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1. Introduction

1.1 Project Next Generation

Project Next Generation is an initiative by Porta@a Ltd (POL) to expand the
capability of Port Chalmers to handle larger corgaivessels of up to 8000 TEU
capacity through a substantial channel deepening capitaksvproject. The main

Harbour channel from Port Chalmers to HaringtondBeould need to be dredged to
15 m below Chart Datum to accommodate such vesbelswould need to be

deepened to 17.5 m below Chart Datum in the oftshapproach channel to
accommodate vessel motions arising from a comipinati waves, swell and currents.

As part of assessing environmental effects for d@toNext Generation, Port Otago
Ltd. commissioned NIWA to carry out hydrodynamiaspersion and sediment
transport modelling investigations. The modellingoyides quantitative or
comparative before-and-after information to undenbie assessments of the possible
effects of dredging and disposal operations on kadgo Harbour and offshore-shelf
environments.

Wave modelling in the Harbour and offshore was uta#ten by MetOcean Solutions
through a separate contract with POL, but theirevanodelling results are presented
here in this combined report on all the numericaldeiling investigations. Wave
climate model results were also supplied by Met@c@alutions to NIWA for input to
sediment transport modelling.

Two oceanographic measurement programmes wereatswithin the period from

March to August 2008 to support calibration andfigation of the numerical models
and to provide insights into the flow patterns thvegére relevant to assessing
environmental effects. Within Otago Harbour, cutmmeter measurements were
undertaken in Portobello Bay and Eastern ChannelMayine Sciences Dept,
University of Otago (Bowman, 2008a, b). Offshore the inner shelf, NIWA

deployed two current/wave meters for about four th®nand measured water
properties (Bell & Hart, 2008).

A geophysical field programme carried out by Omigrnational Consultants (2008),
provided data on sediment grain sizes that werevazted to sediment settling
velocities. The geophysical data were analysed twar§ Hughes & Associates

! Twenty-foot Equivalent Unit (or TEU) is an inexastit of cargo capacity often used to
describe the capacity of container vessels. lased on the volume of a standard-size 20-foot
(~6 m) long shipping container.

Port of Otago Dredging Project: Harbour and Offehidiodelling 1
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(consultant to POL) and combined with the initinaonel desigh(15 m below Chart
Datum up-harbour from Harington Bend) to derive yaidal dredge operations
schedule, from which realistic sediment dischaages, dredged volumes and round-
trip dredging/disposal sequences were derived. & hasgameters were used as input to
sediment plume dispersion models for both the Harlayedging and the offshore
disposal.

The initial channel design, which was used as #m@sbfor the numerical modelling
simulations in this Report, would have generateduad 7.5 Mm of dredged
sediments (excluding rock). The final channel degapopted by POL in March 2009
after detailed ship-handling studies and navigafioequirements) would yield a
slightly lower volume of dredged sediments at atbi06 Mni to be disposéed
(which is 6% less than for the initial channel de3i The slight modification in
channel design only affects some of the model sitiaris already undertaken, namely
for assessing changes in the tidal characterigtic©tago Harbour and sediment
deposition over the dredging programme. Accordingigly these simulations and
analyses were re-run for the final channel desigupdate the assessments discussed
in this Report.

1.2 Summary of Brief for Numerical Modelling

1.2.1  NIWA modelling

The main components for NIWA's Brief were to prowignodelling services to
support the environmental impact assessment okedged 15 m deep channel and
effects of the associated dredging operations|bsie:

Otago Harbour:

0 Hydrodynamic modelling (currents, tides and windis) addition to
supplying output from these models to external manibrs for ship-
handling simulations and wave modelling.

o Dispersion modelling of suspended-sediment plumaseiated during
the dredging operation.

2 Currently channel depths from Port Chalmers toindsion Bend are maintained at a channel
bed level of 13 m below Chart Datum (but deepeh@offshore approach channel).

% In reality, this volume will be somewhat lower diwesediment losses from plumes generated
during the actual dredging operation.

Port of Otago Dredging Project: Harbour and Offehidiodelling 2
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Offshore shelf region:

o Hydrodynamic modelling (currents, tides, winds) tte shelf region
centred on the Otago Heads.

o Dispersion modelling of the short-term behaviousa$pended-sediment
plumes generated following disposal of materiatrfrithe dredge hopper
at regular intervals.

0 Sediment transport modelling of the long-term mogamof material
from the mound deposited on the disposal area.

NIWA applied DHI MIKE-21 and MIKE-3 models respeatly to Otago Harbour and

the shelf area offshore to simulate hydrodynammw$l and plume dispersion
modelling. The sediment transport model was dewslom-house by a world-

recognised sediment transport expert at NIWA andbased on well-respected
sediment-transport formulae. Outputs from NIWA'dfgdynamic modelling studies
are either discussed in this Report or were paseet other external consultants to
provide input to ship-simulation studies or to theave modellers (MetOcean
Solutions) in the form of total current velocitiestheir tidal components.

1.2.2 MetOcean Solutions modelling

The main components for the Brief to MetOcean $whst were to provide wave

modelling services to support ship-handling imgeibns and the environmental
impact assessment of a dredged 15 m deep chanimh epd associated disposal as
follows:

Otago Harbour:

0 Wave modelling of the existing channel that incldidbe influences of
fetch from different wind directions, wind speeddatidal currents
(sourced from NIWA modelling) for the purposes tiatacterising the
wave climate within the Lower Harbour. This wavémmation was also
used as input to ship-handling simulations andniewpin an assessment
of the likely effects of a deepened channel on elim@s and channel
margins in and around the Harbour (Single et 80920

Offshore shelf region:

o0 Wave hindcast modelling focused on the shelf regientred on the
Otago Heads covering at least 5 years, which coespahe wave
characteristics before and after the offshore digspbonound has been
fully formed. As above this information also proe& information to

Port of Otago Dredging Project: Harbour and Offehidiodelling 3
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underpin an assessment of the likely effects ofdisposal mound on
coastal shorelines and margins.

MetOcean Solutions applied the SWAN (Simulating W&vNearshore) model
separately to Otago Harbour and the shelf aredafésto simulate wave spectra.
Wave hindcast results for the shelf region, inatgddisposal mound options, were
passed to NIWA to undertake sediment transport fiinde

13 Main purposes for numerical modelling

The contribution of the different numerical modéds the assessment of the main
environmental impacts can be mapped as follows:

Numerical model type Range of environmental impact assessments supported

Hydrodynamic (flow) models | Changes to currents and tide ranges before and after
dredging.

Provides flow fields as input to all the remaining models
below.

Particle-tracking dispersion Tracking sweep zones, concentrations and seabed
models deposition in the Harbour from suspended-sediment plumes
generated at the seabed and near surface during dredging.

Tracking sweep zones, concentrations and seabed
deposition from suspended-sediment plumes generated at
the offshore disposal site (i.e., short-term effects).

Wave/swell models Provide wave characteristics (height, period, direction) inside

. the Harb ffshore for:
(MetOcean Solutions) € narbour or otishore for

1. assessing changes to coastal and harbour shorelines
and margins from differences in waves due to a
deepened channel and/or disposal mound;

2. assessing ship-handling characteristics to ensure safe
navigation;

3. quantifying changes in wave height arising from the
physical size and shape of the offshore disposal mound;

4. long-term sediment transport from the disposal mound.

Sediment-transport models Predict how often, at what rate and where fine sand from the
disposal mound moves in the long term.

1.4 Scope of technical report

This technical report summarises the methodologydehcalibration and verification
processes and provides the key results in tabul@iod format for a 15-m Harbour
channel option (which terminates with a channel legdl of 17.5 m relative to Chart

Port of Otago Dredging Project: Harbour and Offehidiodelling 4
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Datum in the offshore approach channel). The regetails the main findings from

the modelling investigations that are relevant tothbthe environmental and
navigational/ship-handling outcomes of Project Negheration. Interpretations of the
modelling results in terms of likely levels of eronmental impact or ship-handling
performance were undertaken separately in comparteehnical reports or

investigations.

To place the hydrodynamic and wave model resultsomtext, the report outlines
observed hydrodynamic features of Otago Harbourt@dhelf region offshore in its
present configuration, before discussing the ptedichanges following deepening of
the shipping channel and offshore disposal of $soeated dredged sediment. This
newer, higher-resolution information on the tidesd aflows for the Harbour
supersedes preliminary findings presented in atieedeasibility investigation by
Oldman et al. (2008) using a coarser, uncalibra@m grid model of the Harbour.

Sediment plume concentrations and sediment deposithlues extracted from the
modelling results are the direct increases duén¢odischarge of sediment over and
above the background concentration or seabed depo&iom natural processes or
other discharges. Setting the background conc@nigato zero in the plume models
allows a direct comparison of the additional efedtie to dredging operations and can
be more easily applied to setting consent monigpecionditions as an allowable excess
concentration relative to background concentratioifie context for actual
background concentrations of suspended sedimetiieénHarbour is discussed by
James et al. (2009).

15 Geographic context

This Report conveniently divides the modelling diggion, results and analysis into
the two receiving environments, which are: 1) thevimns of Otago Harbour
including the approach channel and; 2) the widelfsirea offshore from the Harbour
Entrance.

1.5.1 Otago Harbour

Otago Harbour is 21 km long along a SW/NE orientatiThe Harbour occupies an
area of approximately 46 Krwith a spring tidal prism (volume that flows owten an

ebb spring tide) of 66xf0m® (Old & Vennell, 2001). The tidal range varies from
approximately 1.2 m on a mean neap-tide to aroufidn2 on a spring tide at Port
Chalmers, with approximately an additional 0.1 neré@se in range at Dunedin

Port of Otago Dredging Project: Harbour and Offehidiodelling 5
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Wharf? Currents are dominated by the tides, with somiliity due to forcing from
the prevailing south-west and north-east winds.

Geographic sites referred to in this Report arevshio Figure 1.1. The main Harbour
channels referred to are: shipping channel (En&ratoc Port Chalmers); Victoria

Channel (shallower navigation channel in the Uggarbour from Port Chalmers to

Dunedin bounded by half-tide training walls in Figl); and Eastern Channel (side
channel from Kilgours Point to Grassy Point (Fid.)1

1.5.2 Otago Heads shelf

The inner shelf area of interest, centred on Otdgdbour Entrance, extends from
Cape Saunders in the south up to Green Point ataitikern end of Blueskin Bay and
out to the 30 m depth contour. This area is shawfigure 1.2.

Two key sandbars are referred to in the Repotheortherly-oriented ebb-tide sand
bar at 6—7 m depth on the eastern side of the approaahnel that terminates near
Landfall Tower (see Fig. 1.2); and, b) the northeniented submergent sand deposit
offshore in 25-29 m water depth, that extends forkéh from Cape Saunders to
gradually thin out on the middle shelf opposite ittare (see Fig. 1.2). Carter (1986)
and Carter et al. (1985) refer to this offshoredsteature as the Peninsula Sgihe
options assessed for dredged-sediment disposalaieon the landward side of the
Peninsula Spit or on the Spit itself up to the mem terminus at the 30 m contour
(Fig. 1.2).

The ebb-tide jet emanating from the Harbour Eneatitannel off Landfall Tower is
directed to the NNE, with flood-tide flows enterifrgm both sides based on a current
meter deployment during the 1988 Otago Harbour @oahannel deepening
investigation (Barnett, 1988). Measurements durthg supporting 2008 field
programme (Bell & Hart, 2008) show the tidal cuteemapidly dissipate from the
approach channel to become a minor contributouteeats on the inner shelf, while
wind-generated currents and the Southland Cur@mirchte.

4 http://www.linz.govt.nz/hydro/tidal-info/tide-taksétidal-levels/index.aspx

Port of Otago Dredging Project: Harbour and Offehidiodelling 6
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Figure 1.1:  Geographical sites in Otago Harbo8o[rce:©LINZ 1:50,000 topographic maps].
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and Harbour S4 current-meter sites (yellow circlaB)ring the 2008 field
investigations. $ource:Chart NZ661, ©LINZ].
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2. Hydrodynamic and wave observations

This chapter provides more details on relevant@sps the hydrodynamic regime of
both the Harbour and offshore shelf and the waiveatk to provide some background
understanding before changes likely to occur frommdredging project are modelled
and discussed.

2.1 Tidal wave propagation in Otago Harbour and phase lsanges

Figure 2.1 shows a time history of measured tigeltefrom POL gauges at Dunedin,
Port Chalmers and the Spit Jetty (near Taiaroa Hemadone tidal cycle of a larger
spring tide recorded in January 2007. The combpietillustrates the tide-wave form
as it propagates up Otago Harbour. There are twddagures.

Firstly, the tide range increases with distancemfrthe harbour entrance due to
friction, shallow-water effects and reflection bkttidal wave. For example, in Figure
2.1 the high water level at Dunedin of 2.25 m corapavith a lower high-water level

of 2.03 m at the Spit Jetty, and the tide rangehis day was 2.04 m at Dunedin
versus 1.73 m at the Spit Jetty (an 18% increasanige up the Harbour).

Secondly there is a phase (time) lag between tjte dvi low tides with distance up the
Harbour. On this particular day (22-Jan-2007),High tide at Port Chalmers lags the
Spit Jetty by around 18 minutes, with a further Egaround 15 minutes up to
Dunedin Wharf (a total lag of 35 minutes). Howelaw tide at Port Chalmers lags
the Spit Jetty by around 45 minutes, with a furtlegy of around 50 minutes up to
Dunedin Wharf (a total lag of 95 minutes). Venr&IDId (1999) show that the time
lags for high and low tides at Port Chalmers, nedatto the Spit Jetty, varied
considerably over a 105-day period, with the lag Hagh tide in the range 5-20
minutes and for low tide from 35-60 minutes. Thasmn for the longer phase (time)
lags during low tide is the tidal wave propagatiea speed proportional to the square-
root of the depth (i.e., \/F), so as the average water depth in the Harbowrceed
considerably towards low tide, the tide wave slo/n, lengthening the ebb tide and
shortening the flood tide. Also, the lag or delegets for low tide are shorter for the
stretch from the Spit Jetty to Port Chalmers, camgbawith the Upper Harbour,
because the Lower Harbour is deeper, allowing iihe Wwave to propagate slightly
faster.

Port of Otago Dredging Project: Harbour and Offehidiodelling 9
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2.5

—— Taiaroa Head (Spit Jetty)
—— Port Chalmers
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Time (hh:mm NZST) 22-Jan-2007

Water level (m; CD)

Figure 2.1:  Measured spring tide levels (22-Jan-2007) at Sty JPort Chalmers and Dunedin
showing the tidal phase lags at high and low tideving up Otago Harbour and
differences in tidal range.

This leads on to the implications for deepening mia@igation channel—a deeper
channel will generally cause a smadlvancein the time (i.e., phasing) of the low and
high tides within the Harbour (considering calm evtonditions). The effect of such a
change in phase on water levels (and similar fdal tcurrents), which needs to be
considered in the results in Chapter 5, is illustltain Figure 2.2. Here a schematic
tide curve, that has been advanced by a nominahGtes (e.g., simulating the effect
of a deeper channel), is plotted against the ptdgncurve for a particular location.
At high water the effect of the phase advance laively small because the slope of
the tide curve is quite flat (at this location amyM Therefore, model predictions at a
fixed or clock time (e.g., 7.10 hours in Fig. 228)uld indicate only a small change in
predicted high water due to dredging. However dutime mid ebb and flood tides
(when the slope of the tide curve is at its maxirjjuarsmall phase advance can show
an apparenthange in water level (for a given date/time)—tlis example between
0.03 and 0.05 m. So much of the “apparent” changeaiter level may be due to the
phase (timing) shift in the whole tidal curve rathigan changes in peak speeds or tide
range.

Therefore, in terms of hydrodynamic and ecologeféécts on the Harbour, the key
changes to watch for are actuhlanges in the magnitudes of tide range, highland
tide levels and peak ebb and flood-tide curreméspective of timing (phase) changes.
These actual differences arising from a deepenadnei are quantified in Chapter 5.

Port of Otago Dredging Project: Harbour and Offehidiodelling 10
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Figure 2.2:  Schematic tide curve illustrating the effect of-anthiute tidal phase advance on tide
levels at any fixed (or clock) time.
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2.2 Harbour hydrodynamics from previous and supporting 2008 studies

Previous hydrodynamic model and field programmesdaoted in Otago Harbour
provide an extensive set of data and modellinglt®sun which to build the present
model study. Barnett (1988), Wilson & Sutherlan®91), Old (1998) and Old &
Vennell (2001), along with a series booklets oéltidurrent patterns such as Vennell
& Old (1999) produced by Dept. of Marine Sciencei@idrsity of Otago) for POL
from May 1998 to June 2000, provided useful dasasgevant to the main shipping
channel for the calibrating and verifying the hydiroamic model of the Harbour.
Utilising these datasets also meant that the 2@l frogramme could concentrate on
measurements from the eastern side of the Harbberenfew measurements exist,
but are nevertheless important in assessing pategffiects arising from dispersing
suspended-sediment plumes.

Wilson & Sutherland (1991) summarised the tidalpagation process within the

Harbour using the tidal amplification and averadmge lag between the Harbour
Entrance and Dunedin. They found that for largeingtides, the amplification of the

tidal range between the open coast and Dunedinlwla® (or ~18%) and the tidal

phase lag (averaging low and high tides) was 1d@8 (65 minutes). These values
are in good agreement with the values extracteah fifte tide curve data in Section
2.1.

Velocity measurements from the Victoria Channelcbeamarker #4 just south-west
of Goat Islandindicate spring tide currents peak around 0.8an/flood tide and 0.6

m/s on the ebb tide (Barnett, 1988). At Haringtoen& (Fig. 1.1) in the Lower

Harbour, recorded neap currents are around 70%rivfgscurrents and the maximum
spring ebb currents of up 0.8 m/s were recordedngua tidal gauging (Barnett,

1988). However, using an Acoustic Doppler Currertfier to provide much more

extensive measurements, Vennell & Old (1999) fospdng ebb currents on a 2 m
tidal range in Harington Bend peaked at 1.3 m/8.6rknots just to the north of No. 6
Beacon (NZ Chart 6612) around 2.5 hrs after higtem@W) at Port Chalmers.

Within the constricted tidal flow in the entrance the Harbour, peak spring-tide
currents of 1-1.55 m/s or 2-3 kribtsave been recorded on the flood tide between
Harington Point and the Spit Jetty (Old, 1998; h@& Old, 1999), whereas the
maximum ebb-tide current in the same area onlyhmdcl.2 m/s. This means the
entrance flows are flood dominant. The strong caysece and strengthening of the

® upper-harbour channel beacon #4 on Chart NZ66i®referred to as #4UH in Barnett et al.
(1988)

® also the same speed range mentioned in the 1944aNiical Aimanac, Part I1, indicating the
peak speeds off Harington Point appear to haveggthlittle with subsequent dredging.

