital ground is
located ~8 km off Godley Heads and extends 5 km by 2.5 km (12.5
km2). The Godley head disposal area is also shown.
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2.

METHODS
Full details of the model implementation including employed morphological
modelling techniques are provided in report P0201-01 (MetOcean Solutions
Ltd., 2016a), and therefore not reproduced here.
For the present application, the model domain was extended to include the
entire Harbour basin, as well as coastal regions from Sumner to the west to
Pigeon Bay to the east. The new grid resolution ranges from 30 m to ~
300 m with higher resolution focused over the proposed disposal grounds,
channel and shallow nearshore areas (Figure 2.1), while boundary
conditions are sourced from a regional domain (e.g. Figure 2.2)
In the present study, a range of post-dredging and post-disposal
bathymetries were estimated based on the expected capital and
maintenance dredging sediment volumes (18 M m3, and ~0.9 M m3/year
respectively). Annual morphological simulations were reproduced over each
bathymetry scenarios and outcomes are compared to identify the key
transformations of the wave and sediment dynamics. It is noted that since
the morphological model was not specifically calibrated and validated due to
the lack of adequate field data, interpretation of the models results are
essentially done in a qualitative fashion and in relative sense but still
provides valuable insights on the morphological behaviour of the coastal
system under the different dredging/disposal scenarios considered.
Details of the wave classes and residual currents applied to the year-long
morphological simulations are provided in Table 2.1 and Table 2.2. Details
of the Delft3D model parameters are included in Table 2.3 for reference.
The set of modelled bathymetry scenarios is presented in Figure 2.3. The
scenarios considered include
1. the existing bathymetry,
2. post-dredging bathymetry i.e. with Stage Two channel,
3. Stage Two channel with elevated maintenance ground only,
4. Stage Two channel with elevated capital ground only,
5. Stage 2 channel with both capital and maintenance grounds elevated.
To compare results with the current disposal practices, an additional
scenario was included in which the annual maintenance dredging volume
was split equally between the proposed maintenance ground and disposal
zone recently used in the vicinity of Godley Heads.
Post-disposal bathymetries were estimated by spreading the expected
sediment volumes homogenously throughout the disposal ground polygons
Resulting sediment thicknesses are of 1.44 m in the capital ground (18 M m3
of sediment) and 0.35 m for the maintenance ground (0.9 M m3 of sediment
per year).
To focus the study on the net effects of the bathymetric changes resulting
from the disposal on the sediment dynamics, the model considered that

MetOcean Solutions Ltd
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sediment was available only within the disposal grounds tested, with actual
sediment thicknesses as mentioned above. This means that the model
simulate the behaviour of the disposed sediment that would be
superimposed on the underlying ambient sediment dynamics.

Figure 2.1

New model grid including the entire Lyttelton Harbour/Whakaraupō and
coastlines from Brighton/Sumner to Pigeon Bay.

MetOcean Solutions Ltd
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Figure 2.2

Delft3D – WAVE regional and local model grids. The red dot indicates
the location used for the wave climate reduction.
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Existing

Stage 2 Channel only

St. 2 + maintenance ground

St. 2 + capital ground

St. 2 + capital and maintenance grounds

Figure 2.3

St.2 +maintenance and Godley grounds

Bathymetry scenarios considered in the present study. Post-disposal
bathymetries were estimated by spreading the expected sediment
volumes homogeneously throughout the ground polygons. Resulting
sediment thicknesses are of 1.44 m in the capital ground (18 M m3 of
sediment) and 0.35 m for the maintenance ground (0.9 M m3 of
sediment per year). The scenario using the proposed maintenance
ground and existing Godley Heads ground assumed an equal repartition
of the annual maintenance dredging sediment volume between the two
grounds (i.e. 0.45 M m3 each; thickness of 0.18m and 1.25m
respectively). The existing Godley Heads ground is shown as red ellipse
in the bottom right picture.
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Table 2.1

Wave classification and associated morphological factors for a 1 year period (2006).
Wave class no.

Representative Hs
(m)

Representative Tp
(sec)

Representative
direction (deg.)

