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EXECUTIVE SUMMARY

CentrePort Limited is investigating the deepening of the Wellington Harbour
entrance shipping channel and the Thorndon Container Wharf area, and
have commissioned MetOcean Solutions Ltd to undertake a detailed study
program of the oceanographic and sediment dynamics to support and inform
this proposed activity. This includes an evaluation of the effects of the
capital dredging on the wave, current and sediment dynamics throughout the
harbour, the effects of dredging and disposal on water quality, and the
effects of sediment disposal on the receiving environment.

This report is a technical reference document that details the methodologies
used and the outcomes results from numerical modelling of the physical
effects of dredging up to 270,000 m* at the Thorndon Container Wharf and
disposal of the sediments in a nearby ground. A companion modelling
report (MSL P0214-01) provides further reference information on the studies
to support other aspects of the deepening project, while an interpretation of
those model results in terms of the physical effects is provided in report MSL
P0214-03.

Dredging the seabed with a trailing suction hopper vessel typically produces
a plume of sediment due to the physical disturbance of the seabed.
Sediments released into the water column by this process will slowly settle
to the seabed at a velocity proportional to the grain size. During settlement
they are transported by the ocean currents and spread out by diffusive
processes. Similarly, disposing of dredged sediments from a hopper in ~20
m water depth will also produce a plume of sediment in the water. Most of
this material falls directly to the seabed in a dynamic plume, however a small
fraction (1-5%) becomes suspended in the water column. This plume
travels with the ocean currents and gradually disperses as the particles
slowly settle to the seabed.

The dispersal and settlement to the seabed of these plumes has been
simulated in this study with numerical particle model. The model mimics the
behaviour of the suspended sediments in the ocean. Measured currents
and the outputs from hydrodynamic models of the Wellington Harbour have
been used to prescribe the water flow, while the particle model considers the
settling velocity of sediment grains along with the important effects from
diffusion, which acts to spread the plume naturally. The size of the
sediments was determined from analysis of seabed samples in the area,
and flocculation (the clumping together of the finer particles) was included to
provide a more realistic simulation.

The model tests confirm that the tidal currents have a very small effect on
the dispersal of the sediment plumes caused by both dredging and disposal.
The tidal flows near the Thorndon Container Wharf are typically low, while
the wind-driven circulation patterns are more influential. Accordingly, if
dredging and disposal operations are undertaken during calm weather
conditions, the excursion of a sediment plume can be minimised. However,
some of the harbour circulation is residual, which means that previous wind
events may have set up flows that persist for many hours after the wind
forcing has stopped.

At the proposed disposal site, fine sands are expected to settle to the
seabed within 15-20 minutes, while the silty fraction will require 3-4 hours to
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reach the seabed. Under tidal-only flows, the maximum excursion and
settlement to the seabed for 99% of the plume volume is predicted to be less
than 200 m. The modelling confirms that the key factor influencing plume
dispersion in both dredging and disposal cases is the magnitude of the wind-
driven current flows. This offers an effective technique to minimise the
extent of plume dispersal based on the weather conditions preceding and
during operations.

An indicative depositional thickness for silts beyond the disposal ground,
allowing for variations in the full composition of sediment dredged, ranges
between 0.5 mm to 2 mm. The resulting sediment thickness will depend on
ambient weather conditions at the time of disposal. Deposition reduces
rapidly with distance, at around 500 m from the ground the silt thickness is
predicted to be ~1 mm.

Analysis of the wave climate and ocean current regime indicates that after
consolidation, the disposed sediments will not be regularly mobilised or
actively transported from the proposed ground.

MetOcean Solutions Ltd iii
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1.

1.1.

| NTRODUCTI ON

CentrePort Limited ("CentrePort") is investigating the deepening of the
Wellington Harbour entrance shipping channel and the Thorndon Container
Wharf area. Globally, the future container shipping fleet will have larger
vessels, which require greater depths for safe transit in and out of the
harbour. Accordingly, to maintain an existing container service and to
provide for the future growth of the port, deepening of the navigation channel
and berth area is an essential requirement. Similar deepening projects are
being undertaken at other ports around New Zealand, including Lyttleton,
Tauranga and Dunedin.