Port of Otago Dredging Project: Harbour and Offehidiodelling 12
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incoming flood-tide flow occurs between the tip thle Mole and Taiaroa Head
(locations in Fig. 1.2).

Higher currents on the flood compared with the &bk in the Entrance channel
means Otago Harbour is flood-dominant in termsaiéptial sediment transport with
a net influx to the Harbour occurring because ef tion-linear increase in sediment
transport at the peak of the flood tide relativeitte differential between peak flood
and peak-ebb current velocities. However to mainguilibrium of the volume
flowing in and out of the Entrance, the ebb tideation is longer at 6.48 hours than
the flood tide that occurs over a somewhat shdst®d hours (Old, 1998). The
velocity measurements from beacon #4 in the Viat@hannel (referred to above)
also indicate a flood dominance of the Upper Harbou

The tidal prism passing through the entrance onpan tide, based on current
velocity measurements using an ADCP, was 68%nfQoing out on the ebb tide and
65 x 16 m® coming in on the subsequent flood tide (Old, 19%@}h an average

spring tidal prism volume of 66x10n® (Old & Vennell, 2001). [Note: apart from
measurement tolerances, differences in tidal pasrfiood versus ebb tides will occur
as the high tide seldom returns to the exact lmaathed on the previous high tide].

Due to the extensive datasets available on curiarttse main shipping channels of
Otago Harbour from previous studies, current-mateasurements for the 2008 field
investigations (Bowman, 2008a, b) were focusechenetastern side of the Harbour in
Portobello Bay and two sites in the Eastern Chafirigl 1.2). A 1-month deployment

of an S4 current meter in Portobello Bay showedtets currents flowing to the NE

dominate, peaking at 0.3—-0.37 m/s, with SW floag-ticurrents seldom recorded
(Bowman, 2008a). At the northern site in Easterar®iel, the flood and ebb currents
were symmetrically directed along the axis of tharmel, with a higher peak flood-
tide speed (average) of 0.44 m/s compared withns3on the ebb tide (Bowman,
2008b). At the southern end of Eastern Channel acdviidrew Bay, tidal flows were

dominated by southward currents on the flood tieraging 0.33 m/s with only 0.09

m/s on the ebb tide (Bowman, 2008b).

2.3 Offshore shelf hydrodynamics

Once out of the ebb-tide jet or the influence @& flood-tide inflow off the Harbour

Entrance, the tidal component of the current flisvguite weak on the Otago shelf, as
shown in Figure 2.3 for the peak ebb and flood-ttderents on a mean tide range
extracted from the NZ tidal model of Walters et(@001). South of Cape Saunders,
the tidal-current component is parallel with theasty but north of Otago Harbour

Port of Otago Dredging Project: Harbour and Offehidiodelling 13
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Entrance, the tidal-current component is relativelgak and is directed in an
offshore/onshore orientation—onshore during thedldide. These to and fro weak
tidal components on the shelf would seldom be ofesedirectly (other than by a
current meter), as they are only a small contribttothe overall currents that are
present.

Figure 2.3:  Tide-only current velocities at peak flood tidep)tand peak flood tide bottom) for an
average tide range on the Otago sh®tiJrce:based on NZ tidal model of Waltees

al. (2001)].
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During the supporting 2008 field programme offsh(zee Fig. 2.4 for sites), current
and wave measurements were persistently made abfotige potential dredged-
material disposal sites at A1 (4 km NE of Taiaro@a) over a nominal 4 month
period from March to early August 2008 (excludirapg between deployments). For
all but one of these deployments, a concurrent AD@®ring site was also occupied
at either B1 (Blueskin Bay) or B2 (Heyward Pointishore, waves were only
measured at B2, due to a malfunction in the ADCRitat B1. The range of winds
experienced during the field programme was not da&similar to the long-term
average distribution from the long-term record atiafoa Head. But there were
slightly more west to south-west winds offset mgiby slightly less winds from the
north-east quadrant. Strong winds from the sough-aee infrequent, but one event
was measured in the last deployment, which provideght into residual (net)
current flows that coincide with large waves, witie potential for high sediment
transport rates.

Location map of the three ADCP mooring sites (es{loccupied during the 2008
offshore field programme (Bell & Har2008) plus two historic current-meter mooring
sites (diamonds) at LF88 and CM8%ource of map: extracted from Chart NZ661,
Approaches to Otago Harbour, ©Land Information 12404.
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The offshore field report (Bell & Hart, 2008) pres® a detailed synthesis of the field
measurements and draws out the key oceanograptiienateorological factors that
explain the variability and extremes in the ADCRadats.

The current velocity measurements provide a usiftdset in their own right showing
the prevailing patterns of coastal and shelf catiah in the area of Otago Heads.
Tidal currents at all three ADCP sites were a smpatiportion of the measured
currents. At Al, the prevailing residual currenftdn most cases is to the SE, with a
slight deviation to the south in the last deployt{@nly 2008). This prevailing current
drift is altered at times when moderate to stramgfls to SE winds are able to reverse
the net drift, but otherwise the more frequent wificom the SW and NE quadrants
appear to sustain the south-easterly drift. Somestiminds from a more northerly
direction cause this current drift to deviate dligimore towards the south at Al.

These results have implications for the hydrodyraamd sediment modelling for a
disposal ground offshore (Bell & Hart, 2008), witldes being negligible, the
Southland Current providing the regional contextfi@an flows (including the hint of
an eddy off Otago Heads), and the winds being tedgminant cause of variability in
net current drift in the area of Al (deviationsnfrthe SE drift), and shear between the
near-surface and near-bed layers, which can nesalirrents in opposite directions.

In Blueskin Bay (B1), the net current drift wastgwariable. For the first deployment

in March/April 2008, the current drift exhibitedosl cyclic meanders at the seabed
arising from a succession of alternate NE and SWdsvi This contrasts with the June
2008 deployment, where the current drift was mamsistently towards the northerly

quarter, due to more frequent and stronger windsmfthe SW and weaker less
frequent winds from the NE.

Off Heyward Point (B2), the prevailing net currehtft is generally eastwards at 1
km/day near the seabed. In a similar manner toAditesouth to SE winds can reverse
the net drift at B2 to be in a more NW directiowé&rds Blueskin Bay.

Consequently, the current velocity measurementaraus depths from the 2008 field
programme provide a reliable and consistent datsetalibrating and verifying
hydrodynamic, sediment transport and plume modséxi o assess environmental
effects of the proposed dredging activities.

A previous deployment of an InterOcean S4 currestiemat Landfall Tower (location

LF88 in Fig. 2.4), at the northern end of the ede-sand bar during the 1988 model
study by the Otago Harbour Board (Barnett, 198Bpwed a consistent northerly
residual current. The average residual (or dritloeity was 4.5 km per day to the
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north based on the S4 current-meter record for-dag8period from the 18-March to
7-June 1988. The only other known current-meteonérom the offshore area is a
short 4-day deployment by the Royal New Zealand yNand the former NZ
Oceanographic Institute of an Aanderaa current met21 m water depth from 5-9
February 1983 off Otago Heads (location CM83 in. Rigl). The currents from this
short deployment were consistently flowing in a Migection (mean of 40° True
North) at a mean speed of 0.2 m/s peaking at 0/§2 m

Further offshore, the flow pattern is dominatedtly Southland Current, which sets
persistently towards the north-east, although ésdeary in strength with changes in
regional winds through Foveaux Strait (Chiswell 98P The Southland Current
coalesces two main water masses, with a band aftively warm, salty Subtropical

Water on the continental shelf (sourced from thenfan Sea) and colder, fresh
Subantarctic Water offshore to the east, with thefsSubtropical Water contributing

only 10% of the flow within the overall Southlandi@ent (Sutton, 2003). Previous
inner shelf studies such a Murdoch et al. (1990)0 wombined analyses of satellite
imagery, water properties and simple flow modellinglicated the existence of an
anti-clockwise eddy in the wider Blueskin Bay inetthee of Otago Peninsula,
juxtaposed against the Southland Current. They isedrthat the eddy feature, while
persistent, could be disrupted by strong northerlgoutherly winds.

2.4 Waves

Otago Harbour is orientated along the same alighrasrthe prevailing winds from
either the SW or NE quadrants. This means that ieage heights within the Harbour
are maximised due to the larger wind fetch alonig tirientation. However, the
effective fetch is broken at the half-way point gat Island and Quarantine Island
(collectively known as the Halfway Islands) andtBbello Peninsula which form a
barrier to local wave growth throughout the Harbdtew wave measurements have
been made inside the Harbour, except for shortogepnts in the vicinity of Te
Rauone Beach by the Otago Regional Council in ZO0€Lincoln Coe, POL, pers
comm.).

Offshore, the only known wave measurements wererded routinely in 2007 by a

Triaxys waverider buoy during construction of threhtlina outfall on the southern side
of Otago Heads (Lawyers Head). The wave record flam-May 2007 (summer to
early winter) is of a reasonable quality, and wasduas validation of the wave
hindcast modelling (Section 8.4). During this 5-toperiod, the highest significant
wave height reached 4.5 m on 16 April 2007.
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The three highest wave events recorded at site Aduie 2.4) during the 2008
offshore field programme all occurred during thet ldeployment (Bell & Hart, 2008).
The highest significant wave height of 4.7 m weecheed at 1800 h on 31 July 2008,
with peak spectral periods of 11-13 seconds (swalfjving from an easterly
direction. Local winds at Taiaroa Head precedirig thave peak were from the SE.
The second highest significant wave height of 4.5vas reached a week earlier at
0600 h on 24 July 2008, with peak spectral permfdb0—-12 seconds (swell) arriving
from a SE direction, with local winds blowing fraime south.

Further inshore in 15 m water depth off HeywardnPait site B2 (Figure 2.4), the
significant wave height was substantially lowernjgared to the deeper site at Al),
due mainly to sheltering by the Otago Heads. Howehe highest wave event on 31
July with waves arriving directly onshofeom the east shows the reduction in peak
wave height was only 16% (4.0 m at B2 comparedTawat Al). Inshore at B2, the
spectral peak wave direction arrived from a muchraveer band of 60-100° True
North, compared to the exposed offshore site at RHiis feature arises from the
refraction of waves from both the south and nontio imore onshore-directed wave
trains closer to the coast.
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3. Bathymetry and Otago Harbour model grids

3.1

3.2

Introduction

A critical step in building a hydrodynamic flow avave model is to develop a
coherent and accurate set of soundings to a comdatum that describe the
bathymetry of both Otago Harbour and the offshegian. Within the Harbour, this
needs to include the topography of the intertiabfas well as the sub-tidal channels.

For the Harbour, all available soundings were ayedlaover square cells of the model
grid to schematize the seabed of the entire Haraondrapproach channel, initially on
a grid of 10x10 m cells for input to the Lower Haub wave model and then resolved
to a grid of 30x30 m celigor the hydrodynamic flow model of the existingrbiaur
bathymetry. The bathymetries of these two gridsewsubsequently modified to
include the initial dredged channel design, in orde compare wave and
hydrodynamic conditions before and after dredgigdifications arising from the
final channel design were subsequently applietied30x30 m model grid and used to
update the differences in tidal characteristicshefHarbour following dredging.

The set-up of the offshore wave and hydrodynamiaetwo is described later in
Sections 9 and 10.

Bathymetry datasets

Data from a number of sources were collated to igeovaw bathymetry for the
development of the Harbour model grid and offshshelf model grids, with an
overlap between model grids in the inner shelf aféthe Harbour Entrance.

The main sources of bathymetry data or informatiene:

e Port Otago Ltd: fairsheets and digital soundingemfrPOL holdings that
included updated 2008 surveys commissioned inregsaof the Harbour not
well covered by past surveys e.g., embayments adfjdo the main shipping
channel and side channels, and b) extensive covarathe inner shelf from
Taiaroa Head to Waikouaiti Bay north of Karitanéri®¢see Fig. 3.1).

« University of Otago (Surveying School): digital salings data undertaken for
various areas of the Harbour and supplied by POL.

730x30 m is an area almost the size of a quartersection.
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« Otago Regional Council: supplied LiDARIata for “tiles” around the Otago
Harbour shoreline and adjacent intertidal flatsisTaerial laser scanning
dataset was a subset of the Otago-wide surveyeofédhstal topography. This
data was used to fill gaps in the upper parts tériidal flats around the
Harbour perimeter, although unfortunately was tosy and intermittent to
use on the large tidal flat opposite Aramoana (looan Fig. 1.1).

* NIWA: extracted gridded seabed depths and contfmurrshe offshore shelf
area from the ocean bathymetry archive maintairyeldIiVA, particularly for
depths >200 m.

* LINZ Charts: digitised contours from LINZ Hydrogfaip Chart NZ661 for
areas not covered by POL or NIWA bathymetry dataset

All bathymetry data sources (except the deeper NIgdAtours) were converted to
Chart Datum as the vertical datum (if not alreaglyhat depth datum) and to North
Taieri Meridional Circuit Grid (1949) for the hodatal coordinate system, which is
used by POL.

8 A laser scanning technique referred to aght.Detection Ad Ranging (LIDAR)
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Figure 3.1:  POL seabed sounding lines (2 km spacing offshand)@ntours at 1 m increments
and annotated every 5 m increments (m; Chart Datillm¥trating the bathymetry
coverage within Blueskin Bay and the inner shelie Thatched squares (Al, A2)
indicate initial options for the disposal site whicoincided with the offshore areas
consented for deployment of oceanographic instrasnen

The coverage of this sounding and depth contoar idaghown in Figure 3.2.
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Figure 3.2:  Amalgamated bathymetry dataset used for the dewedop of Harbour and offshore
model grids, plotted in a WGS-84 latitude/longitud®rdinate system.

Subsequent quality assurance of the two Harbods grsing aerial photos at different
stage of the tide highlighted some areas requiiimg tuning of the bathymetry. The
following improvements to the Harbour model gridsrevmade:

* elevation above Chart Datum for the major groymethe Harington Bend area
off Te Rauone Beach (Fig. 3.3);

* channels or culverts through embankments were $igeBOL and positioned
from aerial photos (e.g., see Fig. 3.4) and incaea into the model grid to
provide a realistic flow connection into partiallppounded areas for sediment
plume dispersal modelling. Embayment connectionsevireserted in the model
grid for: a) Andersons Bay at the top of the Upplarbour in Dunedin; b) two
embayments behind the railway embankment in thet3atonards area; c)
connections to Blanket Bay through the railway enkinaent;

» averaged cell depths for the intertidal flats ie tentre of the Lower Harbour
(adjacent to the port side of the shipping chanmedye corrected by using
photographs at various states of the tide to oliterpresent-day shape and area
of the emergent sand banks (Fig. 3.5);

* seabed levels on the Aramoana intertidal bank vemtmated from a few
available cross sections and aerial photos of dgarand waterline at different
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stages of the tide (see example in Fig 3.6). Theldeare only approximate for
small-scale drainage patterns, but this shouldifécathe use of the model for
larger scale plume dispersion and changes in hydeodic flows arising from
the deeper channel.

Te Rauone
Beach

Figure 3.3:  Example of an aerial photo used to determine theosxe of groynes in the
Harington Bend area at Beacon Nos. 8 & 10 at differstages of the tide.
[Source: Port Otago Lid

Figure 3.4:  Aerial photo showing bridged gaps in the railwaybamkment between the Victoria
Channel and embayments in the area of Saint Lesn@ek Fig 1.1) in the Upper
Harbour. Bource: Port Otago Lid
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Figure 3.5:  Examples of aerial photos showing the shapes atethtesf the intertidal banks on the
port side of the shipping channel in the Lower Harbduring different stages of the
tides. Arrow marks the high-tide subsidiary chanti@lough to Portobello Bay.

[Source: Port Otago Lid

Figure 3.6:  Drainage patterns and waterline on the Aramoarmatidal bank. $ource: Port Otago

Ld].

3.3 Hydrodynamic model grid (existing channel)

The amalgamated bathymetry dataset was used toagerze1810 m and a 380 m
grid of cells for the Harbour wave and flow modeéspectively and a flexible
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triangular mesh for the offshore model. The Harbaadel grids also included the
area outside the Entrance from southern Blueskina®a Heyward Point to south of
Taiaroa Head as shown in Figure 3.7 for the 304ch gr

The grid is orientated to True North in the vettiexis with the grid origin at
170.504317°E and —45.895668°N (or 1406392 m Eastinh4914516 m Northing in
NZ Transverse Mercator projection). The number8Gf30 m cells in the model grid
are 537 in the vertical (north-south) and 621 mhbrizontal (east-west).

The grid generation was undertaken in S@ri@olden Software), where individual

model cells are assigned a flat seabed level athessell representing the average
height of seabed soundings within that cell (reeato Chart Datum), and taking into
account bed slopes from neighbouring cells. Thbesbéevels relative to Chart Datum
within each cell of the 30-m grid are contouredrigure 3.7.
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Figure 3.7:  The 30-metre model grid used for hydrodynamic mgtgkcenarios on the existing
Harbour bathymetry. Grid includes groynes off Hgrim Bend and culverts within
the bays enclosed by causeways in the Upper Harf®ee text for grid origin].
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3.4 Deepened shipping channel configuration

The initial dredged channel design was for a mimmaeabed level of 15 m below
Chart Datum from Port Chalmers to Harington Benldere¢after progressively

deepening to reach a seabed level of 17.5 m (b€élbart Datum) in the offshore

approach channel between the Mole and Landfall ToWee deeper channel sections
from Harington Bend out to Landfall Tower allow fgreater heave, roll and squat of
vessels arising from combinations of waves, wind fdal currents and the turning

manoeuvre around Harington Bend.

An initial dredged channel design was developedPBf. and its maritime advisers
after preliminary ship-handling studies and used fmst of the modelling results
discussed in this report. After further ship-hanglsimulator trials and design work, a
final channel design was adopted by POL in MarcB920rhe modifications to the
initial channel design were mainly: i) a narrowerdth in the offshore approach
channel, but the depth remained the same at 17Blow Chart Datum (hence less
dredging volume from this source); ii) a reductimin0.5 m depth to a 16 m—Chart
Datum seabed level in the Entrance channel sedtom the Mole through to
Harington Bend (was 16.5 m in the initial channekign) and also means less
dredging volume from this source; iii) more gerglgping batters on the channel
flanks in some places (slightly more dredging vadufrom this source); iv) a slight
straightening of the channel between Pulling Paimd Acheron Head. Overall, these
modifications to the final channel design requireuad 440,000 thless sediment
volume to dredge than for the initial channel desibp the rest of the report, the
proposed dredged channel design will be referrealstthe “15-m Harbour channel”
and relates to the final channel design unlessrwibe stated. Table 3.1 summarises
the design seabed levels and range of batter sloped to modify the existing
bathymetry grid for the final 15-m Harbour chanocehfiguration.