Probability of
occurrence (%)

Morfac equivalent 1
year

1

1.60

8.77

69.21

21.88

153.36

2

2.31

9.54

67.20

7.09

49.68

3

3.17

11.14

68.76

4.01

28.08

4

1.49

10.46

149.26

22.91

160.56

5

2.15

11.07

152.02

8.36

58.56

6

3.28

11.10

165.98

3.56

24.96

7

1.65

11.43

187.58

21.75

152.40

8

2.40

11.79

187.56

7.47

52.32

9

3.72

10.00

186.00

2.98

20.88

MetOcean Solutions Ltd
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Table 2.2

Residual currents associated with each wave class.
Wave
class no.

Residual

Residual
-1

1

speed [cm.s ]
0.38

direction [degT]
158.93

2

0.59

135.34

3

1.18

305.55

4

1.60

127.28

5

2.56

127.57

6

1.74

294.45

7

2.11

131.40

8

1.50

135.33

9

5.51

299.61

MetOcean Solutions Ltd
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Table 2.3

Delft3D model parameters.

Parameter

Description

Value

Seabed friction formulation

Collins

Wave
BedFriction

Collins (1972)
BedFricCoef

Collins's frictions coefficient

0.015

Breaking

Depth induced breaking model

TRUE
( Battjes and Janssen,1978)

BreakAlpha

Rate of dissipation

1

BreakGamma

Breaker parameter Hmax/h

0.73

WaveSetup

Wave-induced setup model

TRUE

Hydrodynamics
Dt

Computational time step

3 s.

DryFlc

Minimum depth for drying/flooding

0.1

Vicouv

Horizontal background eddy viscosity

1

Dicouv

Horizontal background eddy diffusivity

10

Vicoww

Vertical background eddy viscosity

1.00E-06

Dicoww

Vertical background eddy diffusivity

1.00E-06

Rouwav

Model for bottom stress formulation due
to combined wave and current action

Roumet

Chézy Coefficient

Ccofu,Ccofv

#FR84#
(Fredsoe, 1984)
#C#
70

Sediment transport
Cohesive Sediment
RhoSol

Sediment density [kg/m3]

WSM

Sediment settling velocity [m/s]

CDryB

Dry bed density [kg/m3]

IniSedThick

Initial sediment layer thickness [m]

TcrSed

Critical deposition shear stress [n/m2]

TcrEro

Critical erosion shear stress [n/m2]

EroPar

Erosion Parameter

MetOcean Solutions Ltd

2650
1.00E-03
500
1.44 m in the capital ground;
0.35 or 0.18m in maintenance
ground; 1.25m in Godley
Heads ground
1000
0.2
1.00E-05 - 1.00E-06
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3.

RESULTS

3.1.

Wave effects
The section describes the effects of the elevated disposal ground
bathymetries on the ambient wave fields. For each case, differences in wave
heights relative to the existing bathymetry are presented for the three
highest energy events of Table 2.1. An estimation of the mean annual wave
field can be obtained by scaling of the individual events based on the
probability of occurrence. Spatial comparisons between the different
scenarios simulated are presented, as are the model predicted wave height
along a representative isobath (16 metres at MSL, Figure 3.1) to illustrate
key modifications of the wave field patterns.

Figure 3.1

Depth contour (16 m) used as reference to compare the mean wave
height fields predicted for the different scenarios considered. The black
dots indicate locations of interest (left to right: Sumner, Taylors Mistake,
Godley Heads, Lyttleton Harbour/Whakaraupō Entrance and Port Levy
/Koukourārata).