CentrePort have commissioned MetOcean Solutions Ltd (MSL) to undertake
a detailed study program of the oceanographic and sediment dynamics,
which is required to support and inform this proposed activity. This includes
an evaluation of the effects of the capital dredging on the wave, current and
sediment dynamics throughout the harbour, the effects of dredging and
disposal on water quality, and the effects of sediment disposal on the
receiving environment. Specifically, the scope of the study program is to:

9 Assess the expected sediment transport at the dredge sites, during
and after dredging.

1 Assess the expected sediment transport at the disposal sites,
during and after dredging, and estimate the required extent of the
disposal area.

1 Assess changes in wave climate within the harbour and the
disposal area as a result of the deepening.

1 Identify appropriate measures to avoid, remedy, or mitigate effects,
with specific consideration of the sites of interest identified during
consultation.

This report is a technical reference document that details the methodologies
used and the outcome results from numerical modelling of the physical
effects of dredging at the Thorndon Container Wharf and disposal of the
sediments on a nearby ground. The technical details and results from the
numerical modelling of waves, currents and sediment dynamics associated
with the channel deepening and offshore disposal are provided in a separate
report (MSL Report P0214-01) and a summary of those results an
interpretation of the findings is provided in MSL Report P0214-03.

Harbour Channel Deepening Project description

The deepening project design is based on future vessel dimensions with up
to 14.5 m draught, 300 m LOA, 48 m beam dimension and transit speeds of
10 knots.

An extensive optimisation exercise was undertaken to define the most
appropriate design for the future entrance channel (see MSL Report P0222-
01). The finalised design ensures the maximum safe navigability for transit
under all tides and weather, excepting the extreme storm conditions.

MetOcean Solutions Ltd
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Along the entrance channel, the design dredging depth (below Chart Datum)
ranges from 16.5 m in the northern section, sloping to 17.2 m in the south.
This profile has a 178 Ha area of seabed that may be disturbed by dredging,
and the estimated maximum dredge volume is 6.0 M m® The proposed
disposal location for the sediment is Fitzroy Bay, very close to the
previously-consented disposal area. The dimensions of this area have been
adjusted to ensure effects on the receiving environment are minimised, while
allowing the capacity for the maximum expected dredging volume to be
adequately contained. The area of the ground is 140 Ha.

At the Thorndon Container Wharf, an area up to 14 Ha may be disturbed by
dredging to the maximum design depths of up to 2.5m. This will give rise to
a disposal volume 270,000 m°, and a nearby disposal ground has been
identified as a suitable site to place these sediments. This ground has an
area of 13.27 Ha, so disposal of the full volume will cause a average
elevation of the seabed by 2m over the ground.

The dredging operations may not necessarily be undertaken in a single
campaign to achieve the design depths. The three indicative scenarios have
been suggested:

Scenario 11 staged dredging
f 12.0 m vessel design (14.0-14.7 m depth and <1.6 M m®)
f 12.5 m vessel design (14.5-15.2 m depth and <2.4 M m®)
f 13.5 m vessel design (15.5-16.2 m depth and <4.0 M m®)
f 14.5 m vessel design (16.5-17.2 m depth and <6.0 M m®)
Scenario 2 1T multi-year program

9 Dredging over several years using a low volume vessel. This
assumes dredging up to 6 days week for 50 weeks/year, daylight
hours only and subject to operational limitations such as weather,
sea state and mechanical downtime.

Scenario 31 single event

9 Dredging and disposal to consented maximum depths and
volumes. Estimated duration 10-20 weeks.

Dredging the seabed with a trailing suction hopper vessel typically produces
a plume of sediment due to the physical disturbance of the seabed.
Sediments released into the water column by this process will slowly settle
to the seabed at a velocity proportional to the grain size. During settlement
they are transported by the ocean currents and spread out by diffusive
processes. Similarly, disposing of dredged sediments from a hopper in ~20
m water depth will also produce a plume of sediment in the water. Most of
this material falls directly to the seabed in a dynamic plume; however a small
fraction (1-5%) becomes suspended in the water column. This plume travels
with the ocean currents and gradually disperses as the particles slowly settle
to the seabed.
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1.2. Report structure

The report is structured as follows. The numerical modelling methods are
presented in Section 2, detailing the particle tracking techniques and the
scenarios considered. In Section 3 the results including a description of the
receiving environment and the expected plume dispersion characteristics
are provided. The study findings are summarised in Section 4 and
references are listed in Section 5.