Additional 10x10 m and 30x30 m Harbour model grdse reproduced from model
grids of the existing Harbour bathymetry, and psgzbchanges to the bathymetry for
the initial 15-m channel design inserted. Theseewased to run wave and tidal
hydrodynamic models respectively. Subsequently,30we30 m Harbour model grid
was modified to include the final design channéiisTgrid was used to re-run the tidal
model to compare with results from the 30x30 m Idarbgrid of the existing
situation, thereby quantifying any changes in tided currents solely due to channel
dredging required for the final design. The contouseabed levels in the 30x30 m
grid in the Lower Harbour are shown in Figure 38 the proposed 15-m Harbour
channel (final design).

Port of Otago Dredging Project: Harbour and Offehidiodelling 26



—NIWA_—

Taihoro Nukurangi

(kilometre)

T T T
14.0 15.0 16.0 17.0 18.0

(kilometre)

R e R R
10.0 11.0 12.0 13.0

Bed level (m CD)
‘:l Above 0.0
[ 50- 00
] -75- 50
[ 1]-100- 75
[ -145--100
[ 155--145
I -16.5--155
B -17.5--16.5
Bl -18.0--17.5

[ Below -18.0

Figure 3.8:  Contoured seabed levels (relative to Chart Datumthé 30x30 m grid of the Lower
Harbour for the 15-m Harbour channel design (fidkesign) with areas outside the

channel footprint showing the existing bathymefBee text for grid origin].
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Summary of design depths and batter slopes for tadofp5-m dredged channel

configuration (final design), where the Entrancprapch channel would be deeper to
allow for greater wave heave and squat of vesselspaogressively approaches a 15
m depth past Harington Bend at Beacon 12. Notec8e Nos. can be located on
LINZ Hydrographic Chart NZ 6612.

Channel section Description Design seabed Side batter
level for 15-m slopes
channel
(m below Chart
Datum)
Entrance Channel Landfall Beacon to Mole 17.5 1:12
The Mole (Depth transition) 17.5t0 16.0 N/A
Howletts Claim Mole to Harington Point 16.0 1.7-1:10
Harington Harington Pt - Beacon 10 16.0 1:5-1:8
Beacon 10-12 (Depth transition) 16.0 to 15.0 1:8
Cross Channel Beacon 12 - Beacon 14 15.0 1:8
Taylers Beacon 14 - Beacon 18 15.0 1:5-1:8
Pulling Point 150 m each side of Beacon 17 15.0 1:6-1:7
Hamilton Beacon 18 - Beacon 20 15.0 1:3-1:8
Acheron Head 150 m each side of Beacon 19 15.0 1:1-1:6
Deborah Bay Beacon 20 - Beacon 24 15.0 1:3
Rocky Point 100 m each side of Beacon 17 15.0 1:3
Turning Basin Beacon 24 - Beacon 28 15.0 1:3

Harbour wave model grid

A 10x10 m grid of cells for the existing bathymetry wdesveloped into a SWAN
wave model grid for wind-generated waves in the &owlarbour by MetOcean
Solutions. The extent of the Lower Harbour wave etégshown in Figure 3.9.

A second wave model grid was developed with the@@sed 15-m deepened channel

inserted as discussed in the previous Section.
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Taiaroa-| Head Wlnd Statlon

Figure 3.9:  Area used to model wind-generated waves in the Ldwarbour including relative
shading to represent the bathymetry (for the eagsthannel) and the location of the
Taiaroa Head wind statiorSpurce: MetOcean Solutidns
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Harbour hydrodynamic modelling: set-up, calibration and verification

4.1

Hydrodynamic model setup

For the Harbour modelling, the depth-averaged DHKE421° modelling package
was selected as the most appropriate model to aseadsessing changes in
hydrodynamics and providing flow fields for the pesded-sediment plume
modelling. DHI is based in Denmark, and have a @varide reputation for producing
industry-standard modelling software, that has beesil tested by numerous
applications around the world, including dredgimgj@cts such as Next Generation.

MIKE-21 is a 2-dimensional hydrodynamic model thalves the depth-integrated St.
Venant equations that describe continuity of massraomentum on a regular grid of
square cells (in this case 30x30 m cells).

Data from the Spit Jetty tide gauge from 2000-2@@7e used to derive tidal height
constituents as shown in Table 4.1. These constgue/ere used to define the
offshore tidal boundary conditions for all the Haub model simulations.

Wwind forcing, when used in scenarios or hindcastutations of previous field
measurement campaigns, was obtained from wind Wiel®cmeasured at Taiaroa
Head weather station. Wind stress is applied towhter surface of the water cells
within the Harbour model grid.

Some simulations of the Harbour hydrodynamic mdeeisting channel and the 15-m
deep channel option) were undertaken with just folzing (i.e., no winds) and used
to extract tidal current and tide height constitsefnom the Lower Harbour for: a)
input to the Harbour wave modelling to include wawerent interactions; b) tidal
input to the ship-handling investigations; c) tcoypde tidal height and current
constituents before and after dredging the charpehscertain the magnitude of
changes in the hydrodynamics of the Harbour.

Initially, calibration of the hydrodynamic model svaundertaken using the field
measurements available from the 1988 model studlgeofHarbour by the then Otago
Harbour Board. Seabed roughness, which is the raiing parameter in the
calibration phase, required only minor adjustmeirtsprder to get a good overall
match with tide heights and currents.

® http://www.dhigroup.com/Software/Marine/MIKE21.aspx
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Verification of the hydrodynamic model, where alirameters determined during the
calibration are fixed (unaltered), was undertaken $4 and tide measurements
obtained during the 2008 field programme.

Main tide-height constituents and their amplitubdelftrange) and phasing of high tide
(°NZST) derived from the POL Spit Jetty tide gaugeord.

Constituent Amplitude Phase
(m) (NZST)
Zo (mean) 1.047 0

O: 0.028 59

K1 0.022 105

N> 0.175 71

M, 0.676 107

S 0.089 118

My 0.022 263

Calibration of Harbour model on 1988 field measurenents

Tide Data

Tide data recorded in the Harbour was availableiferperiod 19:00 14 April to 16:00
15 April 1988. This included measurements at thsibes being Pilots Beach, Port
Chalmers and Dunedin. Table 4.2 shows the tide Kagnperiod compared to
available Braystoke current meter data.

Braystoke current meter

Current speed and direction data in the Harbouravafiable from Braystoke current

meter deployments between 20 March and 19 April819&e deployment cross-

sections were typically in the Lower Harbour mahainels as shown in Figure 4.1.
At each cross section, 3—6 sampling sites were umedsacross the channel, giving a
total of 29 sampling sites.
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0:\POL08203\RawData\BATHYMETRY\HARBOUR\Otago_30m_001.dfs2

(kilometer)

0 2 4 6 8 10 12 14 16 18
(kilometer)

Figure 4.1:  Braystoke current-meter deployment cross-sectionm fthe previous 1988 field
programme (Barnett, 1988).

Depth-averaged current speed and direction data weetracted from a printed
hardcopy of the 1988 Braystoke measurements anceded tou (E-W) andv (N-S)
velocity components. The data from each of the &8pding sites was loaded into a
separate input files, detailing current speed, ctiiva, u and v components, for
comparison with the model predictions.

Table 4.2 provides details of each of the sitewampling times, geographic co-
ordinates (North Taieri Circuit Grid, 1949), relatimodel celi-j coordinates, and the
calibration data set number (different tidal cyglies modelling calibration purposes.
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Table 4.2: Tide and Braystoke current meter sampling datesitions (North Taieri Circuit Grid
1949), model grid coordinatég, and calibration datasets.

Location and Site Sampling Calibration E N Model i | Model j
Date Data Set
LH24-27 Site A 20 March 88 Calibration 327330 | 705680 338 323
LH24-27 Site B 20 March 88 Data Set 1 327230 | 705680 334 323
LH24-27 Site C 20 March 88 327130 | 705680 331 323
LH24-27 Site D 20 March 88 327030 | 705680 328 323
LH24-27 Site E 20 March 88 326930 | 705680 324 323
LH24-27 Site F 20 March 88 326830 | 705680 321 323
LH29-30 Site A 21 March 88 327230 | 704675 334 289
LH29-30 Site B 21 March 88 327127 | 704650 331 288
LH29-30 Site C 21 March 88 327033 | 704636 328 288
LH29-30 Site D 21 March 88 326950 | 704675 325 289
LH19-20 Site A 13 April 88 Calibration 327330 | 706310 360 344
LH19-20 Site B 13 April 88 Data Set 2 327980 | 706410 359 347
LH19-20 Site C 13 April 88 327950 | 706500 358 350
LH19-20 Site D 13 April 88 327910 | 706575 357 353
LH19-20 Site E 13 April 88 327905 | 706655 357 355
LH19-20 Site F 13 April 88 327870 | 706782 356 359
TIDE Pilot Beach 14-15 April 88 - - 556 424
TIDE Port Chalmers 14-15 April 88 - - 326 302
TIDE Dunedin 14-15 April 88 - - 16 56
HBEND Site A 17 April 88 Calibration 327330 | 707750 569 392
HBEND Site B 17 April 88 Data Set 3 334170 | 707728 566 391
HBEND Site C 17 April 88 334084 | 707755 563 392
HBEND Site D 17 April 88 333978 | 707705 559 390
HBEND Site E 17 April 88 333930 | 707755 558 392
HBEND Site F 17 April 88 333872 | 707847 556 395
UH3-4 Site A 19 April 88 Calibration 327330 | 703115 302 237
UH3-4 Site B 19 April 88 Data Set 4 326250 | 703210 302 240
UH3-4 Site C 19 April 88 326235 | 703300 301 243
UH3-4 Site D 19 April 88 326215 | 703395 301 247
QISLAND Site A 19 April 88 327395 | 703710 340 257
QISLAND Site B 19 April 88 327365 | 703670 339 256
QISLAND Site C 19 April 88 327335 | 703640 338 255
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Initial calibration of the DHI MIKE-21 simulationwas conducted to check the tidal
amplitude and phase predicted by the model with theorded at the three sites at
Pilots Beach, Port Chalmers and Dunedin. Figur2gdal4.4 show the predicted and
recorded tide for Pilots Beach, Port Chalmers andddin respectively. Tide phasing
was considered acceptable although amplitude waspredicted at the tidal peak by
approximately 0.1 m. In order to improve the anyolé prediction, bed roughness was
increased within reasonable limits to a constamense Manning’sh of 32 over the
model grid. No significant improvement resulted tise original inverse Manningis
values were reinstated for the velocity calibrat®mulations using the Braystoke
current-meter data.

Four model simulations were run for each of thébcatlion data sets detailed in Table
4.2. Result files for the above model simulations eonfigured to produce surface
elevation and current andv velocity components at locations correspondingh®
Braystoke and tide sites every 5 minutes. Figurbsadd 4.6 provide an example of
the measured and predictedand v velocity components respectively at location
LH19-20 Site A (see Fig. 4.1 for cross-section tmeg. In this case, tha-velocity
component in the E-W direction is more closely radig to the axis of the channel, and
therefore more likely to achieve a good match i modelledu-component, than
the cross-channelvelocity component.

The calibration simulation result files were congghrwith the corresponding
individual Braystoke site measurements. A regresaitalysis was undertaken on the
modelled results from the relevant 30 m x 30 m cailid Braystoke “point”
measurements fon and v depth-averaged velocity components and a corelati
coefficient r? determined as shown by way of example in Figure 4.7. Whilss th
example shows a very high correlation, the slopthefline (0.7657) in Figure 4.7 is
lower, indicating a somewhat lower prediction ofooity relative to the measured
velocity.

The full set of correlation coefficients for thedwelocity components are listed in
Table 4.3. On average the correlation between tle@asored versus model-cell
predictions for the velocity component that is ekisto the channel-axis alignment (E-
W or N-S at the cross-sections in Fig. 4.1), shamsgestently high values of the
correlation coefficient rf) in the range 0.70 to 0.98, leaving aside somehef

measurements from the channel sides where thedegth changes quickly, affecting
the relativity between the Braystoke current-méfgoint” measurement and an
averaged current over a wider 30 m x 30 m modél Eel the central channel sites,
the correlation coefficient is above 0.86, whicldiogates a good calibration on

12 Ranges from 0 to 1, where 1 means there is agiarfatch between the two variables
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modelled current velocities in the channel, which aften more difficult to match
with measurements than water levels, and are mgpertant to match well to ensure

dispersion and transport processes are accuratajased.
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Modelled and recorded tide at Pilots Beach forrid B April 1988.
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Modelled and recorded tide at Dunedin for 14 and\p6l 1988.
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Figure 4.5:
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Modelled and recorded-velocity at LH19-20 Site A for 13 April 1988. Note

measured currents were only recorded at 0.5 taf ihtervals.
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Figure 4.7:  Regression analysis between modelled and recardetbcity at LH19-20 Site A for
13 April 1988.
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Table 4.3: Correlation coefficientr® values between predicted and recordednd v velocity

components.
Braystoke site_ & model cell r? value for u velocity r? value for v velocity
site component component
LH24-27 Site A _ 0.66 0.94
LH24-27 Site B _ 0.67 0.64
LH24-27 Site C 0.38 0.96
LH24-27 Site D _ 0.62 0.97
LH24-27 Site E _ 0.58 0.97
LH24-27 Site F _ 0.12 0.63
LH29-30_Site A _ 0.06 0.79
LH29-30_Site B 0.37 0.98
LH29-30_Site C _ 0.68 0.97
LH29-30_Site D _ 0.88 0.71
LH19-20_Site A _ 0.96 0.90
LH19-20 Site B _ 0.97 0.85
LH19-20 Site C 0.97 0.71
LH19-20 Site D _ 0.98 0.79
LH19-20_Site E _ 0.92 0.43
LH19-20 _Site F _ 0.33 0.51
HBEND_Site A _ 0.01 0.65
HBEND_Site B 0.64 0.94
HBEND_Site C _ 0.70 0.95
HBEND_Site D _ 0.84 0.91
HBEND Site E 0.76 0.94
HBEND_Site F _ 0.21 0.76
UH3-4_Site A 0.84 0.32
UH3-4_Site B _ 0.86 0.75
UH3-4_Site C _ 0.89 0.42
UH3-4_Site D _ 0.90 0.70
QISLAND_Site A _ 0.92 0.65
QISLAND_Site B 0.91 0.56
QISLAND_Site C _ 0.59 0.52
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Harbour model validation

Having achieved a reasonable calibration of thebblar hydrodynamic model by
tuning the resistance parameter to best matchrieldsurements, the next stage in the
modelling process is to validate the model agaansndependent set of measurements
by keeping the model parameters fixed. The valhatias performed using a set of
InterOcean S4 current meter deployments carriednoR008 (Bowman, 2008a, b) in
the shallower, eastern parts of the Harbour. Tlosiges measurements from areas of
the Harbour that are distinctly different in thdiydraulic regime than the main
shipping channel, where the previous 1988 veloo@asurements were recorded.

Model verification with S4 measurements

An S4 current meter was deployed consecutivehhiaet Harbour locations, one in
Portobello Bay and two within the Eastern Chankel.(1.2). Table 4.4 below details
the S4 current meter deployment locations and sagpkriods. The S4 was mounted
at 0.5 m above the bed in each case. Full detilsrding deployment and available in
the two deployment reports by Department of MarBmence, Otago University

(Bowman 2008a, b).

S4 current meter sampling locations and periodsS(NZ

S4 Location WGS84 NZTM Sampling Sampling
(m) Start End
Portobello Bay 170°38.738 1417101.26 15:00 16:50

—-45°49.093 4923453.98 21 Apr 2008 31 May 2008

Eastern Channel-Site 1 170°35.971 1413615.02 11:00 16:10
(Grassy Pt.)
—-45°50.822 4920145.76 6 Jun 2008 21 Jun 2008

Eastern Channel-Site 2 170°35.742 1413383.85 16:30 16:00
(Macandrew Bay)

—-45°51.99 4917974.06 21 Jun 2008 12 Jul 2008
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Current speed and direction and depth were exttdoben the supplied S4 data files,
and directions converted from magnetic (24.6°E)Troie North for the current
direction and computation ofandv velocity components. The dataset was cropped at
the start and end to remove data recorded whiésirtstrument was being deployed
and retrieved.

Port Otago Ltd provided tide heights and wind vitles (Dunedin, Port Chalmers and
the Spit Jetty gauges) and winds from Taiaroa Heag@rovide input data to the
verification model runs for the relevant 2008 figleriods. Tides recorded at the Spit
were applied at the seaward model boundary andsmadorded at Taiaroa Head
applied across the model.

The MIKE-21 model simulations were preformed fore tlduration of the S4

deployment period (21 April to 12 July 2008) anck tbutput results from the

appropriate model grid cell were compared with 82efield measurements and the
three tide-gauge records.

Following the model runs, the MIKE-21 results wéuether processed to extract the
water depth from the relevant model cell to compeith the local depth measured by
the S4 current meter. An adjustment was needeariwect model output of water
surface elevation to a water depth to enable a aosgn with the S4 depth
measurements. A depth output from the model doesexessarily match the actual
S4 depth, because the relevant model grid celthferdeployment site represents the
average depth over an area 30 m x 30 m ratherthieagiepth at the actual deployment
site. There are also likely to be uncertaintieshe S4 depth measurements as no
updated instrument calibration was undertaken otchivay total pressure (what the
S4 measures) to water depth. Consequently, the Inmale outputs for surface
elevation at the three S4 deployment sites werasselj upward by 3.08 m, 2.02 m
and 1.62 m respectively in chronological order epldyments. The comparisons of
this adjusted depth with the measured local deyptifd S4 current meter are shown in
Figures 4.8, 4.9 and 4.10. The local phasing oftitess has been simulated well and
on average the tidal ranges have been replicatgtdwith some over- and under-
estimates of the low and high tides of up to 0.2 .at times.

Modelled tides were also compared with the actidal heights recorded at Dunedin,
Port Chalmers and the Spit Jetty during the S4ayepént in Portobello Bay as shown
in Figures 4.11, 4.12 and 4.13 respectively. Legdside the Harbour model start-up
transition, which is most evident in the modellates at the site furtherest from the
Entrance (Dunedin; Fig. 4.11), there is a good matanodelled and measured tides.
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Comparison of recorded and predicted water depffodobello Bay S4 site (21 April

to 31 May 2008).