MetOcean Solutions Ltd
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3.1.1. Existing versus Stage Two channel
The wave fields predicted for the high energy events over the existing
bathymetry (that will serve as reference for the following comparisons) are
shown in Figure 3.2. The mean wave field obtained by weighted average of
the individual events is shown on Figure 3.3. Wave events are defined at the
offshore location shown in Figure 2.2.
Although the three high-energy wave events have similar offshore wave
heights (see Table 2.1), resulting wave fields in the Harbour Entrance region
show significant variation. Waves approaching the Harbour Entrance and
surrounding coastlines from the north-east are essentially unhindered and
expectedly result in the highest nearshore wave heights (~2 m) with near
normal incidence. In contrast, the Banks Peninsula landmass provides an
efficient shelter from the southeast and southerly waves that need to
significantly refract around the peninsula to reach the Harbour Entrance
region, losing energy in the process; nearshore wave height are much
smaller than for an north-easterly event, further decreasing for more
southerly incidence.
The deepening of the channel introduce significant depth gradients which
will introduce new refraction patterns in the Entrance region and redistribute
the incident wave energy differently towards the coast (Figure 3.4). For the
northeast event during which waves approach the channel relatively
normally, the new wave refraction and focusing processes developing over
the channel edges is symmetrical and redirects relatively larger wave
heights towards the Godley Heads, Taylor Mistake and the Port Levy /
Koukourārata regions while reducing wave heights in the deeper waters of
the channel.
Incident waves approaching more obliquely from the east-south east tend to
focus slightly more wave energy on the Taylors Mistake, Sumner region,
while decreasing the wave energy along the north-western side of Lyttelton
Harbour/Whakaraupō. Relative increases in wave height associate with
events from the SE are expected along the south-eastern side of Lyttleton
Harbour/Whakaraupō (i.e. Adderley Heads to Camp Bay, see Figure 3.4).
The mean wave height field (Figure 3.5) indicates these patterns developing
during the east-southeast wave incidence dominate the net effects on the
wave height field, as these wave incidences are dominant over time.
The comparison of the wave height along the 16 m contour (Figure 3.6)
shows a clear increase of wave height to the south of the channel axis by up
to ~10% matched by a relative reduction to the north (~-5%). Post channel
dredging wave heights become relatively larger past Godley Heads and
toward Sumner, but only by up to ~2%.

MetOcean Solutions Ltd

17
A13 - 19

Channel Deepening Project (CDP) - Lyttelton Harbour/Whakaraupō

Figure 3.2

Wave fields averaged over the representative tide for high energy
events 3, 6 and 9 of Table 2.1, over the existing bathymetry.
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Figure 3.3

Mean wave field over the existing bathymetry. The average field was
obtained by weighted average of individual wave events using the
distribution provided in Table 2.1.
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Figure 3.4

Difference of wave fields averaged over the representative tide for high
energy events 3, 6 and 9 of Table 2.1 between the existing and Stage
Two channel scenarios. A positive difference means larger heights over
the Stage Two bathymetry and vice versa.
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Figure 3.5

Difference of weighted mean wave field between the existing and Stage
Two channel scenarios. A positive difference means larger heights over
the Stage Two bathymetry and vice versa.