The study location is provided on Figure 1.1, showing the area for dredging
adjacent to the berth, and the nearby proposed disposal ground.

MetOcean Solutions Ltd
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Figure 1.1 The Wellington Harbour, showing the proposed areas for dredging (red) and
disposal (black).
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2.

2.1.

2.2.

METHODS

Bathymetry data sources

Bathymetric data for regional and local scale numerical model domains were
collated from several sources, including harbour soundings (single and
multi-beam surveys, courtesy of NIWA and CentrePort) and digitised
nautical charts (ENCs).

Hydrodynamics

2.2.1. The numerical model

Hydrodynamic modelling was undertaken using the finite element model
SELFE. SELFE is a prognostic finite-element unstructured-grid model
designed to simulate 3D baroclinic, 3D barotropic or 2D barotropic
circulation. The barotropic mode equations employ a semi-implicit finite-
element Eulerian-Lagrangian algorithm to solve the shallow-water equations,
forced by relevant physical processes (atmospheric, oceanic and fluvial
forcing). A detailed description of the SELFE model formulation, governing
equations and numerics can be found in Zhang and Baptista, (2008).

2.2.2. Model domains and boundary conditions

A two-level model nesting approach is required to resolve the complex tidal
hydrodynamics of the Wellington Harbour region.

The MetOcean Solutions New Zealand tidal model (~5 km resolution)
provided boundary conditions for a regional-scale SELFE model of the
Greater Cook Strait region, in which a high resolution domain of the
Wellington Harbour region was subsequently nested (Figure 2.1). The
national 2D tide model was established using an implementation of POM
(Princeton Ocean Model). The New Zealand tidal model has been validated
at numerous locations throughout the domain.

The triangular mesh resolution of the SELFE domains ranged from 3-7 km
for the open ocean parts of the Cook Strait and 20-220 m for within the
Wellington Harbour. The model resolution is higher in shallow areas and
places where the seabed topography is complex. The bathymetry domain
created for the Wellington Harbour is shown in Figure 2.2.

In these tidal simulations, SELFE was run in full 2D barotropic mode over a
210-day period, with both tidal elevation and current velocities prescribed
along the hemispheric (open ocean) boundary. Tidal analysis was
undertaken at each model node to provide elevation and current amplitudes
and phases for the dominant tidal constituents.

The residual flow regime throughout the region was extracted from a 10-year
hindcast of all New Zealand that was implemented as a part of a national
oceanic connectivity project for the Ministry of Primary Industries (MPI). This
study included a comprehensive validation process using measured current
and tidal data from throughout New Zealand.

MetOcean Solutions Ltd
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2.2.3.  Hydrodynamic model validation

The SELFE hydrodynamic model was validated with measured current
profile data collected using Acoustic Doppler Current Profiler (ADCP)
instruments deployed at several locations throughout the harbour channel
and within the proposed disposal ground adjacent to the Thorndon
Container Wharf. Details of the model validation and results are presented in
the companion Report MSL P0214-01.

\ -

Figure 2.1 Greater Cook Strait (black) and Wellington Harbour (red) SELFE domains.
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Figure 2.2 Bathymetry of the high resolution SELFE domain of Wellington Harbour. Depth
is positive downward and expressed in meters.

2.3. Dispersal modelling

An in-house Lagrangian particle model was used to simulate the trajectories
and settlement of sediments associated with the proposed dredging and
disposal activities. This model consists of a trajectory scheme applied to 2D
or 3D Eulerian current field (&, ) solving for the motion of discrete particles.

du

—2 =0(x,y,zt)+u

" (xy.zt)+u,

dvp _

E =V(X, Y,zt)+v, (2.14a,b,c)
dwp

dt W Wy W,
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where (u,v,W;) are the diffusion components representing turbulent motions,
ws is the particle settling velocity and wy is a vertical velocity component
accounting for bathymetric gradients.