Figure 4.8:
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Comparison of recorded and predicted tides at Dunetliring Portobello S4
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The u andv velocity components (E-W and N-S) that were meaadkind recorded at
the Portobello Bay S4 deployment site have beenpeoed in Figure 4.14 to 4.15.
The ebb-tide currents to the north-east dominathiatsite with only weak currents
recorded on the flood tide to the south-west. Thécmbetween the model predictions
and the local current measurements is quite varjabspecially with the model
producing higher westerly (Fig. 4.14) and southéfg. 4.15) current speeds to over-
predict the weaker flood tide flow recorded by tBé current meter. Regression
analyses for both velocity components between tbasured and modelled values are
shown in Figures 4.16 and 4.17. There is a bettatcimfor the N-S velocity
component (Fig. 4.17) than the E-W component (Fid.6), with a correlation
coefficient ¢°) of 0.64 between the modelled and measured E-\Btitglcomponents.

Overall, the bias shown in the measured data itoBello Bay towards a dominant
ebb-tide current to the north-east is also remigan the modelled results. The scatter
between the measured and modelled results will dlypdue to the inevitable
differences that arise when comparing a “point’begly measurement with not only a
depth-averaged model prediction, but also oneishspatially-averaged over a 30 m x
30 m cell. These differences will be more pronodniceshallow areas of the Harbour
compared with the closer match of currents thatbmachieved in the stronger flows
of the main shipping channel (Section 4.2).
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Figure 4.14: Comparison of E-W velocity component for measut@ddak) and model predictions
(red) for Portobello Bay S4 site.
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Figure 4.15: Comparison of N-S velocity component for measutddok) and model predictions
(red) for Portobello Bay S4 site.
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Figure 4.16: Regression analysis of recorded(E-W) velocity componentxfaxis) and model
predictions y-axis) for Portobello Bay S4 site.
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Figure 4.17:

Regression analysis of recorded(N-S) velocity componentxfaxis) and model
predictions y-axis) for Portobello Bay S4 site.
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The next S4 deployment was undertaken in the Ea€lbannel at Beacon Pile "G",
south-west of Grassy Point, for just over a foftimigsee Fig. 1.2 for location). The
andv velocity components (E-W and N-S) that were madednd recorded at this site
have been compared in Figure 4.18 to 4.19. Theeasfubflood tidal currents are
mainly symmetrical in respective NNE and SSW dim, although the flood-tide
currents were slightly faster and occurred overatsr period. Consequently, the N-S
velocity component (Fig. 4.19) is much higher tlia smaller and more variable
cross-channel E-W component, and was therefore meadily matched with the
model predictions.

A close match was obtained between the measurednaddlled currents in the N-S
orientation and is quantified by the correlatiorefficient () of 0.85 and the slope
parameter of 0.92 arising from the regression amal{Fig. 4.20). This is of a similar
order to the correlations achieved during the maddibration phase (Table 4.3;
Section 4.2) using 1988 current-meter data fronmih@ shipping channel.

S4_Eastem Channel_1_U (True N) mis)
MODEL S4_Eastern Channel 1_P(247,148):U velocity [m/s]

OPOLOB203Working12008 June_luly simlat

00:00 A : A
2008-06-07 06-09 06-11 06-13 06-15 06-17 06-19 06-21

Figure 4.18 Comparison of theu (E-W) velocity component for the measured (blaekid
modelled predictions (red) for S4 site 1 in Eastéhannel to the south-west of Grassy
Poaint.

Port of Otago Dredging Project: Harbour and Offghidiodelling 48



S4_Eastem Channel 1__V (True N) [ms]
MODEL S4_Eastern Channel 1__P(247,148):V velocity [m/s]

—NIWA_—

Taihoro Nukurangi

0.7

067

057

0471

0.37]

0.2

017 |

0.07]

-0.17]

-0.27]

-0.37

0.4

-0.57

-0.67]

-0.77]

-0.81

Figure 4.19: Comparison of the (N-S) velocity component for the measured (blaok) modelled
predictions (red) for S4 site 1 in Eastern Chamméhe south-west of Grassy Point.
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Figure 4.20: Regression analysis of recorded(N-S) velocity componentx{axis) and model

predictions y-axis) for S4 site 1 in Eastern Channel (west &3Sy Point).
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The final S4 deployment was undertaken in the souatlend of Eastern Channel at
Beacon Pile "N" in Macandrew Bay - for just overeth weeks (see Fig. 1.2 for
location). Theu andv velocity components (E-W and N-S) that were metkknd
recorded at this site have been compared in Figige to 4.22. The ebb and flood
tidal currents are highly asymmetrical at Beacde FN", with a rapidly rising and
falling peak flood-tide flow to the south (with weities sometimes exceeding 0.6 m/s)
and a more even northerly ebb-tide flow that is tigokess than 0.12 m/s. The
measured N-S velocity component along the charitigl 4.22) is matched well with
the model predictions for the ebb tide, but therghpeaks in velocity on the
southward-flowing flood tide are not well simulategthe model.

The match obtained between the measured and mddellerents in the N-S
orientation was less than the northern Eastern @Hagite and is quantified by the
correlation coefficientrf) of 0.53 and the slope parameter of 0.43 arisiognfthe
regression analysis (Fig. 4.23). The scatter maamiges from the much lower peak
flood-tide (south-going) velocities predicted byethlarbour model. This mismatch
between the measured and modelled results is licelrise from a localised flood
tidal stream in the vicinity of starboard BeacolePN" on the tip of an intertidal flat
just prior to the flow turning and widening outantlacandrew Bay. The comparison
with the model is again likely to be from differesscwhen comparing a “point”
velocity measurement with not only a depth-averagedel prediction, but also one
that is spatially-averaged over a 30 m x 30 mice#in area where the bathymetry is
rapidly changing with distance.
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Figure 4.21: Comparison ofu (E-W) velocity component for measured (black) amddel
predictions (red) for S4 site 2 in Eastern ChawoffeMacandrew Bay.
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Figure 4.22: Comparison ofv (N-S) velocity component for measured (black) amddel
predictions (red) for S4 site 2 in Eastern ChawffedMacandrew Bay.
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Figure 4.23: Regression analysis of recordedN-S) velocity componentx{axis) versus model

prediction g-axis) for S4 site 2 in Eastern Channel (Macandsawy).
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Figure 4.24:
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Verification with boat-mounted ADCP surveys (1998-200)

Boat-mounted ADCP current flow surveys recordediwithe main shipping channel
reach from Landfall Tower to Harington Bend in 198&nnell & Old, 1999), and

further up the Harbour in 1999-2000 (Vennell, 1998nnell & Old, 2000) were also
available for comparison with Harbour hydrodynamiodel output. This data is
focused only within the main channel. Depth-avetagerrents in the water column
(either 8 or 10 m below the surface) from the ADsIPveys and modelled depth-
averaged currents (entire water column) were censil for every hour of a tidal
cycle, 6 hours before and 6 hours after the hg dit Port Chalmers.

Figures 4.24 to 4.27 show an overlay of velocitgtees from the boat-mounted
ADCP surveys compared to depth-averaged curreata frydrodynamic model for

the reach from the Mole to Harington Bend areathedreach from Acheron Head to
Kilgours Poaint centred on the Port Chalmers areao Bets of comparisons are
presented for High Water + 3 hours and High WateB hours relative to Port

Chalmers when currents are approximately at thegkfor the ebb and flood tides
respectively. The comparison shows a good visudatimbetween the modelled and
measured boat-mounted ADCP current vectors—bothémmagnitude and direction
of the vectors and also the overall pattern of §avithin the channels.
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Figure 4.26: Comparison of 1999-2000 boat-mounted ADCP currexttors (black) with the
hydrodynamic model currents (blue) for the reacmftAcheron Head—Kilgours Point
(peak ebb: High Water +3 hours at Port ChalmersjteNoutlines of Goat and
Quarantine Islands not included for clarity.
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(peak flood: High Water —3 hours at Port Chalmeite: outlines of Goat and
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4.4 Overall assessment of the calibrated Harbour Model

A reasonable calibration of the Harbour hydrodyrammodel was achieved using
tides and currents from a previous field investagatcarried out for the Otago
Harbour Board in 1988 (Barnett, 1988). In this @sx; the model tuning parameters,
principally the bed resistance coefficient, areraitl to achieve the optimal match with
the field data. The match with tide heights wasskattory (with differences between
measurements and the model predictions of up ton.. But the fit on tide heights is
less critical in this case, as the relatdifferences in tide heights before and after
dredging are more important to know than whether alsolute tide heights are
accurately modelled. A reasonably good match wasirdd between modelled and
measured currents in the main channels, partiguilarthe central core of the channel
flow. Normally, a good match on currents is hartteachieve than on tide heights.
This good calibration leads to a dependable maodglplatform to undertake the
assessment of suspended-sediment plume transpate ihe absolute values of the
current velocity are important to simulate well a&ocities strongly govern the
transport processes that affect plume dispersion.

The Harbour model was also validated on two differsets of data: a) S4 current-
meter measurements during the 2008 field prograrmora the eastern side of the
Harbour; b) vessel-mounted ADCP survey currentssonea by the University of
Otago in the period 1998-2000. There was a reaboffialio the overall pattern of
flows and balance between of ebb and flood currgmdsticularly in the Eastern
Channel (south-west of Grassy Point), but at therotwo sites there were some
differences between the model results and the freddsurements, especially for the
flood tide. These mismatches can mostly be explaibg a situation comparing
“apples with oranges”. Localised effects on cusemtcluding wind or rapid changes
in seabed bathymetry, are picked by a current matea “point”, but the current
velocities in the model are depth-averaged andadlyaiveraged over a 30 m x 30 m
model cell. Validation of the model using the boaiunted ADCP currents from the
main channel shows a good visual match betweemtigelled and measured boat-
mounted ADCP current vectors - both in the magritadd direction of the vectors
and also the overall pattern of flows within theushels.

Overall, the Harbour hydrodynamic model is perfargnivell in predicting the tide
height and more-importantly, tidal currents. Theref simulating _relative
hydrodynamic changes before and after dredging modiding supporting current
flow fields for plume dispersion modelling can behigved with reasonable
confidence.
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5. Potential changes in hydrodynamics of Otago Harbour

5.1

5.2

This section provides the relative comparison ef tilydrodynamic characteristics of
the Harbour between the existing channel bathynfgtith the main shipping channel
currently dredged to a minimum depth of 13 m belohart Datum with localised

holes that are naturally deeper) and the dredgefigtmation of the final channel

design.

Simulation for assessing hydrodynamic changes

A simulation of the calibrated MIKE-21 Harbour mbodes carried out for a period of
35 days (selected to be 1 January to 5 February)20ih no winds, for both the
existing bathymetry and a bathymetry with the 15edeep dredged channel
configuration inserted. From the results of bothdeloruns, tidal constituents were
calculated at every sub-tidal cell within the Harbomodel grid" to provide
comparable sets of tidal parameters before and dfexlging. Time series of the
differences in tide heights and currents before aftel dredging were also generated
for specific locations within the Harbour

Hydrodynamic changes to tidal ranges and currents

The focus in the comparison between the existirdy@onposed channels was on the
changes in the average semi-diurnal (twice-daitye,twhich is represented by the
lunar tide constituent M A tidal constituent analysis extracts the varitwsar and
solar tidal constituents that make up the obseovedodelled tide at any location (and
are used in predicting tide tables), but the oVveraserved tide is dominated by the
lunar M, constituent (12.42 hour cycles). By taking thdfeddnces before and after
dredging between the parameters that define thé&dd constituent, we can separate
out any apparent changes, that occur due to thegekan the phasing or timing of
high/low tides or peak flow and slack tides, frdm absolute changes in tide range or
peak velocities, as discussed previously in Se&itn

1 The tidal analysis for intertidal cells which fibaand dry during the 35-day run were
excluded as a tidal constituent analysis is notmmeggiul for cells that partially dry. The plots
however still show some isolated cells which almdsed out at low tide and should be
ignored.
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Plots were produced to show:

e tide height differencedetween the existing Mide height amplitude (half-
range) and high-tide phase and the correspondingfgesults for the 15-m
channel configuration;

e tidal current differencesbetween the existing M tidal-current ellipse
parameters—the major and minor velocity amplitudles,phase of the peak
current, and the inclination of the peak currentd-#re corresponding set of
results for the 15-m channel configuration.

5.2.1  Tide-height differences

Figure 5.1 shows the differences in, Mide amplitude (or half-range) between the
existing channel and 15-m dredged channel configuraNote:isolated high cells
(with changes >0.005 m) are artefacts which shbelignored as they arise from the
tidal analysis of shallow intertidal cells in thedel.

The differences in Figure 5.1 are positive, (iggeater than zero), showing that the
deepening of the channel would lead to a slighte@se in tidal amplitude within the
Harbour. This is expected, as a deeper channelsribartide wave would travel with
less damping from seabed friction, as discusse®eantion 2.1. In the Harbour
Entrance, the increase in tide amplitude woulddwgligible (0.001-0.002 m) and only
0.002-0.003 m higher in amplitude between Harind@end and Tayler Point (blue
zone in Fig. 5.1). Over most of the Harbour, th@eéase would be in the range 0.003—
0.004 m, which in practical terms would be impeti#e. In the vicinity of Port
Chalmers and on the eastern side of the Lower Harlvothe Harwood area, the
amplitude would increase slightly more to betwed)®8-0.005 m, but again changes
of this magnitude are imperceptible.

For differences to the full tidal range for an age tide (between spring and neap),
these amplitude values should be doubled. For ebearoper most of the Harbour, the

increase in amplitude of 0.003-0.004 m convertartancrease in 0.006—0.008 m in

the average tide range.

Overall, changes to the tide range due to the Idredged channel would be very
small at no more than 0.01 m or 0.6% of the avefiagen tide range.
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Differences in_M tide amplitude (half-rangef)etween the existing bathymetry and
15 m dredged channel configuration. Positive vaiogdy that the tidal amplitude is
greater with the 15 m channel configuration thatihe existing bathymetry.

Figure 5.2 shows the differences in the tillal phase (expressed as the change in
timing of high or low watéf, in clock minutes) between the 15-m channel
configuration and the existing bathymetry. Changedidal phase shows up as
negative values, indicating that high and low wateive slightly earlier due to the
channel deepening (see Section 2.1 for an exptan)aflhe largest shift in the timing
of high and low water would occur from Deborah Bad Harwood through to the
Dunedin basin (see blue zone in Fig. 5.2), witladvance of between 3 and 4 minutes
on the present high and low tide timing. BetweanHlarbour Entrance and Harington
Bend the shift in the timing of the tide would lesd than a 1 minute advance.

2 The change in high-water time will generally biglsily more than the change in low-water
time, owing to the greater influence of seabedifictat low tide. This effect will generally be
very small, and is ignored by the present analykthe average phase change for a mean tide.
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Figure 5.2:  Differences in M tidal phasebetween the existing bathymetry and 15-m channel
configuration. Negative values indicate that hightev occurs earlier under the 15-m
channel configuration than with the existing batleym

5.2.2  Tidal-current differences

Results from a tidal analysis of currents are moseplex to represent than tide
heights, as the analysis involves current vedtwaisvary in speed and direction.

Tidal currents are normally represented with aips#l that traces out the tip of the
current vector as it changes through a tidal cy€lgure 5.3). The peak curreny,
averaged over the flood and ebb fidefines the major semi-axis of the tidal ellipse,
while the minor semi-axiuf represents the average of the minimum currerddspat
the tide reversals around high and low tide perit€onfined channels, such as the
main shipping channel, tidal current ellipses aseally very elongated with a small
minor semi-axisy), sometimes approaching a rectilinear to andrfxokt for flood and
ebb currents, with minimum currents of near zeauad a brief changeover at slack

tide.
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Phase (G)

Ellipse representation for tidal current constitisenwhere the ellipse traces out the
tips of the tidal current vector heads during alticycle (e.g., for clarity diagram only
shows a sequence of current vectors in north-wesdrgnt, moving clockwise in time
for this case)U andu are the peak and minimum current speeds along#jer and
minor semi-axes of the ellipse, respectivedy.is the inclination angle for the peak
current speedd), measured in degrees (°) counter-clockwise frastEand G is the
phase (° through a tidal cycle) of the north-gopegpk current which relates to the
timing of the peak current.

Figures 5.4a & b show the likely changes in magltdtaf the major (peak) and minor
(minimum) M, current speeds of the tidal current ellipse (Big) in each model cell.

Overall, changes of any more than +0.01 m/s (x&0@&t) to peak current speeds
(averaging ebb and flood-tide peaks on a mean tiageld be limited to the Lower
Harbour (i.e., non-blue areas of Fig. 5.4a).

Firstly, considering the dredged shipping chantieé peak velocity will mostly
decrease due to the larger depth available for eydng the tidal flow. The largest
decrease in the average major (peak) current welld localised reduction of up to
0.1 m/s in the channel off Careys Bay (immediatelythe north of Port Chalmers)
arising from more of the flow being channelled tigb the eastern extension of the
Port Chalmers Turning Basin and approach (whereézk velocity would increase
by 0.02-0.05 m/s). Minor increases of up to 0.0@50m/s in peak speeds would
occur on the inside (northern side) of Haringtomd@ewhere the existing shallow
flanks will be dredged, thereby increasing the degftchannel flow through this area.
No noticeable changes in peak tidal currents waddur in the narrow Entrance
channel around Harington Point (shaded blue in3:4g).
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Secondly, away from the main shipping channel ethveould only be a few localised
areas where small changes in peak velocities aoeddr: a) small increases of 0.01—
0.02 m/s (0.02-0.04 knot) in the subsidiary chamoelh of Quarantine Island and off
the tip of Portobello Peninsula; b) a small decteas0.01 to 0.02 m/s (0.02-0.04
knot) in peak velocities on the eastern side ofltbeer Harbour between Harwood
and Ohinetu Point. These peak-velocity differenafter dredging of no more than
0.02 m/s on a mean tide would be indistinguishéhbben the natural variability
experienced in these areas (including wind effests) would barely be detectable by
conventional current meters (which are usually adgurate to between 0.01 to 0.02
m/s).

0.05 -
0.02 -
0.01-
-0.01 -
-0.02 -
-0.05 -
-0.10 -

NECHCEN

(kilometre)

Differences in M major (peak) currents (m/$etween the existing bathymetry and
15-m channel configuration. Positive values indicétat tidal currents would be
stronger after dredging and negative values inditiaial currents would be slower.
Blue areas show small changes between —0.01 afd #Us.

For minimum or lateral current speeds, there wdagdno noticeable change over
much of the Harbour (Fig. 5.4b). The only excepiomould be the subsidiary
channel, opposite Port Chalmers, through to PolitoBay, where the shallow eastern
flank of the existing channel and Turning Basirtdsbe dredged. Here the average
minimum current speed (around low and high tideulancrease by small amount
by just over 0.01 m/s (0.02 knot), with adjacerdgaar showing smaller increases of
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0.002—-0.01 m/s in the minimum current speed. Thendd be a similar, but localised,
shift in the lateral or minimum tidal currents beem Pulling Point and Acheron Head
where a slight straightening of the channel is péah

I Above

1 0.005-
[ 0.002-
I -0.002-
[ -0.005-
[ -0.010-
I Below

(kilometre)

Differences in M minor (minimum or lateral) currentbetween the existing
bathymetry and 15-m channel configuration. Positreéues indicate tidal currents
would be stronger after dredging and negative &indicate tidal currents would be
slower. Blue areas show small changes between 2-au0® +0.002 m/s.