Figure 3.6

Comparison of weighted mean wave heights between the existing and
Stage Two channel scenarios along the 16 m depth contour shown in
Figure 3.1. The vertical black lines represent position of the black
markers shown in Figure 3.1 to locate the positions of particular interest.
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3.1.1. Sensitivity testing the erosion parameter
In the absence of calibrating the morphological modelling, results need to be
considered as qualitative not quantitative. As such, the general patterns or
erosion and accretion predicted by the model are expected to be consistent
irrespective of the parameters used within the model.
The key parameter in predicting the entrainment and transport of the surficial
sediment within the modelling parameters is the user defined Erosion
Parameter (M) which has units of kg.m-2.s-1. For soft cohesively bound beds
Winterwerp, et al., (2012) found computed and measured values of the
erosion parameter to range between approximately 1x10-3 and 1x10-7.
Sensitivity testing of the Lyttelton Harbour environs has been undertaken by
modelling the entire existing environment (see Figure 2.1) in the absence of
either the proposed dredge channel or sediment available at either the
maintenance or proposed capital disposal grounds. The domains were
seeded assuming a constant depth of available sediment of 0.25 m. An
Erosion Parameter (M) of 1 x 10-5 and 1 x 10-5 were tested.
3.1.2. Separate and combined effects of the proposed capital and
maintenance grounds
The effect of locally raising the seabed by disposing sediment (e.g. mound)
will inevitably introduce new wave refraction processes; waves will relatively
slow down and shoal over the mound, locally focusing the incident wave
energy, while surrounding waves will continue their normal propagation. The
process result in a pattern of increased wave height over and in the lee of
the mound combined with symmetrical bands of reduced wave heights along
its sides. The bands of reduced wave energy develop because the new
refraction locally focuses some of the incident energy away from the vicinity
of mound, thereby creating shadowed zones.
This pattern is consistently reproduced in the simulations including the
proposed maintenance and/or capital grounds, to varying degree of
magnitude depending on the seabed elevation and water depth.
Results for the simulations considering the maintenance ground only are
presented in Figure 3.7 to Figure 3.9. The wave height focusing pattern is
modulated by the incident wave direction; the band of increased wave
heights is directed toward the Godley Heads region for north-easterly waves
and shifts towards the area of coast from Taylors Mistake to Sumner for
southerly waves. Net height changes remain very limited with only a few
centimetres differences expected (Figure 3.8). The comparison of mean
wave height indicates the net height increase will extend over the region
from Godley Heads to Taylors Mistake (~+3%) with associated reduction in
wave height over the Harbour Entrance region and towards Sumner and
further northwest (Figure 3.9).
The net effects of an elevated capital ground are illustrated in Figure 3.10 to
Figure 3.12. A similar pattern of wave height change is reproduced albeit
with larger magnitudes of changes due to the more significant changes to
the bathymetry (+1.44m associated with capital dredging). The position of
the capital ground shifted further offshore relative to the maintenance ground
is such that the incident wave energy is now focused further up the coast
towards New Brighton. The Harbour Entrance in fact lies within one of the
relative shadow zone. Comparisons of the wave heights along the 16 m
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contour suggest a height reduction of order ~2% extending from the Harbour
Entrance to the Sumner region (Figure 3.12).
The effects of having both the maintenance and capital grounds elevated
due to disposal of maintenance and capital dredging respectively are given
in Figure 3.13 to Figure 3.15. For this scenario, the changes associated with
the larger capital ground are dominant and continue to relatively shadow the
Harbour Entrance region. However the presence of the maintenance ground
in its lee does generate some additional wave focusing which locally
increases wave heights, essentially mitigating the general height reduction
caused by the capital disposal ground in the Taylors Mistake region . This
pattern is clearly visible on Figure 3.15 where the percentage of wave height
change is locally increased along the zone from Godley Heads to Taylor
Mistake relative to the scenario with the capital ground only (see Figure
3.12).
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Figure 3.7

Difference of wave fields averaged over the representative tide for high
energy events 3, 6 and 9 of Table 2.1, with and without an elevated
maintenance disposal ground. A positive difference means larger
heights over the case with the elevated ground and vice versa.
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Figure 3.8

Difference of weighted mean wave fields with and without an elevated
maintenance disposal ground. A positive difference means larger
heights over the case with the elevated ground and vice versa.

Figure 3.9

Comparison of weighted mean wave heights with and without an
elevated maintenance disposal ground along the 16m depth contour
shown in Figure 3.1. The vertical black lines represent position of the
black markers shown in Figure 3.1 to locate the positions of particular
interest.
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Figure 3.10 Difference of wave fields averaged over the representative tide for high
energy events 3, 6 and 9 of Table 2.1, with and without an elevated
capital disposal ground. A positive difference means larger heights over
the case with the elevated ground and vice versa.
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Figure 3.11 Difference of weighted mean wave fields with and without an elevated
capital disposal ground. A positive difference means larger heights over
the case with the elevated ground and vice versa.

Figure 3.12 Comparison of weighted mean wave heights with and without an
elevated capital disposal ground along the 16m depth contour shown in
Figure 3.1. The vertical black lines represent position of the black
markers shown in Figure 3.1 to locate the positions of particular interest.
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Figure 3.13 Difference of wave fields averaged over the representative tide for high
energy events 3,6 and 9 of Table 2.1 with and without elevated capital
and maintenance disposal grounds. A positive difference means larger
heights over the case with the elevated grounds and vice versa.
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Figure 3.14 Difference of weighted mean wave fields with and without elevated
capital and maintenance disposal grounds. A positive difference means
larger heights over the case with the elevated grounds and vice versa.