In the horizontal plane, the model uses an Ordinary Differential Equations
(ODE) solver, including a 4™ order Runge-Kutta method, to calculate the
trajectory of a given particle (up,v,) in the time-varying derivative field.

Diffusion is treated using a random walk approach with the following
equation, shown here for the u; component:

Tomo ¢80 08— pip (2.2)
where — plp is a random number from a uniform distribution between -1

and 1, Dt is the time step of the model in seconds and k,, is the horizontal
eddy diffusivity coefficient in m?.s™.

In absence of specific field data, the determination of the diffusion coefficient
kuv is generally based on guidance from empirical relationships. Several
relationships are summarized in Fischer et al., (1979) including that of Elder,
J.W., (1956) for simple unidirectional shear flows that estimates the
longitudinal diffusion coefficient as a function of the water depth and current
velocity of the form,

k,, =5.93H.U’ (2.3)

where H and u* are the water depth and friction velocity respectively.

Transverse mixing can be estimated using a relationship of the same form
but with reduced proportionality factor (with 50 % error bound).

~06.HU (2.4)

ktran sverse

The vertical diffusion is generally expected to be at least one order or
magnitude small er. El derés formula suggest

Kyorices ~ 0-067H.U" (2.5)

These equations can be used to provide a bracketing of reasonable diffusion
coefficient values. Assuming a generic depth of 15 metres at the release site
and a current velocity in the range 0.05-0.1 m.s™, the above equations yields
coefficient of ~[0.2-0.5] m®.s™, [0.02-0.05] m*.s™, and [0.002-0.005] m?.s™ for
the longitudinal, transverse and vertical diffusivities respectively.

Furthermore, in numerical models, the role of the horizontal diffusion
coefficient is also to implicitly account for sub-grid scale turbulent processes
such as eddies that are not explicitly resolved in the model due to the limited
grid resolution. This means that horizontal diffusion must generally increase
as grid size increases since eddies of increasing scale are unrepresented.
Conversely, the reduction of grid size allows explicit resolution of flow
patterns and eddies at finer scales which thereby reduce the required
amount of added diffusion.
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For dispersion at oceanic scales, Okubo, (1971) notably showed that k,,
varies approximately (with wide scatter) as :

k,, =a.L"® (2.6)

where L is the horizontal scale of the mixing phenomena.

Using a generic grid size of ~75 m in the inner harbour where particle

tracking simulations were undertaken as a general length scale, the various

diagrams provided in Okubo, (1971) yielded an average diffusivity of ~0.1

m2.s™. Note however the near field grid scale in the vicinity of the dredging

and disposal areas was 20-30 m. Here, this value is in general agreement

with the ranges pr oV inthehbrizintal plare drel wass f or mu |
used as a generic value for the horizontal diffusivity in the simulations. The

vertical diffusion was set two orders or magnitude smaller at 0.001 m?.s™.

The trajectory of particles in the vertical plane is controlled by the particle's
settling velocity ws, the vertical diffusion component w; as defined in
equation 2.1c with a constant vertical eddy diffusivity coefficient k, of
0.001 m?s™, and a component wy related to the bathymetric gradient to
ensure that the trajectory of a particle close to the sea-floor is parallel to it
(before settling and diffusion components are applied):

_(h-z)é~ dh - dh@
W, = X, y,zt)3 —+Vv(Xxy,z1t)3 — 2.7
; . é@( y,zt) i (X ¥,zt) dy@ (2.7)

where z is the particle elevation above the seabed, h is the water-column
height at the particles' horizontal location (x,y), (U, V) is the 3D current field

adh dh@
from equation 2.1 and %’d_yg is the bathymetry gradient. When using

¢
2D depth-averaged current fields, a logarithmic profile is used to
extrapolate the depth-averaged magnitudes to any level in the water
column.

In the present model implementation any particle reaching the shoreline,
the seabed or the outside domain boundaries remained at the position of
intersection (i.e. 'sticky’ boundaries), thus allowing no sediment re-
suspension to occur.

2.4. Simulated scenarios

A range of particle tracking simulations were undertaken to assess the
effects of dredging and disposal activities.