Figure 5.5 shows the difference in phasing of thepeak tidal current before and
after dredging the 15 m channel option. While dimgration at 1 minute time
intervals is provided in the plot, patchiness ie fhlotted results arises partly from
interpolating the model output of velocities (whiahe only at 10-minute intervals).
Therefore the focus needs to be on the overakpetiof change rather than clumps of
a few individual cells. Within most of the Harbothe peak tidal current would occur
between 2 and 4 minutes earlier (red colours in %if) with the deepened channel
compared to the existing bathymetry. This matchesety with the 1-4 minute
advance predicted for the high and low tides (Big). In the Lower Harbour, the
advance of the peak current shows a more complggrpahan for the high and low
tide phases. In this regard, the timing advancéherpeak velocity would be slightly
greater than the corresponding change in timingady of high water, especially in
Deborah Bay, Portobello Peninsula and the Harwaed,avhere the peak current
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would be advanced by up to 7 to 9 minutes frometkisting situation (and relative to
an advance of only 3 to 4 minutes for high tides).

(kilometre)

M2 Phase
(minutes)
(Rev4-existing)

(kilometre)

Figure 5.5:  Differences in M peak tidal current phasésxpressed in minutes of time) between the
existing bathymetry and 15-m channel configuratidegative values indicate that the
timing of the peak M tidal current after dredging is advanced compaedhe
existing bathymetry.

Figure 5.6 shows the differences in the averagkénaton (direction) of the Mtidal
current due to the 15-m Harbour channel configaratiThis value refers to the
principal flow directionof the peak current. As would be expected the el@ag of
the channel has little effect on the orientatiothef tidal current within the majority of
the Harbour, lying in the range between —2° ah¢bRie areas in Fig. 5.6). The only
change in inclination would be to very minor exgemt outer Portobello Bay, and the
connecting shallow subsidiary channel through thteriidal bank to the main
shipping channel (see left photo in Fig. 3.5). Thises from dredging required to
widen and deepen the transition to the Port Chamerning Basin on the eastern
side of the channel. The change in pealkciitrent inclination in this area would be up
+ 7-8 (see small areas of red and dark grey in Fig., vh red areas showing an
anti-clockwise rotation of the peak tidal curreritea dredging and darker grey
clockwise rotation. These rotations arise from desnin eddies. They form in
northern Portobello Bay later on the flooding tide a result of deepening and
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shortening of the entrance to the subsidiary chatmae leads through the intertidal
flats between port channel markers 24 and 24aniotthern Portobello Bay (Fig. 3.5).

There are similar localised shifts in orientatidrtiee tidal currents off Pulling Point

where a slight straightening of the channel is phand on the northern-side of
Harington Bend. Most of the other isolated patciwesin shallow, almost intertidal,

areas where the tidal analysis creates occasiotefhets in the differencing (e.g.,
southern Portobello Bay and Sawyers Bay).

(0)

(kilometre)

Differences in the_inclinatiorof the M, peak-current (°) between the existing
bathymetry and 15-m channel configuration. Positiakeies indicate that the direction
of the peak M tidal current with the 15 m channel would be retatinti-clockwise
relative to the tidal inclination that occurs witte existing bathymetry.

Spring-neap velocity differences at specific Harbaulocations

In addition to the spatial plots of the differendesthe mean tide (Mconstituent)
shown above in Section 5.2, time series of velegitvere analysed from 12 specific
sites in hydrodynamic model (Figure 5.7) within thain channel of the Harbour and
in Portobello Bay. Predicted current speeds cov@s-day period in 2007 simulation
(see Section 5.1), which covered two spring/neajesy
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Sites selected to compare modelled current vedschiefore and after dredging over a
1-month period of spring/neap tide sequences.

Overall, the pattern was for no more than a 0.@1t®m/s variation over a neap to
spring tide sequence in the differences betweenl®m Harbour channel and the
existing bathymetry. For sites in some parts of Hw@bour such as Dunedin,
Ravensbourne and Portobello Bay (sites #1, 2, 21in1Fig. 5.7), the spring/neap
variation in differences would be very small (i.the differences in current speeds
between the 15-m Harbour channel and the existiapyimetry would be fairly
consistent for all tide ranges).

The mean or average tide used in the previousosetiés in the middle between a
spring and neap tide, so a spring-neap variatiof.@f—0.015 m/s translates into an
approximate +0.0075 m/s spring/neap variation ffedénces to those shown by the
peak average-tide current in Figure 5.4a. Suchreggpeap variation is a second
order effect relative to the modest overall shiftgeak tidal current speeds on an
average tide arising from the deepened channel BH4@). This is because the overall
difference in tide range between spring and ne@gstiwhich is around 0.7 m, is
substantially smaller than the overall change iptld@f the main Harbour channel by
about 2 m due to dredging (i.e., from 13 m pregentil5 m below Chart Datum).
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54 Comparison of fluxes through the Entrance and ebbitle sand bar

Another critical check on the hydrodynamic behawiofiOtago Harbour before and
after dredging is a comparison of the water fluxotiygh the Entrance, which
multiplied by a cross-section width, becomes a hdisge in cumecs, and when
summed over an ebb or flood tide, becomes the pidsin volume in cubic metres. A
comparison of these characteristics simulated lgy rttodel between the existing
channel and the 15-m dredged channel provides d gwerall indication of how
much change there would be in terms of flows in antdof Otago Harbour and across
the ebb-tide sand bar.

The comparison was undertaken on a mean tide &frh.4ange (7—8 January 2007)
and a spring tide with a range of 1.70 m (20 Jan2@07). The simulated water levels
for both these tidal cycles for the dredged chanadjacent to the Spit Jetty, are
shown in Figure 5.8, along with circles marking 8tart and end of each tidal flow

phase (ebb and flood).
ebb flood \\\ﬁ

_1 | | |
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Figure 5.8:  Simulated tidal cycles for the dredged channelacatjt to the Spit Jetty, for a mean
tide (TOP); and a spring tide (BOTTOM), using sfieciides from January 2007.
Circles mark the slack-tide times that approximawtfine the ebb and flood tide
periods.
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Fluxes were compared at the three transects showigure 5.9, covering the flux in
and out of Otago Harbour (Transect 1) and the Huxeross and up-and-down the
ebb-tide sand bar (Transects 2 & 3).
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Figure 5.9:  Transects used to compare fluxes simulated by ydeodynamic model before and
after dredging. Only the fluxes perpendicular tohemansect were considered.

54.1 Ebb, flood and net water fluxes

The total ebb, flood and net water fluxes (or désges) are considered through each
of the three transects on the particular springraadn tides modelled (Fig. 5.8).

The scalar current speeds (m/s) derived from tlsgveast and north-south velocity
components near the centre of each transect avensinoFigure 5.10 (ebb tide first,
then flood tide). For comparison, the thresholdthlgwveraged current speed for
mobilising fine sand on the sea-bed by tidal cus@hone is shown for each Transect
by the dotted line in each plot (0.46 m/s thresHoldTransect 1 near the Spit Jetty
and 0.41 m/s threshold for Transect 2 & 3 on thaleWer ebb-tide sand bar). These
thresholds were calculated by the method of Sou|$897) using a median grain size
(Dsg) of 0.2 mm, an upper range grain sif®g of 0.3 mm, water temperature of
10°C, sediment grain to seawater density radjio{ 2.58, and depths below MSL of
17 m (Transect 1) and 7.5 m (Transects 2 & 3).
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Mean scalar velocities dredged
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Figure 5.10: Scalar current speeds through Transects 1-3 forfalaved by the flood tide after
dredging for: (TOP three panels) the mean-tide kittan and, (BOTTOM three
panels) spring tide simulation. The dotted linekaahe threshold current speed for
moving 0.2 mm fine sand on the seabed by tidakcisralone.
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While Fig. 5.10 shows only the current speeds aftedging, the results for the
existing situation are very similar, with a veright phase lead of a few minutes in the
dredged channel simulation as discussed above dtio8e5.2.2. At Transect 1, the
current speed is below the sediment thresholdidouta third of a tidal cycle for both
the mean and spring tides shown, but on spring tile peak velocities are higher.
However, on the ebb-tide sand bar, the peak elgbtigrent barely reaches the
threshold speed for sand movement at Transectd3slaghtly above the threshold in
the centre of Transect 2 further to the north,dnly for a short time when the peak
ebb-tidal jet spreads across the outer bar. Intadlgnwe can infer from this result
that most of the sediment transport on the sandrest be initiated by wave stirring
(followed by northwards transport by the ebb-tiderents—Fig. 5.10), as tidal currents
acting alone are insufficient to enable mobilisatad fine sands on at least the inner
half of the sand bar, and for only short periodsrdpupeak ebb-tide flows on the outer
part of the bar.

After summing the model-derived depth-averagedeffugin ni/s/m width) along each
transect and multiplying by the width of a modell ¢60 m in this case), the total
discharge (rffs) through each transect at 30-minute time steps walculated, as
shown in Figures 5.11-5.13 (for both mean and gprdes).
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Comparison of discharge {fs) through Transect 1 (off Spit Jetty) betweersting
channel bathymetry (line) and the proposed dredgednnel (dotted line and
asterisks) for: (TOP) 7/8 January 2007 mean ti8@&TTOM) 20 January 2007 spring
tide. Positive values are for an ebb tide, negatifleod tide.
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Figure 5.12: Similar to Fig. 5.11 but for discharge across Teah2 (east-west discharge). Positive
values for an easterly flow (ebb tide), negativeviesterly flow (flood tide).
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Figure 5.13: Similar to Fig. 5.11 but for discharge across Te&hs3 (north-south discharge)
Positive values for a northerly flow (ebb tide)gatve for southerly flow (flood tide).
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Figs. 5.11-5.13 compare directly the total dischange series through each transect
for the existing channel with the predicted 15-raddyed channel situation. The key
result from these comparisons is that the diffeeerio total discharges through these
three transects as a result of the dredging woellctlatively small.

Figures 5.12-5.13 show also that most of the flomss the ebb-tide sand bar mainly
occurs on the ebb tide, with substantially weaketes through those transects during
a flood tide (also indicated by the current spekdspin Fig. 5.10. This pattern of
stronger ebb-tide flows and weak flood tide flowsiothe sand bar is also confirmed
by the ADCP vector plots in Vennell & Old (1999).

Integrating the area under the curves in Figs &11B-for the modelled discharges
over the ebb (+ve) and flood tide (—ve) phasesigesvthe flow volumes through each
transect on each tide phase. Table 5.1 lists theaeld flood tidal volumes through
these three transects before and after dredgintyéaides selected in Figure 5.8.

Ebb and flood tidal flow volumes (1@n°) summed over successive ebb and flood
tides through Transects 1-3 before and after dngdfgir the specific tides shown in
Figure 5.8.

Transect Tide Ebb- Ebb- % change Flood- Flood- % change

range flow flow ebb-flow flow flow flood-flow
[existin% ] [dredged] volume [existin% ] [dredged] volume
(10° m*) (10° m?) (10° m®) (10° m®)

mean 60.09 60.11 0.03 63.22 63.95 1.16
spring 68.25 68.46 0.31 68.91 69.79 1.28
mean 33.39 31.76 -4.9 31.29 32.73 4.6
spring 32.96 32.33 -1.9 14.06 16.85 19.9
mean 27.90 28.70 2.9 15.60 16.17 3.6
spring 32.95 33.38 1.3 14.28 13.68 4.2

Further, summing the ebb (+ve) and flood (—ve) tmdumes generates the much
smaller net total volume that passed in antof each transect for the particular mean
and spring tide. These net volumes are listed IvleT&.2. Also Table 5.2 lists the net
“threshold” volumes for Transect 1 for the subsethe tidal cycle when the depth-
averaged velocity reached the threshold of 0.46regaired to mobilise fine sand of
median grain diameter of 0.2 mm. Changes in théthetgshold” flux before and after
dredging is an approximate indicator of possiblanges to the influx or efflux of
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sand material as a result of the channel deepeifiimg.net “threshold” volume was
not calculated for Transect 2 & 3 on the ebb-tidadsbar as the tidal current speed
only exceeded the sediment-transport thresholdafbrief period around peak ebb
flows and never exceeded the threshold on the flioedFig. 5.10)

Net total volumes (summed over a successive eblflaod tide) through Transects
1-3 before and after dredging for the tides shawRigure 5.8. The net “threshold”
volumes are also shown for Transect 1, for the etub$ flow periods when the
velocity exceeds the threshold (0.46 m/s) for msibify find sand.

Transect Tide Net total Net total Net Net Direction of
range volume volume threshold threshold net volume
[existin [dredged] volume volume flux after
(10° m®) (10° m?) [existing] [dredged] dredging
(10° m®) (10°m®
1 mean -3.13 -3.84 -3.34 -4.11 S (flood)
spring -0.66 -1.33 -0.64 -1.18 S (flood)
2 mean 2.09 -0.96 - - W (flood)
spring 18.90 15.49 - - E (ebb)
3 mean 12.30 12.53 - - N (ebb)
spring 18.67 19.70 - - N (ebb)

Differences in net volumes due to dredging

To provide context to the net changes in water melsl through Transects 1-3, Figs.
5.11-5.13 show that only small differences wouldunan total discharges through
these transects as a result of the dredging, abl Bal shows that the changes to the
total ebb and the flood volumes flowing through thensects would be quite small,
especially for the critical Entrance area (<1.3%nde).

Firstly, let’'s look at the net changes in watemfleolumes for Transect 1 near the
Entrance adjacent to the Spit Jetty (Table 5.2)lBohanges in ebb and flood fluxes
following deepening of the channel would resultislight enhancement of the flood
volumes, based on the extra incoming flux 0.Pxh®for both these particular mean
and spring tides (approximately 1% of the tidakprivolume going in and out on
these particular days). A similar change is algdex in the net “threshold” volumes
for ebb and flood-tide flows that exceed the thoéstior mobilising fine sand (right-

hand columns of Table 5.2). However, this does®amthat the Harbour fills up with
water over time. Taking many tide cycles over ggmperiod of time, the Harbour
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would have a balanced inflow and outflow, with sofitg cycles having a net ebb
volume-all depending on successive tide heighasissurge and winds.

Secondly, the changes in net flows over the eld-tiand bar are somewhat more
complex and are partly affected by the open-seandsries of the Harbour model
which are just offshore from Landfall Tower. Frorable 5.1, the westerly flood-tide
flow volume through Transect 2 is much lower on $peing tide than the mean tide
for both the existing and dredged channels. Thavshup in Table 5.2 as a much
higher_netebb volume flowing east on the spring tide comgidoethe mean tide. This
could be due to a tighter flood-tide stream clos@round Taiaroa Head on a spring
tide (which is not fully included in Transect 2 #sbegins further offshore from
Taiaroa Head), but also may be influenced by tHarice of the model boundary
between the north and east open-sea boundariest ¥/imore important are the
differences between the existing and dredged chaitnations, which for Transect 2
are mainly a small enhancement of the westerlydfiflow volume through the
transect relative to the ebb flow volume (Table).52r the shorter east-west Transect
3 across the ebb-tide sand bar, the net volumesteyegly biased towards an ebb
(northerly) residual flow up the sand bar, whichuldbbe slightly enhanced after
dredging (Table 5.2). It is this net residual flaathe north (from dominant the ebb—
tide jet and weak flood-tide currents) in combiaatiwith wave processes that has
fashioned the geomorphic shape and orientatioheo§and bar

5.5 Synthesis and summary of hydrodynamic changes

By comparing calibrated hydrodynamic model runsldoth the existing situation and
the final 15-m Harbour channel design, the relativanges in tide heights and current
speeds from the dredging can be determined. Tha Magus in the comparison
between before and after dredging was on spatifdreinces for a mean (average)
tide. The mean tide is represented by the domitveine-daily lunar tide (M) which
was generated from a tidal analysis of the respeathodel results. Changes in
velocity were also undertaken for some specifiessiin the Harbour, comparing
before and after dredging velocity time series av&b-day period comprising spring
and neap tides.

Tidal range—Deepening of the shipping channel leads to a #jidgarger tidal range
within the Harbour itself. This is expected, asesmkr channel means the tide wave
travels with less dampening from seabed frictiotondy the deepened part of the
channel, the increase in average tide range (ttieehalf-range) would be almost
negligible around the Harbour Entrance (up to 0.004and a very small increase of
between 0.004—-0.006 m (relative to the existingasibn) from Harington Bend down
to Tayler Point. Over the rest of the Harbour, ¢heould only be a small increase in
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average tidal range of 0.006—0.008 m. Overall ghieal-range differences due to the
15-m dredged channel would be very small (i.e.mure than 0.6% of the average
1.6-m tide range).

High-water phase-the timing (or phase) of high-water for a mear tidter dredging,
would progressively change up the Harbour from teas a 1 minute advance on the
existing high tides, between the Entrance and Ig&oimBend, up to a 3 to 4 minute
advance for the Upper Harbour, Portobello Bay &drel Rort Chalmers area. This
would occur as the tide wave travels faster in deepater, then levels off as it
propagates up the Victoria Channel of the Uppeibbiar, which will not be subject to
the capital dredging programme. Similar, but sliglstnaller advances in the timing
of low water would also occur.

Tidal currents—Over much of the Harbour (excluding the arteribhmnels in the
Lower Harbour and the eastern area around Harwthechanges in peak current
speeds for an average tide range would be no rhare#0.01 m/s (x0.02 knot). This
change would be imperceptible.

In the dredged shipping channel, the peak speeligevierally decrease due to the
larger depth available for conveying the tidal floWne largest decrease in peak speed
in the channel would be a localised reduction ota®.1 m/s (0.2 knot) off Careys
Bay (just north of Port Chalmers). This would arfsem more of the flow being
channelled through the eastern extension of tharmiahat transitions into the wider
Turning Basin. Modest increases in peak velocibieap to 0.02—0.05 m/s (0.04-0.1
knot) would occur on the inside (northern side)haf extended Harington Bend where
the shallow flanks of the present channel wouldteelged.

Outside of the dredged shipping channel, a smaliedese in peak speeds of 0.01-0.02
m/s (0.02—-0.04 knot) would occur on the eastere sidthe Harwood area, while a
small increase would occur in the subsidiary channeh of Quarantine Island and
off the tip of Portobello Peninsula (up to 0.01-0r@/s higher than present). These
peak-velocity differences after dredging of no mtran 0.02 m/s on a mean tide
would be indistinguishable from the natural vatdigpiexperienced in these areas
(including wind effects) and would barely be desdd¢ by conventional current
meters (which are usually only accurate to betw®eh to 0.02 m/s).