Figure 3.15 Comparison of weighted mean wave heights with and without elevated
capital and maintenance disposal grounds along the 16m depth contour
shown in Figure 3.1. The vertical black lines represent position of the
black markers shown in Figure 3.1 to locate the positions of particular
interest.
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3.1.3. Proposed maintenance ground and existing Godley Heads
ground
For comparison with the existing disposal practices, the study considered a
scenario in which the annual maintenance dredging volume (~0.9 M m3) was
split equally between the proposed new maintenance grounds and the
disposal zone near Godley Heads that is currently used (see Figure 1.1).
The disposal of half the maintenance volume at the proposed maintenance
ground increases the seabed level by only 0.18 m which limits any
significant change of the incident wave patterns (Figure 3.16 and Figure
3.17). Comparison of wave height along the 16 m contour indeed shows
very limited changes (Figure 3.18). Modulation of the incident wave height is
more evident in the vicinity of the Godley Heads ground due to the larger
bathymetric changes, with the mound locally focusing waves and generating
slightly larger wave heights in the Entrance region near the channel bend
(Figure 3.16 and Figure 3.17).
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Figure 3.16 Difference of wave fields averaged over the representative tide for high
energy events 3, 6 and 9 of Table 2.1 with and without elevated
maintenance and Godley Heads grounds. A positive difference means
larger heights over the case with the elevated ground(s) and vice versa.
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Figure 3.17 Difference of weighted mean wave with and without elevated
maintenance and Godley Heads grounds. A positive difference means
larger heights over the case with the elevated ground(s) and vice versa.

Figure 3.18 Comparison of weighted mean wave heights with and without elevated
maintenance and Godley Heads grounds along the 16m depth contour
shown in Figure 3.1. The vertical black lines represent position of the
black markers shown in Figure 3.1 to locate the positions of particular
interest.
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4.

SENSITIIVITY TESTING
The effect of changing the user defined Erosion Parameter on the predicted
bed level changes for the existing environment (without capital dredged
channel or capital and maintenance disposal grounds) is shown in Figure
4.1. Effectively, the erosion parameter scales the predicted bed level
changes approximately linearly; with higher rates (i.e. 1 x 10-5) resulting in
increased bed level changes, while the general pattern is persistent.
Irrespective of port operations, the model predicts sedimentation within the
entrance to Port Levy/Koukourārata, while erosion is predicted within the
entrance to Port Lyttelton/Whakaraupō. While the general patterns of
erosion / accretion are likely to be accurate, without calibration or validation
of the model using measured data these results can only be assessed
based on anecdotally evidence, which suggests that an Erosion Parameter
of 1x10-6 more accurately represents what is seen within the environs,
particularly within the entrance to Port Levy/Koukourārata.
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Figure 4.1

Sensitivity testing of the user defined Erosion Parameter (M) assuming a constant depth of available sediment (0.25 m) within the
entire domain and assuming existing conditions, i.e. excluding the proposed dredged channel or sediment on either the proposed
offshore capital or maintenance grounds. Erosion parameter of 1x10-6 is shown on the left, while Erosion Parameter of 1x10-5 is shown
on the right.
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5.