2.4.1. Representative sediment classes

Particle size classes representative of the material to be dredged were
determined based on recent sample data provided for the project. Sample
positions and associated grain size characteristics for the dredge and
disposal area are provided in Figure 2.3, with sediment sizes within the
dredged area shown in Table 2.1. The variability between sites is likely due
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to preferential removal (winnowing) of the finer grain size particles due to
propeller wash.

Surficial sediment grain size within the dredge area shows considerable
variability, with dso grain sizes ranging from fine silt to coarse sand, with a
median grain size corresponding to a fine sand size (125-250 um). The
sampled d;, grain sizes indicate that there is also a quantity of silt material
which is dominant at sites 5, 7 and 8, as shown in Table 2.1. Samples in the
vicinity of the disposal sites indicate finer surficial sediments throughout the
area with median grain sizes consistently in the medium-fine silt range (~10
pm). Based on the sediment distribution in the TCW area, it was decided to
select two conservative sediment size classes, namely fine sand and silt
(Table 2.2).

Silt is a cohesive material in which individual particles tend to bond together
to form | arger part i Adaeresudtgitgsrgengrally ros
realistic to assume that the suspended material consists of single dispersed
particles since flocculation effects will increase effective settling rates and
thus reduce the time sediment remain in suspension (e.g. Van Rijn, 2007).
The formation of such flocs is a complex process which depends on
numerous parameters including nature of sediment, ambient concentration,
concentration in dredger load, ambient salinity, temperature, clay type,
organic content, concentration, turbulence etc. In general, settling velocities
of cohesive particle aggregates can be expected to be of order 0.1-10 mm/s
(e.g. Berlamont, et al., 1993). In a dredging or disposal context where
suspended sediment concentrations are expected to be relatively large, it is
reasonable to limit settling velocity for the flocculated silt material to ~ 1
mm/s (e.g. Smith, and Friedrichs, 2011) which is equivalent to effective
aggregate sizes of order ~40 pm.

The representative grain size for the fine sand fraction was conservatively
taken as equal to 150 um which is approximately the median value of ds,
sizes within the dredge area (see Table 2.1). The settling velocity was
determined using equations by Van Rijn, (1993) and is ~12 mm.s™. In
general, the sand fraction will have limited effects on the potential
suspended sediment plumes because of its larger settling rates. It is noted
that sediment coarser than the considered fine sand, which is indeed
present within the dredge area, is not expected to have a significant effect
on the plumes and was therefore not included in the simulations.

MetOcean Solutions Ltd 10
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Figure 2.3 Surface sediment grain size characteristics (d;o, dso and dgp).
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Table 2.1 Sediment sizes within the dredge area (see Figure 2.3).

Depth | Sample | d10 | d50 | d90 | Classification (d50)

[m] |depth [m]|[um] | [um] | [pm]

Site 1 12 0 4 | 199 | 991 Fine sand
Site 2 12 0-1 8 | 291 |1224 Medium sand
1-2 6 | 251 |1027 Medium sand
2-2.4 5 | 226 | 1258 Fine sand
2.4-2.7 13 | 726 | 1482 Coarse sand
Site 3 14 0-0.5 2 | 105 | 868 Very fine sand
0.5-1 141 | 779 | 1487 Coarse sand
Site 4 125 0 11 | 451 | 1641 Medium sand
Site 5 13 0-0.3 2 49 | 396 Coarse silt
0.3-1 1 25 | 104 Medium silt
1-2 35 | 606 | 1453 Coarse sand
Site 6 12 0 65 | 945 | 1566 Coarse sand
Site 7 13 0 3 28 | 287 Medium silt
Site 8 135 0-0.6 2 8 33 Fine silt
0.6-1 1 6 18 Fine silt
Site 9 12.5 0-1.1 2 | 136 | 883 Fine sand
1.1-2 2 14 | 73 Fine silt
Site 10 12 0 11 | 810 | 1510 Coarse sand
Surface Sample
Median - - 4 | 168 | 937 Fine sand
Mean - - 11 | 302 | 940 Medium sand
Min - - 2 8 33 Fine silt
Max - - 65 | 945 | 1641 Coarse sand
All Samples
Median - - 5 | 213 | 1009 Fine sand
Mean - - 17 | 314 | 906 Medium sand
Min - - 1 6 18 Fine silt
Max - - 141 | 945 | 1641 Coarse sand
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Table 2.2

Sediment classes considered in particle tracking simulations.
i) Effective d50
velocity

Sediment class [mm.s™] [um]

Silt 1 40

Fine sand 12 150
2.4.2. Dredging and disposal operations

It is expected that the dredging and disposal operations will be undertaken
using trailing suction hopper dredgers with potential capacities in the range
~600 and 10,000 m®. Modelling these two dredge vessel sizes effectively
brackets the likely range of plume effects for dredgers.