An analysis of the spring/neap tide current spesglisnces shows that changes in
current speeds for neap and spring tides wouldp&ut0.0075 m/s variation for
spring and neap tides about the change on an &v&deg Such a variation is mostly a
second order effect relative to the modest oveatladinge in the average peak tidal
speeds from the deepened channel.

Port of Otago Dredging Project: Harbour and Offehidiodelling 75



—NIWA_—

Taihoro Nukurangi

The advance in phasing (timing) of the peak meaa-turrent would be between 2
and 4 minutes in most of the Harbour with the deedechannel compared to the
existing bathymetry, matching similar advanceshigh and low tides. There would

be some areas of the Lower Harbour where the pelaicity would be advanced by

up to 7 to 9 minutes earlier, specifically in DeddoiBay, Portobello Peninsula and the
Harwood area.

Mostly the inclination or direction of the peakdiadurrents would be similar to the
existing situation (within £2°). A small change iimclination would occur in outer
Portobello Bay, and the connecting shallow subsydeannel through the intertidal
bank to the main shipping channel. This arises fdvadging required to widen and
deepen the Port Chalmers Turning Basin and leddhirsition on the eastern side of
the shipping channel. The changes in peak-curralination would be up + 7<°8n
magnitude. These would arise from changes in edtegsform later in the flooding
tide in northern Portobello Bay as a result of deépg and shortening of the entrance
way to the subsidiary channel.

Net current flows-Current flow volumes were extracted from the Harbamodel for

a specific mean and spring tide for flows throubhe¢ transects (one across the
Entrance channel at the Spit Jetty, and the oth@tf-south and east-west across the
ebb-tide sand bar offshore from Taiaroa Head).owoflg dredging, only small
changes would occur in total ebb and flood flowuwés, especially at critical Spit
Jetty transect in the Entrance, where changes wailtkss than 1.3%. These small
changes in ebb and flood fluxes following deepermhthe channel would result in a
slight enhancement of the flood-tide volumes, fothbthe particular mean and spring
tide cycles extracted, of approximately 1% of tid@ltprism volume going in and out
on these particular days. A similar change is asment in the net “threshold”
volumes for ebb and flood-tide flows that exceed threshold for mobilising fine
sand. On the ebb-tide sand bar, the existing Hias dominant ebb-tide flow to the
north up the axis of the sand bar would be sligatifanced by the deepened channel.
Tidal currents acting alone are insufficient to iifieb fine sands on the inner half of
the sand bar, so wave processes obviously plagdh@nant role is mobilising and
transporting sediment on the bar in tandem withntenortherly tidal-flow residual.

wind effects-Hydrodynamic changes before and after dredgingvaéso considered
for 20-knot south-west and north-east wind scesaimoan earlier feasibility report
(Oldman et al. 2008). Similar high-water phase deanand differences in velocities
and tide ranges to the tide-only situation (withwinds) were obtained for a deepened
channel option, indicating the tide dominates therhdur hydrodynamics.
Consequently, no further analysis was undertakerthis Report on extending the
analysis of changes after dredging for differemdhvénd tide combinations.
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6. Set-up and sensitivity testing of the Harbour plumedispersal model

6.1

Dispersion model justification and set-up

The next stage, having available current velociowf fields from the calibrated

hydrodynamic model, was to set-up and test a digpermodel to simulate

suspended-sediment plumes generated during dreditiee shipping channel. The
MIKE-21 Particle tracking model (PA) is a modulattsimulates the transport and
dispersion processes that govern the spreadingngnand dilution of particulates or
contaminants discharged into a water body. It setie the input of flow fields from

previously-run simulations of the MIKE-21 hydrodynia model.

The PA module is a particle tracking model where thass from one or more
discharges is apportioned to a finite number oftipies” (usually limited to 100,000
particles by the end of a simulation to keep thel@haun times manageable). Each
numerical particle is assigned various charactesistich as sediment grain size class
and the corresponding settling velocity (i.e., firgarticles settle more slowly).
Particles are subject to varying flows, dispersedoeding to a dispersion (or
spreading) coefficient, and settle at a rate gaebroy the settling velocity. Particles
are tracked in 3-dimensional spacey, and deptle) until they settle on the seabed
and average concentrations are computed for eadelrmgad cell (in this case a 30 m
x 30 m cell).

For this project, a conservative approach was tékestimate sediment deposition on
the seabed from plumes produced by a dredger, byalhmwving particles to be
resuspended by waves and currents once they cameadntact with the seabed in the
model grid. This approach will produce an overeateron sediment deposition depths
arising from the dredging programme, but providasugper-bound on the likely
effects of sediment deposition on benthic commesitFor water-column suspended-
sediment concentrations, this approach is somelgsatconservative, as it neglects
sediments resuspended during subsequent wave/stgemts or by larger tidal
currents. However, undertaking long-period modgllof erosion and deposition of
fine silts would involve lengthy wave and currembdel simulations to be combined
in realistic sequences, and would require seabeldl fexperiments to calibrate
sediment erosion and sediment pick-up parametévenGhe dredged sediments are
natural materials and are not contamin&ietie approach of excluding resuspension
of previously-settled sediments is reasonableafeas outside the main channel, and
is discussed later in the next Chapter after thelt®are presented.

13 Tests for contaminants in seabed sediment sarm®es undertaken by Opus International
Consultants (2008).
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The MIKE-21 PA model is classified as a “passivanp¢” model (CIRIA, 2000),
compared to a class of “dynamic plume” models whbee sediment/fluid mixture
discharged dynamically interacts with the surrongdchannel flow. Passive plume
models treat the discharged sediments as beinggiegated once they enter the
receiving waters, and their subsequent movementés amy dictated by the
surrounding flow and a sediment settling velocidynamic plume models are more
relevant for mud/silt discharges, where the disgbdrslurry remains intact for longer
as a dense fluid/sediment mixture until it is pesgively diluted and blended with the
receiving waters, thereafter behaving as a pagtinee. For Project Next Generation,
it is intended that in predominantly-silt areastoé channel, that dredging will cease
shortly after overflow commences, while in sandgaa, the silt content of the sand
substrate is small (mostly <10%). Consequentlyuse of a passive plume model for
simulating discharges during dredging is justified.

The MIKE-21 PA model runs on the same 30-m gridhashydrodynamic model, but
requires input files that quantify the flow fieléisr various tide/wind combinations.
The PA model also requires input values for seveaahmeters that characterize the
discharge (where, how much, staged in time or naptis?) and govern the behaviour
of particles released into the water column. Theselel parameters can either be
determined by:

e specific measurements usirig-situ field instrumentation and laboratory
analysis of samples e.g., dye tracing investigatiom establish dispersion
coefficients and deploying underwater suspendedvsed analysers;

e or, undertaking a sensitivity analysis of the seditrdispersion model results
to a range of parameter values that can be realyobabnded by previous
measurements or experience from other similar Harbites.

For this project the latter approach was adoptedabse in-situ sediment analysers
are still in a development stage (NIWA has beetingghe LISST laser instrument
with mixed success) and NIWA has gained extenswpeence and knowledge from
previous coastal dispersion and sediment fieldistud

6.2 Sensitivity testing

The following sections outline the input forcing parameters for sensitivity testing
using the MIKE-21 PA model for the proposed Otagobdur dredging programme.
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Several PA model runs were considered to examimaehsitivity of the result® the
effects of winds, a range of dispersion (plume-agieg) coefficients, sediment fall
velocity and seabed-material type (e.g., predontipaiit or sand sites). Results were
considered for both the predicted suspended sedipheme concentration (averaged
over the 5 days) and the accumulated 5-day depositi the seabed.

The sediment discharge for the sensitivity modakrwas limited to a 5-day dredging
period in the Port Chalmers Turning Basin, from whéhe effects on the Upper
Harbour are likely to be worst. Dredging cyclestfog Turning Basin were taken from
an analysis of the in-situ volumes to be dredgeedger performance, and unloading
turn-around times that are described in detailaati®n 7.2.

6.3 Winds

Three different wind sequences from different tirnéshe Taiaroa Head wind record
were used in conjunction with tides for the 5-da&yipd 7—-13 January 2007 to cover
most of the range of likely winds. The first winelgsience was a five-day period from
the record of virtually no winds (i.e., calm), teecond a strong north-easterly event
substituted towards the end of the 5-day simula{ibigure 6.1), and the third
sequence, a strong south-west wind substitutedrtsathe end of simulation (Figure
6.2). Note: These different wind sequences wereaetad from the long-term wind
record at Taiaroa Head, and each artificially stiisd over the period 7-13 January
2007, but each time using the actual tides for presitod. The mean wind speeds for
the two sequences in Figures 6.1 and 6.2 are sitoikhat derived from the long-term
wind record and the strong wind events towardsetids represent similar percentile
wind speeds for winds from the north-east and sautét (with higher wind speeds
for the latter).
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Figure 6.1:  Substituted wind time series of speed (black) anection (gray) used for the strong
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Figure 6.2:  Substituted wind time-series of speed (black) anection (gray) used for the strong
south-west wind scenar[direction °True N on left axis and wind speedg)rgn right
axis].
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6.4 Dispersion coefficients

Three values of horizontal dispersion coefficientre used corresponding to lower
and upper limits of literature values for longitali dispersion (0.5 and 5°%m
respectively) and a mid-range value of 1 8snfwhich is commonly used). Values for
the more important lateral dispersion coefficiesiti¢-ways spreading) obtained from
the literature would suggest that the lateral disipa is generally between half and
one-tenth the longitudinal dispersion rate. Thetieal transport of sediment is
dominated by the fall or settling velocity, rathian by upwards and downwards
dispersion, so the value of vertical dispersiorffa@ent will not substantially alter the
results. For consistency the values of the vertltgbersion coefficients were set to
0.005, 0.015 and 0.05%x (i.e., one-tenth of the lateral dispersion).

6.5 Sediment fall velocity

Geotechnical information on sediment size distitng was provided by Opus
International Consultants (2008). Three grain girstributions were used (lower
quartile, median and upper-quartile range) to regmethe predominantly-silt seabed
deposits as shown in Figure 6.3. The upper-quaetiige means the silt grain sizes are
higher e.g., for the same 60-percentile finer ggeew on Fig. 6.3), the matching grain
size is coarser for the upper-quartile line, whihe lower-quartile grading curve
represents a finer grain-size distribution anddfwe slower settling velocities.

The relationship between grain size and fall vé&jyoavas developed from a
combination of Stokes law (see Raudkivi, 1990)ditirparticles and van Rijn (1984)
for sands, which has been tested in the field sfling measurements of silts/sands
in the Waitemata Harbour. An example compositdisgttelocity relationship with
grain size is shown in Figure 6.4 for a summer watenperature of 13°C and a
salinity of 33. The effect of salinity variationa the Harbour on settling rates is
negligible, while seasonal temperature was fountiaee a minor influence on the
predicted fall velocity. Therefore, an averagehs winter (7C sea temperature) and
summer (1X sea temperature) fall velocities were used tivelean average year-
round fall velocity/grain size relationship. A tgal specific gravity of 2.65 was used
for the grain density in compiling the fall velociturves. No allowance was made for
flocculation of cohesive fine silts, which wouldremce settling rates.
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6.6 Dredger source fluxes

The rate of release of sediment into the waterroalper unit time or flux (kg/s) is
required as a source term in sediment plume maodellGiven that the in-situ and
dredging volumes are in wet bulk densities, the ellod) will be in terms of
saturated-weight of sediment in the source disehafdne model results translate
easily to sediment deposition thicknesses (if eemtdg-settled wet bulk density is
used) which is fine for sediment deposition but n¥edhe suspended-sediment
concentrations (normally expressed in dry weight fmonitoring) will be
overestimated but conservative. The detailed arsabfshe likely dredging operation,
including sediment fluxes and their timing, is @e®d in Section 7.1 (see Table 7.1).
A trailing suction hopper dredger produces two $ypé sediment discharges: a) a
discharge near the seabed of sediments disturbedhéytrailing suction head
(nominally set to discharge at 1 m above the bad, b) a discharge of sediment-
laden supernatant water that commences when tregstbopper overflows. Modern
trailing suction hopper dredgers have an overflowirnand pipe system that
discharges the overflow well beneath the waterasariset to 5 m for a typical mid-
range capacity dredger). For this sensitivity mihaiglexercise two types of dredging-
claim scenarios were modelled:

* a predominantly “sand source” was modelled becaysn though the silt
component is a small fraction (<10% and usually x4&odischarge rate of
silt-sized material at 60 kg/s for a 60 minutesrbiges until the sands fill the
hopper would discharge 216 tonnes of silts pergiredload. The suction-
head disturbance was assigned a source flux 0§30 k

* a predominantly “silt source”, where a short 4-nbénaverflow with a much
higher silt discharge rate of 1000 kg/s was modetbeallow for shut-down of
the plant. This would contribute about 240 tonnkesilts per dredging load in
an overflow (somewhat more than the “sand sourcd®rmally pumping
would cease just before overflows occur, but thienario covers
contingencies when dredging mixed sediments orextkyering of lenses of
silt within sands. The suction-head and propelistudbance was assigned a
source flux of 30 kg/s.

The time away from the dredging claim in the TugnBasin to complete a round trip
to and from the offshore disposal site was set@® thinutes for this sensitivity
testing. These cyclic discharges separated bydissal turn-around gap were set up
in the plume model for a period of 5 days operatiogtinuously.

Port of Otago Dredging Project: Harbour and Offehidiodelling 83



—NIWA_—

Taihoro Nukurangi

6.7 Dredged site

Rather than model discharges from the dredgingeveas different sites in the

shipping channel to check the sensitivity of thpuinparameters, the suite of model
runs is applied only for the claim site in the PGHalmers Turning Basin. This site
will lead to the highest suspended-sediment conggmis in the Upper Harbour and
give an indication of the level of deposition thady occur over 5 days in the vicinity
of the adjacent intertidal banks to the east ofntiaén channel (both Upper and Lower
Harbour).

6.8 Results from plume-model sensitivity testing

This section provides an outline of the differenttest can be observed in the plume
model results arising from the variability due tdnds, choice of dispersion
coefficients and different silt grain size distitiioms.

Figures 6.5 to 6.7 show the predicted seabed deposiccumulated at the end of the
5-day test simulation for a dredging claim in thr@tRChalmers Turning Basin. The
deposition values are plotted in terms of sedimesss per unit area (kgfjrwhich is
the mass flux onto the seabed. To convert to tlekribss of deposition (mm) a settled
wet bulk density has to be assumed. If this israssuto be around 1500 kgt the
higher end) then a deposition of 4 kg/eguates to 2.7 mm (over the 5-day period)
which converts to a value of 0.5 mm/day. If thim&sumed very conservatively to be
around 1000 kg/f(i.e., a watery slurry), then a deposition of 4nkgequates to 4
mm (over the 5-day period) which converts to a @ailfi0.8 mm/day.

Note: bed deposition in the plume model simulaticoscurs when sediment
“particles” reach within a few cm of the bed, amd aot subsequently resuspended by
waves or currents (i.e., a “sticky-bed” approach).

Figures 6.5a—c show the effect of using differeitts&ze distributions (Fig. 6.3) and
their associated fall velocities on bed depositlorgeneral the pattemf deposition is
very similar. For the simulation using an upper+tjleasilt distribution (Fig. 6.5c) the
area of higher deposition (e.g., light blue rangiram 2—4 kg/m over the five-day
period) is greater due to the quicker fall velocijowever, the spatial extent of the
deposition is subtly greater for the lower-quartié distribution (Fig. 6.5a) e.g.,
compare Eastern Channel shown by arrows in Fighfes-c.
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Figure 6.5c:  5-day deposition (kg/f for a “sand source” using mid-range dispersioefficients,
upper-quartile siltistribution and calm wind conditions.

Figures 6.6a—c show the effect of the differengesnof dispersion coefficients on the
predicted sediment deposition. The results showthigapredicted seabed deposition is
quite insensitive to the choice of dispersion doeffits. Comparing the deposition in

Eastern Channel again (see arrows in Figures 6).@amphasizes the low sensitivity

to dispersion coefficients.

This illustrates the dominance of the hydraulic toanof the deep channel and its
advection which contrasts with the situation opeeading plume in the ocean, which
is unbounded and not depth limited, where dispergiocesses are important.
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Figure 6.6¢c: 5-day deposition (kg/f for a “sand source” using high dispersion coéffits
median-range silt distribution and calm wind coiodis.

Figures 6.7a—c show the predicted bed depositiaterucalm winds and the two
strong NE and SW wind-event sequences (Figs 6.16a8)dIt can be seen that under
the north-east wind event (Fig. 6.7b) the predigbadtern of deposition is only
slightly “nudged” towards the Upper Harbour comjpgiate the deposition that would
occur under calm wind conditions. Similarly, undlee south west wind event (Fig.
6.7¢) there is slightly more low-level depositidre( less than 0.1 kgfnoccurring
towards Portobello Bay and slightly higher depositithin the channel landward of
the mid-harbour Islands compared to the depositiahwould occur under calm wind
conditions. Overall though, the pattern is reasbnaimilar given the differences in
wind strength and direction (although excludesetfiect of wind-wave processes).
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Figure 6.7a: 5-day deposition (kg/f for a “sand source” using mid-range dispersioefficients,
median-range silt distribution and relatively cakimd conditions.
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Figure 6.7b: 5-day deposition (kg/f for a “sand source” using mid-range dispersioefficients,
median-range silt distribution and north-east wénent.
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Figures 6.8—6.10 correspond to Figures 6.5-6.®emely, but show the predicted
5-day _averagesuspended sediment concentration (Ky/mather than the 5-day
accumulated deposition. Note 1 kd/ia equivalent to 1000 mg/L and 0.1 kd/im
equivalent to 100 mg/L. The results are averagest tve 5-day period and through
the water column and give an indication of the ease in suspended-sediment
concentration (SSC) from the discharges, over &odebackground levels, that may
occur while dredging the Port Chalmers Turning Badaim. At times, the dredging
operation and its synchrony with the tides, willeghigher values of SSC but for the
purposes of sensitivity testing the time-averag8@ §ives the best indication of the
effects of sediment fall velocity, dispersion cisénts and winds on predicted SSC
levels. The statistics of SSC at various specifications, including the maximum
predicted, are analysed in Chapter 7, where theussimulations using the base set
of plume model parameters.