ANNUAL MORPHOLOGICAL SIMULATIONS
This section presents the results of the morphological simulations
undertaken for the various bathymetry scenarios considered (Figure 2.3).
The same annual forcing (see Table 2.1, Table 2.2) was applied to all the
scenarios to allow consistent comparison.
It is noted that the morphological model was not specifically calibrated and
validated against field measurements due to the lack of adequate data. In a
calibration context, key model parameters are varied within recommended
ranges until the modelled morphological changes and/or sediment
concentration match field observations (e.g Van Maren et al., 2011) The
data necessary to calibrate a morphological model is generally very difficult
to obtain and was not available in the present application. To address these
uncertainties, key model parameters were varied within recommended
ranges, notably the erosion parameter E which has the most significant
effect on model prediction. In the present context, the mobilisation of the
disposed sediment is of salient interest, and it is generally recommended to
use small erosion rates in the range 1e-5 - 1e-6 kg/m2/s (e.g.Van Maren B.,
2013). Both of these values were considered in the model simulations to
provide a range of expected morphological response magnitudes.
That being, there will inevitably remain uncertainties in the predicted
magnitude of changes and model results are therefore generally interpreted
qualitatively, focusing on patterns of changes and comparing scenarios in a
relative sense.
5.1.1. Separate and combined effects of the proposed capital and
maintenance grounds
The mean transport fields obtained by weighted average of the events of
Table 2.1 are compared in Figure 5.1 for the scenarios including elevated
capital ground only, elevated maintenance ground only and both
maintenance and capital grounds elevated. There are evident differences in
the overall transport magnitudes that are directly related to the actual
amount of sediment in each ground (i.e. much larger in the capital ground),
the general transport field patterns are relatively similar in the vicinity of both
grounds.
The general sediment transport footprints have circular or elliptical shapes
centred over the respective grounds but the sediment transport magnitude
appears consistently larger to the southwest of the grounds which is
consistent with the direction of wave propagation (e.g. see Figure 3.2). The
most intense transport magnitudes are found around the ground edges and
this can be attributed to locally larger bathymetric gradients which will locally
enhance current and sediment transport.
Sediment transport from the capital ground generally tappers off to very
small levels near the offshore end of the proposed deepened channel. In
contrast some of the sediment transport footprint originating from the
maintenance ground does connect more evidently to the channel due to its
proximity. The seabed elevation of both the capital and maintenance
grounds slightly increases the sediment transport magnitudes in the outer
part of the proposed channel zone.
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The bathymetric changes associated with these mean transport fields are
presented in Figure 5.2 and Figure 5.3 (reduced vertical scale view) for the
simulation using an erosion parameter of 1e-5 kg/m2/s (upper end of
recommended range) and in Figure 5.4 for simulation using an erosion
parameter of 1e-6 kg/m2/s. Note a larger value of the erosion rate results in
more effective erosion, and larger morphological changes.
Consistent with the transport fields, the sediment dispersion footprints have
elliptical shapes and are slightly skewed in the direction of wave
propagation. Results show that there is some possible connectivity between
the sediment disposed in the grounds and the channel, at least in terms of
pathways and transport direction.
For the simulation with the larger erosion rate, the sediment disposed within
the capital ground reach the outer part of the new channel. In contrast, no
significant deposition of sediment originating from the capital ground is
predicted for a smaller erosion rate. Mobilised sediment is expected to
continue its migration landward eventually reaching the outer channel but
after a longer time period.
There is a more evident connectivity between the sediment disposed at the
maintenance ground and the channel zone due to their relative proximity,
even in the case with a smaller erosion rate. The simulation with the larger
erosion rate suggests that the mobilised sediment would then continue its
migration within the Harbour Entrance region with areas of deposition
predicted along Breeze and Mechanics Bay and near the channel bend.
Using the sediment volumes deposited in the channel at the end of the
annual simulation as a metric for comparison, it appears that most of the
sediment accreting in the channel is indeed due to recirculation from the
maintenance ground rather than the capital disposal ground. The behaviour
of the capital and maintenance disposal grounds seem relatively
independent, in that the amount of sediment deposited within the channel in
the case of combined grounds is very close to the sum of the amount of
sediment deposited in simulations with the maintenance ground only and
capital ground only.
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Figure 5.1

Mean sediment transport fields obtained by weighted average of events
of Table 2.1, for the scenarios including elevated capital ground only,
elevated maintenance ground only and both grounds elevated (top to
bottom).
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Figure 5.2

Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenarios including elevated capital
ground only, elevated maintenance ground only and both grounds
elevated (top to bottom). The erosion rate parameter used in the
simulations was 1e-5 kg/m2/s.
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Figure 5.3

Reproduction of Figure 5.2 with a different colour scale range to show
smaller scale bathymetric changes. The erosion rate parameter used in
the simulation was 1e-5 kg/m2/s.
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Figure 5.4

Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenarios including elevated capital
ground only, elevated maintenance ground only and both grounds
elevated (top to bottom). The erosion rate parameter used in the
simulations was 1e-6 kg/m2/s.
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5.1.2. Proposed maintenance ground and existing Godley Heads
ground
Results of the morphological simulations for the scenario considering a split
of the annual maintenance dredging volume (~0.9 M m3) between the
proposed new maintenance grounds and the disposal zone near Godley
Heads currently being used (see Figure 1.1) are presented in Figure 5.5 to
Figure 5.8. Note an analysis of the behaviour of the mound formed by the
recent disposal activities in the Godley Heads disposal area is more
comprehensively treated in a separate report (MetOcean Solutions Ltd.,
2016b).
The net sediment transport fields (Figure 5.5) expectedly show a reduction
of the sediment transport over the proposed maintenance ground due to the
smaller sediment volume available ground (compared to section 5.1.1),
however there is significant sediment transport developing over and in the
vicinity of the Godley Heads ground, with direct connection between the
Godley Head disposal site and the channel region.
The zone that is currently used for sediment disposal near Godley Heads is
located within a region of enhanced sediment transport as illustrated in
Figure 5.6. This net sediment transport feature is driven by a combination of
tidal current velocities and wave radiation stresses, and represents an
effective mechanism to mobilize and transport the disposed sediment back
into the channel (see MetOcean Solutions Ltd., 2016b). Morphological
simulations with both erosion rate values show a clear spreading of the
disposed sediment within the entrance region and channel (Figure 5.7 and
Figure 5.8).
Relative comparison of the sediment volumes deposited within the channel
after the 1 year period indicates that the use of both the Godley Heads
ground and maintenance ground results in deposited sediment volumes
within the channel that are two to three times larger than for the scenario
using the proposed maintenance ground only.
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Figure 5.5

Mean sediment transport fields obtained by weighted average of events
of Table 2.1 for the scenario considering an equal repartition of the
annual maintenance dredging sediment volumes between the proposed
maintenance ground and the Godley Heads ground currently used (i.e.
0.45 M m3 each).

Figure 5.6

Mean sediment transport fields over the existing bathymetry obtained by
weighted average of events of Table 2.1. Note the enhanced sediment
transport feature in the vicinity of the Godley Heads ground.
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Figure 5.7

Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenario considering an equal
repartition of the annual maintenance dredging sediment volumes
between the proposed maintenance ground and the Godley Heads
ground currently used (i.e. 0.45 M m3 each). The erosion rate parameter
used in the simulations was 1e-5 kg/m2/s. The bottom picture show a
reproduction of the top picture with a narrower colour scale range to
show smaller scale bathymetric changes.
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Figure 5.8

Predicted bathymetric changes after an accelerated 1 year
morphological simulation for the scenario considering an equal
repartition of the annual maintenance dredging sediment volumes
between the proposed maintenance ground and the Godley Heads
ground currently used (i.e. 0.45 M m3 each). The erosion rate parameter
used in the simulations was 1e-6 kg/m2/s.
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6.

SUMMARY
The present study assessed the key transformations of the wave and
sediment dynamics associated with the proposed maintenance and capital
dredging disposal grounds. A morphological model implemented in a
previous study (MetOcean Solutions Ltd., 2016a) is used to simulate the
morphological response of the disposed sediment and associated
modulation of the wave fields over a 1-year period. Key findings of the
modelling are summarised below:


The introduction of new bathymetric gradients due to the channel
deepening and sediment disposal modulates the incident wave field
due to new wave refraction and wave focusing effects.



The channel deepening results in a redirection of the incident wave
energy towards the south side of the Harbour, while the north side is
relatively shadowed.



The elevated disposal grounds drive a pattern of increased wave
heights over and in the lee of the ground, combined with symmetrical
bands of reduced wave heights on either side.



The maintenance ground focuses some additional wave energy
towards the region from Godley Heads to Taylors Mistake. In
contrast, the wave focusing developing over the proposed capital
ground results in enhanced wave energy further up the coast
towards New Brighton while relatively shadowing the Harbour
Entrance region. This relative shadowing is mitigated by the local
wave height increased driven by the focusing over the maintenance
ground when both grounds are considered.



The comparison of the morphological responses for the various
disposal scenarios considered indicates that the largest potential for
sediment recirculation in the channel comes from the maintenance
ground due to its relative proximity to the channel. It is expected that
shifting the ground to the northwest would mitigate the recirculation,
though present a greater operational cost.



The present modelling investigation indicates that the use of the
Godley Heads ground for maintenance sediment disposal should be
discontinued. Simulations considering a split of the annual
maintenance volumes between the proposed maintenance ground
and Godley Heads ground resulted in sediment volume deposited in
the channel that were two to three times larger than when only the
proposed maintenance ground was used.
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