The processes by which sediment is released and/or suspended in the water
column during dredging and disposal operations are briefly outlined here in
the context of the choice of release depths for the particle tracking
simulations. During dredging there are typically three potential sources of
sediment that can be entrained into a passive plume;

M Sediment entrained due to the disturbance of the surficial sediment
by the dredger drag-head,

1 Sediment entrained due to the overflow of the hopper, and

1 Prop wash from the dredge vessel.
In the present application and following client feedback, it is expected that
no overflowing will be undertaken to minimize dredging plume. The primary
sources are the drag head and prop wash disturbance, and for both of these

sediment release was set in the model to 3 m above the seabed.

The processes associated with the disposal of dredged sediment include:

9 Stripping/detrainment of sediment from the dynamic plume during
descent, and
1 Sediment suspension following of the bottom impact and spreading

of the dynamic plume.

Simulations of disposal of material at the proposed disposal ground are
modelled by releasing sediment from the base of the dredge hull at 4 and 8
m depth for the two representative vessels, and within a 3 m layer above the
seabed to represent the spreading of the dynamic plume following impact
with the bed. In general, it is expected that the amount of sediment detrained
from the dynamic plume during descent is only 1-5 % of the total load, while
the majority of the suspended sediment is typically confined in a well-defined
bottom layer resulting from the impact of the dynamic plume, with thickness
above bottom of order 15-20% of the total water depth (Truitt, 1988).

Representative sites considered in the dredging and disposal simulations
are shown in Figure 2.4.

MetOcean Solutions Ltd
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Figure 2.4 Release sites considered in particle tracking simulations at the TCW area.

2.4.3. Hydrodynamic forcing scenarios

Several forcing scenarios were considered to capture the entire range of
conditions expected at the site and to provide robust estimation of the spatial
excursion of plumes.

Disposal and dredging activities were first simulated over a complete spring-
neap tidal cycle (~28 days) assuming pure tidal forcing and a constant
release of material over time. To assess the effects of winds on the dredging
and disposal plumes, the 28-day period was re-run adding wind forcing from
the north and south sector with speed of 10 m.s™ (~20 knots). Note the level
10 m.s™ is approximately the 75" percentile of wind speed, meaning that this
magnitude is exceeded only about 25% of time. Note the effect of the wind is
in the 3D currents that are set up by the wind, rather than direct forcing on
the numerical particles.

For completeness, these simulations were also supplemented by a set of
particle tracking runs forced by the measured 3D current profiles recorded
by an ADCP instrument located within the proposed disposal ground (see
Figure 2.5). Here, the currents measured at the disposal site were assumed
to be constant within a rectangular area broadly encompassing the disposal
ground and adjacent quays.
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Figure 2.5 ADCP position used to measure current velocities. TCW dredge and disposal

2.5.

areas are shown in red and in black, respectively

Post-processing methods

The model results were analysed to produce probabilistic footprints of the
particle excursions. Excursion contours are defined by first computing all the
particle distances from release and then defining a range of distance
statistics (e.g. percentiles) in each directional sector around the release
location. For a given percentile level X, the excursion distances in each
directional bin form a contour around the release location which can be
interpreted as the spatial footprint including x% of all the particles. These
contours were determined for the suspended and deposited particle clouds
at three percentile levels; 90, 95 and 99" of the distance release-particles.
The percentile contours at the 90, 95, and 99™ percentile levels should be
interpreted as contours including 90, 95 and 99 % of the suspended or
deposited particles (see Section 2.3).