Figures 6.8a—c show the effect of fall velocity Wiae three different silt-size
distributions, on predicted average SSC. In gertbmpatterrof SSC is very similar.
A patch of relatively high SSC occurs in the imnagéivicinity of the dredged site
with the predicted SSC reducing with increasesgsdin size distribution. Away from
the dredged site the low-range grain size mategsllts in slightly higher SSC values
than the high-range sediment (e.g., areas of B.2@Int is slightly increased near
entrance to Eastern Channel).
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Figure 6.8a: 5-day average suspended sediment concentratiomikégr mid-range dispersion
coefficients, lower-quartile sitflistribution and calm wind conditions.
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Figure 6.8b: 5-day average suspended sediment concentratiomiképr mid-range dispersion
coefficients, median sitflistribution and calm wind conditions.
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Figure 6.8c: 5-day average suspended sediment concentratiomiképr mid-range dispersion
coefficients, upper-quartile sittistribution and calm wind conditions.

Figures 6.9a—c show the effect of varying the dispa coefficients on the predicted
average SSC. The results show that the predict€|&&Is are quite insensitive to
the choice of dispersion coefficients, as also shimuthe results for seabed deposition
above.
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Figure 6.9a: 5-day average suspended sediment concentratiormikgior low dispersion
coefficients median silt distribution and calm wind conditions
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Figure 6.9b: 5-day average suspended sediment concentratiomikégr mid-range dispersion
coefficients median silt distribution and calm wind conditions

Port of Otago Dredging Project: Harbour and Offghidiodelling 93



— | N‘I—-WA -

Taihoro Nukurangi

161 b
&
E
;I
147 o
zI
s1I
mI
121 g
E
] £
3
103 &
b
—_ &
z 3
E
I
@, S day average S5C
(kg/m3)
6 B Above 1.000
[ ] 0.500- 1.000
[ 0.200 - 0.500
47 [ 0.100 - 0.200
[ 0.050 - 0.100
[ 0.020 - 0.050
21 S Il 0.010 - 0.020
7 I 0.005-0.010
% I 0.001- 0.005
0 [ Below 0.001
0 ) 10 15
(kilometer)

Scale 1:100000

Figure 6.9c: 5-day average suspended sediment concentratiormkgior high dispersion
coefficients median silt distribution and calm wind conditions

Figures 6.10a—c show the predicted SSC under catdswand the two strong wind
events (Figs. 6.1 and 6.2). The results show tfeztsfof quite different 5-day wind
sequences are minimal in terms of the predictedagee SSC within the Harbour.
During any individual wind event and at certaintesaof the tide there will be minor
differences in the suspended-sediment plume tajectnder calm conditions
compared to strong winds.
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Figure 6.10a: 5-day average suspended sediment concentratidmképr mid-range dispersion
coefficients, median silt distribution and calm d@iconditions.
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Figure 6.10b: 5-day average suspended sediment concentratiomiképr mid-range dispersion
coefficients, median silt distribution and norttseaindevent.
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6.9

coefficients, median silt distribution and southsiveind event.

Overall results from sensitivity testing

In general the application of the MIKE21 PA modal firedging discharges in Otago
Harbour shows the results are relatively insersitivthe effect of winds, the choice
of dispersion coefficients and the use of differguartile silt distributions examined
for a sand dredging claim within the Port Chalnissning Basin.

This means that for discharged sediments, dispeesid mixing processes (excluding
settling of silts versus sands) and wind-drivere@l on currents play a relatively
minor role in determining the fate of sediment Heges from the trailing suction

dredging operation. The key reason is the dredgpegation would occur within the

deep main channel of an otherwise shallow intdrtis@bour, so advection of

sediments and seawater to and fro along the chavo@t dominate the transport of
slowly-settling sediment away from the dredged. ddischarge sources well below
the water surface i.e., near the bed (nominally) and 5 m below the surface for the
overflow, also contribute to constraining the @egtlsediments within the channel
systems, rather than leading to substantial spngaalit across the adjoining intertidal
flats, with the only opportunities for wider spreaagloccurring around high tide.
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The sensitivity test results also indicate thataheice of which quartile silt-grain size
distribution to use (upper quartile, median, or dowjuartile) is also somewhat
insensitive, again because of the dominance ofct@nel advection and general
containment within the channel system. While tremee significant differences in the
percentage of each grain size material within thpeu, median and lower range
sediment distributions (see Fig. 6.3) these diffesdt-size distributions produce only
subtle differences in both the predicted suspersdeliment concentrations and bed
deposition (as shown above). The effects of windsadso relatively minor as both the
sources are well below the surface and not direoflyenced by modification of the
tidal currents by increased winds (surface wind egsawere not included). This
emphasizes that the to and fro tidal advectiorhéxdhannel is a dominant factor in
determining the transport of suspended-sedimemguu

6.10 Decisions on Harbour plume model parameters

For subsequent plume modelling of scenarios frorohedredge claim sub-area
(Chapter 7), we adopted the mid-range dispersiaific@ents and the median silt-
grain size distributions. For winds, as used inNesvark (USA) dredging operation
situation (USACE, 2005), we used an extract ofa td-day neap/spring tide cycle
along with typical winds (rather than simply assuraém conditions). An extract of a
previously recorded 14-day spring/neap period was found such that the 14-day
average wind speed mimics the average wind speettfre long-term wind record at
Taiaroa Head. Subtleties in terms of the differenge predicted SSC and bed
deposition that may occur under strong winds fromgouth west and north east can
be quantified by referring to the model sensitivitps (Figs. 6.7 and 6.10).

Based on the long-term record at Taiaroa Head,raopoof the wind record from
January 2007 was used for subsequent Harbour phoodelling that is discussed in
Chapter 7. This wind record, shown in Figure 6.aftains the same distribution of
wind directions and the same mean wind speed innthréh-south and east-west
components as the long-term record at Taiaroa HEael.peak wind speed reached
just over 11 m/s (22 knots).
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Figure 6.11: The 14-day wind time series from January 2007 ambgor subsequent Harbour
plume model simulations discussed in Chapter 7.dVdinection (grey line) is on left
axis [°True N] and wind speed (dark line) on rigitts [(m/s)]. This portion of wind
record contains the same relative distribution mfdndirections as the long-term wind
record and has the same average wind speeds fondtte-east and south-west
components as does the long-term record.
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7. Modelling results for turbidity and deposition of Harbour dredging
operations

7.1 Types of dredgers to be used

Model parameters describing discharge sources Her relevant sediment-plume
model simulations are specific to the type of dexdfat will be contracted.

A mid-size trailing suction hopper dredger (TSHWith a hopper capacity of
between 8,000 frto 11,000 r is the type of dredger that is proposed for utadter
the majority of dredging of the deepened shippirftanmel. However, where
substantial channel widening is required acrosstiexj shallow areas, mainly the
adjacent intertidal banks to the east of the Pbdl@ers Turning Basin, there would
be insufficient draught for a mid-size TSHD to aer So an alternative method will
be required to remove seabed material down todfeired operational depth for the
mid-size TSHD. An allowance for this was built irttee sediment plume simulations
for the eastern side of the Turning Basin by sgttire overflow discharge point much
nearer the surface in the plume model for theahitalf of the dredging on the eastern
side.

A Back Hoe Dredger (BHD) is proposed for the thteealised rock outcrops at
Rocky Point, Acheron Head and Pulling Point (Fid.) bn the flanks of the widened
channel, due to the stronger breakout forces reduior the rock substrate. This
Report doesn’t specifically cover the modellingsefdiment plumes from the BHD
working on rocky areas, as suspended-sediment ntatiens are likely to be

substantially less than for the TSHD, and the va@snnvolved are much smaller
(~25,000 m) than the overall volume of dredging claims (l#sn 0.5% of total bulk

volume).

7.2 Trailing Suction Hopper Dredger operations

A trailing suction hopper dredger (TSHD) is a gmibpelled vessel (Fig. 7.1) with a
large hopper (CIRIA, 2000) that stores the dredgeterial for transport to the
disposal area before emptying its contents.

The suction pipe, which is lowered to the seabeddsyicks, terminates in a draghead
(Fig. 7.1). The type of draghead used is speatfithe type and stiffness of material
being dredged and may be of the plain type or magprporate a water jet system,
blades or teeth, for dislodging compacted materidie function of the draghead is to
allow the seabed material to flow to the suctioletiras efficiently as possible. A
TSHD operates very much like a floating vacuum mégalt sails slowly over a pre-
set track to be dredged, filling its hopper agdgeeds (Fig. 7.1).
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Figure 7.1:  Artists impression of a trailing suction hopper diser (TSHD) Bource TUDelft
University. http://www.dcsc.tudelft.nl/Research/Current/ma@s:htm]

The hopper acts as a large settling tank wherbdhgier particles settle to the bottom
leaving the finer material suspended in the suganmtavater. The amount of material
that settles depends on the nature of the matékfala guide, sands of grain size
greater than 0.063-0.075 mm, will quickly settle tee hopper, while silt-sized
material (<0.063 mm) generally remains suspendgzbaally fine silts.

On completion of loading, the dredger sails todisposal site where the cargo can be
discharged, either by opening the doors or valwethé hopper bottom. A TSHD
hopper can normally be emptied of the majority atev remaining when the bottom
doors are closed after each load has been dischdfigace the first phase of dredging
is to fill the hopper with the dredged water-seditnmixture, of which typically less
than one-third will be particulates. If dredgingased at this time, there would be no
“overflow” discharge of water and suspended saiids the Harbour. This would be
the case when dredging non-cohesive silts whichatareadily settle in the hopper.
Otherwise from the time the hopper has filled witle water-silt mixture, all the
subsequent volume of material being dredged wallvfback into the sea through the
overflow weir with no further increase in produdtv Therefore there are both
environmental and economic reasons to minimise flowes when dredging
predominantly-silt claims.
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When dredging coarser materials, such as sandsp#rator would continue until the
hopper is full of seabed material, or almost falibject to a bulking factbrand the
dredger density (packing) capacity compared withuwe capacity. This greatly
increases the efficiency of the dredging operatisewer trips to the disposal site are
required. Up until the hopper is full of the watsdiment mixture, the dredger is in a
“no-overflow phase”. Once the hopper is full, thgparnatant water (and any material
still in suspension near the top of the superngiardischarged into the seawater via
an overflow. The amount of material in suspensiepethds on the percentage of fine
sediments (silts) in the in-situ sediments.

Smaller TSHDs, such as the Port Otago Ltd mainismnanedgeNew Era overflow
the supernatant water and sediment mix via a wair the side of the vessel and onto
the water surface. However, larger contract TSH&dders, of the size that would
undertake the channel-dredging project, dischargeawveir down a large pipe that
passes out from the bottom of the vessel and therefny suspended sediment re-
enters the sea from under the vessel well belowntier surface (typically 5-9 m
below the surface). Modern dredges also use aaljyedesigned valve that minimises
the amount of air entrainment into the overflow éimekefore minimises the tendency
of the discharged water/sediment mix to come to she€ace due to enhanced
buoyancy.

When the loading of the dredger hopper is comptbedragheads and suction pipes
are lifted on board and the ship sails to the diapsite via the Harbour channel and
the shortest line to the designated area. Oncdrébdger is over the disposal site, the
bottom doors or valves are opened to dischargeliteged material, which descends
to the seabed. When discharging, the dredger ithikestop to discharge or move at a
slow speed to help flush the material from the leopm each case the position of the
dredger when the doors are open is predetermingdhantrack recorded to ensure an
even distribution of sediments across the dispass.

The sources of turbidity during the dredging operet are therefore:

1. The draghead as it moves over the seabed. Jihisrimally a relatively low-
volume source as most material loosened and patgospension will be
sucked through the draghead into the pipe leadintheé ship’s pump and
hopper. This is a similar action to a householduvat cleaner over a dusty
floor. The ship’s propellers also produce high-ggewater movement that

4 Bulking refers to the increase in volume of thensaweight of sediment, from a higher
undisturbed in-situ bulk density to a lower densitythe hopper caused by the pumping
process and mixing of seawater.
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can put loosened bed material into suspension atndie the water from the
overflow pipe under the ship. This is also a re#dti low-volume source.

2. The overflow from the dredger’s hopper. The maké¢hat re-enters the water
column of the Harbour will be mainly derived frohetsilt content within the
predominately-sand substrates of the Harbour. Wnedging predominantly-
silt claims, the operations will cease just prioraverflow (although in the
plume modelling we have also included a pragmatmidute overflow to
allow for the plant and pumps to be turned off).eTdverflow can be a
significant source of suspended material dependmghe silt content in the
sand and the stage in the dredging cycle. The ahudwuspended material in
the overflow depends on the settlement rates witiénhopper and will vary
throughout the dredging cycle as the hopper becduolesvith less surface
water (supernatant).

3. The discharge at the disposal site. The matextalned within the hopper of
the dredger will be ejected over the designategodal site. Sand will act
differently during disposal than silt and the happeolume will be
considerably greater. The hopper will be full, @anfull, with sand that has
had the silt content washed out. When dredgingosikandy silt, the hopper
will only be about a third full of solid materiddut the silt content will remain
in suspension or quickly become suspended as fisdtiorough the water
column. Cohesive clay, silty clay and clayey si#iad to remain grouped in
balls and therefore a reasonable proportion igyliteeact similarly to sand.

Modelling of the first two discharges in the Otagarbour environment is discussed
in the following sections, while plume modelling the offshore disposal is described
later in Chapter 11.

7.3 Dredging parameters for Harbour plume modelling

The input hopper load is dependent on the mateeialg dredged, the type and size of
dredger and its load (pumping) rate. The volumedwgdging for Project Next
Generation suits a mid-size TSHD, of the range ®,0@,000 i hopper capacity
(Lincoln Coe, POL, pers. comm.). Using an uppegeahopper capacity of 10,800
m°, input hopper loads for the plume modelling cavgrclaims from two types of
sediment sources were estimated.

Note: Sand-size material was not specifically includedhie plume model because
they settle quickly in the hopper of a TSHD antldits passed through the overflow.
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Likewise, bottom disturbances of sand-sized mdtegiackly settle back on the
seabed. Therefore, all the results from the plurndeting below relate to silt-sized
material that is found in both predominantly-sand (“sandijhd more so in
predominantly-silt (“silt”) dredging claims.

7.3.1 Dredging predominantly sand areas

Based on a mid-sized hopper capacity of 10,86ah® in-situ volume dredged per

load would be around 8660°niThis would occur over approximately 80 minutes
(1.33 hours) of pumping at a rate of around 1G8nimute. This hopper loading rate

also compares with various overseas projects usidysize TSHDs that range

between 54—115 fminute (Stuart Hughes & Assoc., pers. comm.).

Based on results from geotechnical core samplingugOnternational Consultants,
2008), the following sediment discharge rates (@&bl) were estimated:

« Draghead and propeller disturbance—a dischargeceoaf 30 kg/s was
assigned to cover these near-bed disturbance® d@iltrcontent in the sands.
This rate is conservatively higher compared witHuga for sediment
resuspension from two example TSHDs provided byl&£IR000) although
these were for dredging in predominantly silty seghts. This discharge was
nominally located in the plume model at 1 m abdweedeabed.

« Overflow discharge—a pumping rate of 10&min, with an in-situ wet bulk
density of 1800 kg/fhand an average of 2% silt content by mass in “sand
claims would produce an overflow of around 60 kiyls.sand-sized material
is assumed to be in the overflow discharge asttiesemuch more quickly in
the dredge hopper. The overflow discharge in thenpl model was located at
5 m below the surface at the time of dredging (ddpe& on the tide level).

Given that the in-situ and dredging volumes abaedrawet bulk densities, the plume
modelling will be in terms of saturated-weight @&dgment for the above sediment
source fluxes. The model results translate easilgediment deposition thicknesses
(when an appropriate recently-settled wet bulk de¢nis used) but means the
suspended-sediment concentrations (normally exgadssdry weight per volume for
monitoring analyses) will be overestimated althoeghservative. Using a range of
estimated dry bulk densities of 1300 to 1500 Kggbtained for similar consolidated
in-situ silty sands in sub-tidal channels of thatca Waitemata Harbour in Auckland
(Andrew Swales, NIWA pers. comm.), means the sudpeisediment concentrations
may realistically be 70-80% of the suspended-seadtimencentrations presented in
this Chapter.
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7.3.2  Dredging predominantly silt areas

Based on results from geotechnical core samplingugQnternational Consultants,
2008), the following likely discharge rates (TabBl&) were estimated:

» Draghead and propeller disturbance - the same aligehsource of 30 kg/s
was assigned to cover these near-bed disturbahicesdischarge was located
nominally at 1 m above the seabed.

e Overflow discharge - normally the pumping would s2ammediately prior to
overflows occurring, estimated to be 20 minutes330hours). However,
conservatively we have included an additional shérninute overflow
discharge of 1000 kg/s in the plume modelling twecoa pragmatic shut-
down of the dredging operation, especially whenddimy claims having
isolated layers (lenses) of silt embedded withimntgesands.

7.3.3  Dredging cycles including disposal trips

Once loading ceases, after 1.33 hrs for “sand’mdaand 0.4 hrs for ‘silt” claims
(Table 7.2), the TSHD would proceed to the dispgsalind to discharge the hopper
and return to repeat another cycle of dredging. Timmaround times will be
substantially longer for the dredging that takezcelaround Port Chalmers compared
to the dredging off The Mole for example. Turn-arduimes used in the simulations
for an offshore disposal area are listed in Tahkef@r the five channel source-areas
selected as representative discharge points for siigpended-sediment plume
simulations (Fig. 7.2). The loading times and tloend-trip times were used to
construct a sequence of on/off discharges at ties tested in Table 7.1. Note: Turn-
around times for the selected AO disposal areactwhias selected at the end of the
modelling process — see Chapter 11) will be lortgan that modelled and listed in
Table 7.2 (which was set for an initial disposati@p at A1). However, the plume
modelling presented here will be more conservativelation to suspended-sediment
concentrations with less time between dischargéisarmodel than will be the case in
practice if a disposal ground further offshore gedl The discharge itself will be
unaffected by turn-around times.

The discharge heights for each source area ardistisd in Table 7.1. The exception
is the eastern side of the Turning Basin, wheretleflow for the first 7 days was set
to 1 m below the surface (for a smaller-draughtigee), followed by 7 days at 5 m
below the surface, when a mid-range TSHD can commemperations in the
deepened section of the widened Turning Basin.
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Source discharge rates to be used for the combmati near-bed disturbances and
overflow sources, time windows for these sourdes ) minutes being the start of
pumping) and the total average hopper load (kgeath sediment-source type.
[Source:Stuart Hughes & Associates and POL].

Sediment source Discharge height Sediment Timing Total mass
discharge rate . in hopper
(kg/s) (min) load "
(kg)
“Sand” claims 1 m above bed 30 0-80 min 15,600
5 m below surface’ 60 20-80 min
“Silt” claims 1 m above bed 30 0-24 min 6,067
5 m below surface’ 1000 20-24 min

¥ except for the eastern side of the Turning Basin, where initially (1* 7 days of the 14-day
simulation) the overflow was set to 1 m below the surface.
assuming a wet bulk density of 1800 kg/m3 for sands and 1600 kg/m3 for silts.