With respect to suspended plumes, it was assumed that any surface plume
would not be visible at the point where patrticles settle into the lower half of
the water column (i.e. ~10 m below surface), at which point it is highly
unlikely to be visible from the surface. Clouds of particles at this stage (i.e.
when moving in the lower water column) where identified throughout the
simulations and contours were defined to characterise their spatial
dispersions. This provides a relatively conservative picture of the plume
extents, since the plume is expected to progressively spread moving
downward (i.e. the plume extents before the moment it reaches 10 m below
the surface is expected to be more compact). Note that no significant plume
is expected in the upper water column during dredging given that no
dredging overflow is anticipated (as per client supplied information). As a
result, only the deposition resulting from the dredging activities are included
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for the dredging simulations. For disposal, suspended sediment plumes and
deposition footprints are included for both small and medium trailing suction

hopper dredgers, with release depth of 4 and 8 m below surface
respectively.
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3.

3.1.

RESULTS

Hydrodynamics at the proposed disposal ground

The hydrodynamic conditions at the proposed disposal ground were
initialised characterised from the concurrent measurements of winds, waves,
and 3D current velocities at the location shown in Figure 2.5, with results
from this data collection presented here in Figure 3.1 and Figure 3.2. These
data indicate the hydrodynamic regime is complex.

3.1.1. Wind and waves

Measured wave heights are mostly <0.5 m, and consist of locally generated
short-period seas. There is no evidence of wave forcing to the local
hydrodynamics.

3.1.2. Wind and currents

A clear correlation between wind and current is evident, particularly in the
surface layer. Here, the north-south surface current vector (i.e. the V-
component) closely follows the variations north-south wind vector. This is
particularly evident over the period 18" Oct to 30" Oct 2014 during which
time many periods with wind and current reversals were recorded.

The comparison of measured current velocities at several levels in the water
column also indicates high variability in magnitude and direction. On many
occasions, sustained north-westerly winds appear to drive currents with a
relatively homogeneous vertical structure (e.g. 29" Oct, 23 to 29" Nov
2014) with velocities generally decreasing from surface to bottom as
expected. This response is not reproduced during the first few days of the
deployment (13"-18" Oct. 2014) during which time the currents exhibited
significantly more variability. In contrast, periods of southerly winds (e.g.
19"-21% and 25™-28" Oct 2014) appear to drive a pattern of north-directed
currents on the surface and an opposing flow lower in the water column.
Note, this stratification may also be further enhanced by the frequent wind
reversals over the period which may disturb or delay the local hydrodynamic
adjustment to instantaneous conditions.

3.1.3. Near bed currents

To assess the potential for sediment mobilisation and re-suspension at the
disposal ground, the measured near-bed currents were used to estimate a
time series of bed shear stresses for comparison with critical shear stress
magnitudes of the seabed. Current speed and direction measured at 2.1 m
above seabed, as well as estimated bed shear stresses are shown in Figure
3.3 and joint probabilities of current speed and direction are provided in
Table 3.1 to Table 3.3.

Near the seabed, the measured current velocities were mostly in the range
0-0.1 m.s™, with several events at ~0.15 m.s™. These current velocities
correspond to bed shear stresses in the range 0-0.05 N.m? (assuming a
generic Chezy coefficient C=80 mY2.s™ appropriate for muddy beds). The
smallest critical shear stresses for weakly consolidated mud bed can be
expected to be ~ 0.05 N.m™ (e.g. Van Rijn, 2007b) while that of fine sand is
generally comprised in the range 0.1-0.15 N.m™ (e.g. using equations by
Van Rijn, 1993). Analysis of the near-bed current velocities suggests that
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these critical shear stress thresholds were not exceeded throughout the
deployment period (e.g. Figure 3.3), indicating a very low potential for
sediment re-mobilisation once the dredged material has been disposed and
a degree of consolidation has occurred.
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Figure 3.1 Concurrent waves, winds, and currents at three levels in the water column. Waves and currents were measured by an ADCP deployed in the
proposed disposal ground and winds are from archived nowcasts for Wellington Airport.
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Table 3.1 Joint probability of current speed and direction near the sea bed (2.1 m) during the deployment period (water depth ~19 m).

[m/s]\ [deg. to] |0-20 20-40 ]40-60 |60-80 |80-100 [100-120 [120-140 {140-160 |[160-180 |180-200 |200-220 |220-240 |240-260 (260-280 |280-300 |300-320 |320-340 {340-360 |[SUM
0-0.05 4.31 3.67 3.65 2.43 2.07 2.47 2.63 3.04 3.93 3.77 3.59 3.50 2.96 3.20 4.19 3.89 4.17 4.13 61.60
0.05-0.1 2.67 3.14 1.58 0.53 0.89 1.20 1.88 2.33 3.16 3.95 2.73 1.17 0.97 0.73 1.15 1.30 1.80 1.50 32.69
0.1-0.15 0.12 0.14f 0.20f 0.06 0.16 0.34 0.26 0.26 1.20 0.93 0.91 0.10 0.04 0.02 0.06 0.18 0.24 0.28 5.53
0.15-0.2 0.02 0.00f 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.02 0.18
0.2-0.25 0.00f 0.00{ 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.25-0.3 0.00{ 0.00{ 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 7.13 6.95 5.45 3.02 3.12 4.03 4.78 5.63 8.28 8.67 7.25 4.78 3.97 3.95 5.41 5.37 6.28 5.93] 100.00

Table 3.2 Joint probability of current speed and direction at mid depth (~9 m above seabed) during the deployment period (water depth ~19 m).

[m/s]\ [deg. to] |0-20 20-40 |40-60 |60-80 [|80-100 [100-120 [(120-140 [140-160 {160-180 |180-200 |200-220 |220-240 |240-260 |260-280 |280-300 [300-320 [320-340 [340-360 |SUM

0-0.05 3.61 2.67 2.09 1.80 1.92 2.53 3.61 4.09 5.53 5.19 4.35 3.50 3.56 2.94 3.00 3.61 3.52 3.67 61.19
0.05-0.1 1.54 0.53 0.45 0.18 0.34 0.63 148 4.09 6.44 5.67 3.59 1.84 0.93 1.15 1.50 1.52 1.60 1.40 34.88
0.1-0.15 0.00 0.00 0.00 0.02 0.00 0.00 0.10 0.57 0.93 0.71 0.57 0.10 0.14 0.02 0.12 0.12 0.10 0.08 3.59
0.15-0.2 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.08 0.12 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.28
0.2-0.25 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.06
0.25-0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUM 5.14 3.20 2.53 2.01 2.27 3.20 5.19 8.83 13.04 11.59 8.51 5.45 4.64 4.11 4.64 5.27 5.25 5.14] 100.00

Table 3.3 Joint probability of current speed and direction near the surface (~17m above seabed m) during the deployment period (water depth ~19 m).

[m/s]\ [deg. to] |0-20 20-40 |40-60 |60-80 |80-100 [100-120 [(120-140 [140-160 {160-180 |180-200 |200-220 |220-240 |240-260 |260-280 |280-300 [300-320 [320-340 [340-360 |SUM

0-0.05 2.23 1.62 1.64 1.54 1.84 2.05 3.18 3.34 3.52 2.98 2.94 1.92 1.99 1.54 144 132 0.95 1.26 37.29
0.05-0.1 2.39 2.09 1.17 0.49 0.67 1.01 251 4.72 7.94 6.12 4.33 2.03 1.70 1.03 0.93 1.11 1.24 1.50 42.98
0.1-0.15 0.43 0.30 0.02 0.02 0.02 0.18 0.41 1.70 4.88 4.05 1.76 0.73 0.14 0.10 0.16 0.36 0.30 0.24 15.82
0.15-0.2 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.53 1.64 0.95 0.14 0.04 0.02 0.02 0.00 0.02 0.00 0.00 3.38
0.2-0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.32 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47
0.25-0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06

SUM 5.04 4.01 2.84 2.05 2.53 3.24 6.14 10.35 18.31 14.22 9.18 4.72 3.85 2.69 2.53 2.82 2.49 3.00] 100.00
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Figure 3.2

10%

Rose plot of currents measured by the ADCP at the disposal site at bottom, mid depth and surface levels (left to right) (~2, 9, and 17 m above
seabed respectively, water depth ~ 19 m).
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