Based on the round-trip times (Table 7.2) and éspective in-situ volumes of “silts”
and “sands” in each of the representative charmete-area claims, the total number
of dredging days (24-hour units) for each soureaawras determined for the 15-m
Harbour channel (final design) which sum up to tb&l dredged volume of 7.06
Mm?. These dredging days were then used to calciatattors listed in Table 7.3 to
pro-rata the accumulated sediment deposition obdairom each 14-day plume model
simulation of “sand” and “silt” claims for each tbfe five source sites.

The total number of dredging days to dredge th@e2b-m channel option out to
Landfall Tower (excluding rock volumes) dependsaamumber of variables including
the capacity of the TSHD used, the distance tooffghore disposal site and down-
time due to maintenance and weather contingene@dower-boundestimates of the
total time for accumulated deposition (which wilkkld an upper-bound on deposition
rates), we have used the largest mid-size TSHDylitee be suitable for this project
(10,800m hopper capacity), and turn-around times to théepred AO disposal area
(see Chapter 11), with and without down-time. Based these (conservative)
assumptions, the estimated dredging season isatetinat approximately 120 days,
extending to around 150 days if a 20% down-timé¢ofais assumed (Stuart Hughes &
Associates, pers. comm. and POL).

For assessing the accumulated deposition withig@tdarbour over the dredging
season, only one-third of the estimated dredginlymwe of sands for the outer
approach channel was lumped in with the HaringtendBsource discharge site (Fig.
7.2). The rationale is that the majority of the ida discharges from the outer
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approach channel claim, where there is negligilitecentent, are unlikely to be
deposited inside the Harbour, apart from the seaftd the main channel in and
around the wider Entrance area. This means theribaend dredging period relevant
to Harbour silt deposition would reduce by arounda§s to be approximately 111
dredging days excluding downtime or around 140 desjtsg a 20% down-time factor.
Because the length of the dredging programme islaebhite, the resulting dredging
effort required for each discharge source locatimed in the plume/deposition
modelling is expressed in Table 7.3 as a % of thiadiging days that would affect the

Harbour.

Table 7.2: Dredge loading times and round-trip cycles usedrfodelling discharge plumes from
5 representative channel source-areas (Fig. 7d3dihg and round-trip times were
used to construct sediment discharge on/off cyidegach sub-areaSpurce:Stuart
Hughes & AssociatesNote: Values for the time away are relevant to the ahiil
disposal option.

Loading time Round-trip (loading, Time away from
(hrs) disposal, turning and dredged site
return time) (hrs)
(hrs)

Channel “Sands” “Silts” “Sands” “Silts” “Sands” “Sjlts”
source-area

Harington Bend 1.33 0.4 2.29 1.29 0.96 0.96
Cross-channel 1.33 0.4 2.52 1.52 1.19 1.19
Taylers Bend 1.33 0.4 2.74 1.74 1.41 1.41
Basin—-west 1.33 0.4 3.16 2.16 1.82 1.82
Basin—east 1.33 0.4 3.16 2.16 1.82 1.82
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Figure 7.2:  The five representative channel source-area sites] tas the discharge source
locations for dredged-cycle suspended-sedimentgkimulations.

Table 7.3: Factors used to pro-rata the accumulated depositémths from the 14-day plume
model simulations for each source-area for a suiomatf the total deposition over
the dredging programme. They were estimated froquired dredging volumes
clumped together into five channel discharge souamations (Fig. 7.2) and
partitioned separately for “sand” and “silt” claimgalues apply to the 15-m dredged
harbour-channel (final design). Because the dredgieriod is not definite, the
dredging effort required for each discharge solocation is expressed as a % of total
dredging days that would affect the Harbour.

Channel discharge Model output % of total Model output % of total
source (Fig. 7.2) factor dredging factor (“silt” dredging
(“sand” days sources) days
sources) (“sands”) (“silts™)
Harington Bend 1.44 20.4% 0.57 8.1%
Cross-channel 0.44 6.2% 0.32 4.5%
Taylers Bend 0.28 4.0% 1.22 17.3%
Basin—west 0.03 0.4% 0.62 8.8%
Basin—east 1.18 16.7% 0.96 13.6%

Note: dredging days for “sand” and “silt” claimseanot proportional to volumes dredged as dredging
sands is more efficient than for predominantly-s#éitiments.
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7.4 Harbour plume modelling approach

Flow fields for the sediment plume modelling wendracted from the MIKE-21
hydrodynamic simulations for the existing channeithgmetry rather than the
simulations for the completed 15-m deep channabopSimulations for the existing
channel hydrodynamics and depths are relevantriditons at the commencement of
the dredging project, while the other set of hygramic simulations only relate to
the final design channel depth at the completiorthef project. Using the existing
hydrodynamics will be more conservative in termsboth seabed deposition and
suspended-sediment concentrations (SSC) becaushdheel will be shallower and
the near-bed discharges from draghead and propaibéurbances will be higher
relative to Chart Datum than at design channeltdegiNote: overflows will be at a
constant depth below the water surface, which wohdange much before or after
dredging). As the channel dredging approachesintd tlesign depth, the sediment
plumes are likely to be more constrained within th&in channel, especially as the
flanks of the channel adjacent to intertidal baaks cut down to design depth, and
channel velocities generally slow down somewnhaitret to existing situation.

Suspended-sediment plume simulations were set updoh of the 5 source areas
(Fig. 7.2), running for the same 14-day neap/sptitig cycle with typical winds, as
discussed in Section 6.10. Two 14-day simulatioesewundertaken per source area
for predominantly “sand” claims and predominansiit” claims.

On/off cycles for the two sediment types and the types of discharge source (near-
bed disturbances and overflows in Table 7.1) werestucted for a 14-day sequence
as input to the plume model simulations. As disedsi® Section 6.10, we adopted
mid-range dispersion coefficients and the medibggiin size distributions.

Subsequent resuspension of settled sediments waschaled in the simulations (see
also Chapter 6), so the predicted seabed depositepths will generally be
conservative, except those areas of the Harboufambed by initialdeposition within
a 14-day neap/spring tide simulation.

The results from the 14-day sediment-plume simaativere processed as follows:

e SSC in each model grid cell was averaged over thday simulation and
plots of the depth-averaged concentration in Rgfmoduced for dredging
from both “sand” and “silt” claims for each of teeurce-area discharges.

» Seabed deposition accumulated at the end of thdag4simulation in each
model grid cell was plotted in mass per unit akegnf) for both “sand” and
“silt” claims for each of the source-area discharge

Port of Otago Dredging Project: Harbour and Offehidiodelling 108



Figure 7.3:

._.—--N‘LWA Eal

Taihoro Nukurangi

» The Harbour receiving environment was divided iatoumber of distinct
sub-areas as shown in Figure 7.3, and the resultsath sub-area tabulated in
the form:

0 % of time the SSC was in various concentration eangithin a sub-
area.

0 % area across the total sub-area that the acclweduldéposition
reaches specified bands of deposition depths plevage and
maximum deposition depth.

» Finally, the deposition in each sub-area of thebldar was integrated up to
cover 120 continuous dredging days by applyingfélcéors from Table 7.3 to
pro-rata the accumulated deposition values fromréevant 14-day plume
simulations for each of the discharge sources.
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The Otago Harbour receiving environment divided istib-areas for integrating the
seabed sediment deposition results from dredgidgnemt sources at five different
channel discharge locations. The numbers for eabkasea are used along with a
descriptive location name in the tabulated resoélow. Areas in hectares of these
sub-areas are listed in Table 7.6.
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7.5 Predicted results for SSC and deposition from Harbor dredging

This section presents plots and tables of the plonméel results based on five source-
area sites in the channel for both predominantnt® and “silt” dredging claims.
Note: the plume modelling only considered the sited fractiorfrom the “sand” and
“silt” dredging claims.

The results for suspended-sediment concentrati8®&C) relate to a shorter turn-
around time for the dredger based on a return vyagan initial offshore disposal
area at Al, whereas the final choice of disposeh @t AO is 3.2 km further offshore
(which adds about 15 minutes to the turn-arouneég$mThis means the modelled SSC
variations over time will be slightly more consdiva because in the model
simulations there is less time to recover betweedging runs. However, maximum
SSC values will be the same irrespective of tunmagicimes, as they are a function of
the dredger’s pumping and discharge rates.

7.5.1 Average SSC over a 14-day spring/neap cycle

Suspended-sediment concentration (SSC) averaged eweh 14-day plume
simulation was calculated for each model grid ¢80 m x 30 m) and plotted in
Figures 7.4 to 7.8 for each of the five dischamgerses. Concentrations are presented
in kg/nT, where 1 kg/mis equivalent to 1000 mg/L and 0.1 kd/im equivalent to 100
mg/L.

Concentrations from the MIKE-21 PA plume model averaged over the entire depth
of the water column at the time of calculation tise 14-day SSC averages shown in
the plots are also averages over the water dgpithtide to seabed level). However,
because the sediments are discharged at depthhamdpteferentially settle (even
though there will be some upwards vertical dispersithe SSC will be distributed
unevenly through the water column, skewed towardshrhigher-than-average SSC
near the seabed compared to a lower-than-averaGeaf$he water surface. This
skewed distribution also occurs naturally with kidarrent or wave stirring of bottom
sediments, where the SSC is far greater just ablmwveseabed than at the surface -
more so the deeper the water column and the ltingegrain size.

The plots show the following key results:

« the dredger discharges in the Turning Basin (Hgé.& 7.5) would have the
most influence on elevating average SSC above bagkd levels in the
Upper Harbour, in contrast to dredging at HaringBand and beyond (Fig.
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7.8), which would have little influence on SSC e tUpper Harbour beyond
Goat and Quarantine Islands;

» the highest depth-average SSC values (e.g., oembdL with some patches
up around 1000 mg/L) would occur in the main shgpthannel, subsidiary
side channels e.g., channel north of Quarantiradsthrough to Portobello
Peninsula (Figs. 7.5-7.7), and on the intertidahkbaadjacent to these
channels e.g., the mid-harbour intertidal banksnfidischarges at Harington
Bend (Fig 7.8);

» discharges from predominantly-silt areas (top paoélFigs. 7.4—7.8) show a
wider spread of affected areas onto intertidalsflahd side channels than
discharges of silt-sized material from predominastind areas (bottom
panels). This difference relates directly to thegniaude of the discharge or
flux of silt-sized material, which was set to 1088/s for “silt” claims
compared to 60 kg/s for “sand” claims, even thotighlatter discharge would
run for much longer. However, there wouldn’t be @gdread dispersion of
these finer silt-sized sediments over large tratthe Harbour, as the channel
tidal streams dominate the transport of suspendtiments rather than
dispersion/spreading processes. Also there would dy limited
opportunities around the more quiescent perioceeiside of high tide when
diluted plumes from the overflow sources - thatd&ége most of the time at
5 m below the surface (except at Turning BasinJEasin spread out further
over adjacent intertidal or shallow sub-tidal areas

* while there is only a short distance separatingttéee Turning Basin source
locations (east and west on Fig. 7.2), there wbeld substantial divergence
in areas affected by suspended-sediment plumestalube strong flow
divergence at Quarantine Island. From the “westira® location, discharge
plumes would be transported up the Victoria Chapaetway into the Upper
Harbour (Fig. 7.4), while plumes from the “east'Usme location would be
preferentially transported and dispersed to areasina the Portobello
Peninsula and into the Latham Bay area of the Upiaebour (Fig. 7.5). The
wider spread of average SSC in Figure 7.5 (comptrdeig. 7.4) is also a
function of the overflow discharge being set toyahlm below the surface for
the first half of the 14-day simulation for the ®as side of the Turning
Basin;

* most of the eastern side of the Lower Harbour ffbenRauone Beach to
Harwood would be largely unaffected by dischargarses other than the
Harington Bend discharge location, and then onlyatcthes (Fig. 7.8);
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» the eastern side of the Upper Harbour from Grassyto Dunedin would be
also largely unaffected by sediment discharge ssyrc

* 14-day average SSC will be low in the plume thaaeates from the Mole to
Taiaroa Head channel section for dredging claimthé Turning Basin, but
will gradually increase up to a depth-average S$QAGH-200 mg/L for
discharge sources at Harington Bend. These av&&@elevels offshore from
the Mole would reduce somewhat as the dredger wihr&sHowlett claim
(between Harington Point and the Mole) and furthegtuce in the Outer
Channel claim as the silt content of the sandy egadediments reduces
considerably to virtually nil.
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Figure 7.4:  14-day average SSC in kgfior a Basin—west discharge soufoe predominantly-silt
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7.5.2  Statistics of 14-day plume model results for SSC

The above results show the spatial distributiothefdepth-average SSC, averaged in
each model cell over a fortnight. A statistical suany of the SSC plume model
simulations for each discharge source area is gedviat the end of the Chapter in
Table 7.4. The % of time that the depth-averaged 8Sn various brackets of excess
concentration (above background) from zero to >#@gL is listed for each of the 27
sub-areas of the Otago Harbour environment (FR), Tor different source discharge
areas (5 sites in Fig. 7.2) and for predominardiyesand predominantly-silt dredging
simulations.

The most obvious result from Table 7.4 is thatlirsections of the Harbour (leaving

aside the main shipping channel), the % of time the excess SSC is zero is quite
high - often 80% of the time or more. This wouldcac because the dredging

discharges are not continuous, but cyclic with gafagp to 1.8 hours (Table 7.2), and
the tidal flows reverse every 6 to 6.5 hours, ptng lengthy periods at “upstream”

sites for silt-sized material to settle out.

Conversely, Table 7.4 shows there would be few blarlsub-areas where the depth-
averaged SSC exceeds 400 mg/L for 5% of the timmare (over and above the
background concentration). This would only occursirb-areas covering the main
shipping channel, close to the relevant dischaogece, and three intertidal sub-areas
adjacent to the main shipping channel in the middiitne Lower Harbour: a) sub-area
15 (Port Inter-tidal) for a Basin—West and a TaylBend discharge; b) sub-area 16
(Pulling Inter-tidal) and sub-area 17 (Tayler Intielal) for a Cross-channel discharge
site.

Because of the high % of time at near zero exc&€3 But with short bursts of high
concentrations (see > 400 mg/L column in Table, 7 variation of SSC with time
IS quite skewed. This means the 14-day averageVak@s presented in the previous
section are also skewed to higher magnitudes thamedians (i.e., concentration
which was exceeded for 50% of the time) were catedl, so using averages is more
conservative.

7.5.3  Accumulated seabed deposition over a 14-day sprimggap cycle

Accumulated seabed deposition over each 14-dayepiimulation was calculated for
each model grid cell (30 m x 30 m) and plotted iguFes 7.9 to 7.13 for each of the
five discharge sources. Deposition is presenteghass of sediment per unit area of
seabed (kg/R). These deposition values are generally conseev/ais no subsequent
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resuspension by competent tidal currents or windewstirring was included in the
plume model simulations, which will act to furthggread and disperse some of the
initially-settled material.

To convert to the predicted thickness of deposifimm), a settled wet bulk density
has to be assumed. For this analysis, and the atated deposition heights presented
in the next section, a wet bulk density for recestttled sediments was assumed to
be around 1300 kg/inThis value is substantially lower than the ranf@n-situ bulk
densities currently in the channel, and therefargservative as it will produce higher
estimates of deposition thickness than may be dlse i practice. Consequently, the
highest band of deposition above 5 kgfred) in Figures 7.9-7.13 equates to a 3.8
mm thickness (dividing 5 by the density 1300) tvatld be accumulated over the 14-
day simulation period, which converts to a rat@.8fmm per day.

The plots (Figs. 7.9—-7.13) show the following kegults for seabed deposition over a
14-day neap/spring tide cycle with varying winds:

« Deposition at or above 5 kgfn({red) or approximately 3.8 mm over a
fortnightly period is largely confined to: a) theam shipping channel (all
discharge sources); b) the subsidiary channel ¢oeidst from Quarantine
Island (Figs. 7.10—7.12); c) around Goat Island ap Victoria Channel to
opposite St. Leonards for a discharge source atifgiBasin—west (Fig. 7.9);
and d) some of the flanking intertidal flats togbehannels.

» Discharges from predominantly-silt claims (top dame Fig. 7.9—7.13) would
cause higher deposition thicknesses (and daily siépo rates) than from
predominantly-sand claims (bottom panels), evendhdhe overflows would
occur much longer (60 minutes) for the latter. Tisidbecause the discharge
rate or flux of silt-sized material has been se&tmuch higher rate of 1000
kg/s for “silt” claims, than when dredging “sandaims (silt flux of only 60
kg/s). The much smaller but longer overflow disgeaof silty material when
dredging “sandy” sites, allows the silt-sized mialleio disperse more widely
causing lower local deposition rates. This reshlves that any measures
targeted at reducing overflows to a minimum, whegdding predominantly-
silt areas of the channel, would substantially oedenvironmental effects
arising from deposition of fine sediments.

e The Upper Harbour would have virtually no disceteafeabed deposition
arising from discharge sources at Harington Berdl fanther seaward (Fig.
7.13).
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* Most of the eastern parts of the Lower and Uppebélars would be subject
to little or no deposition, apart from the reacbnfr Latham Bay to Yellow
Head (west of Portobello Peninsula) for discharfges the eastern side of
the Turning Basin, Taylers Bend through to the €msannel, and in the
subsidiary channel from Te Rauone Beach to OhiRglint from Harington
Bend discharge sources.

+ Deposition rates would gradually increase from10.5 kg/nf (or 0.4 to 3.8
mm) per fortnight in the area centred on the oafgroach channel and ebb-
tide bar, seaward of the Mole, as the dredger wiirésHarington Bend area
and seawards (Fig. 7.13). However, these depasithe area beyond the
Mole are unlikely to remain in place for long duethe active wave climate
which will continue to re-mobilise these sedimeatsl in conjunction with
currents, further spread the seabed material aishalongshore and some
back through the Harbour Entrance.
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Figure 7.9:

14-day accumulated seabed deposition in kdéma Basin—west discharge soufoe
predominantly-silt claims (TOP) and predominantiya claims (BOTTOM).
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7.5.4  Statistics of 14-day plume model results for accuntated deposition

The above results show the spatial distributiothefaccumulated deposition in each
model cell over a fortnight for different sourceeas. A statistical summary of the
accumulated deposition from the plume model sintatfor each discharge source
area is provided at the end of the Chapter in Talde The % of each of the Harbour
sub-areas that the deposition thickness would baiious brackets from zero to >5
mm in height is listed for each of the 27 sub-amfake Otago Harbour environment
(Fig. 7.3), for different source discharge areassites in Fig. 7.2) and for both

predominantly-sand and predominantly-silt dredgimgulations.

The most obvious result from Table 7.5 is that nmst-areas, except the main or
subsidiary channels and adjacent intertidal subsarenly small thicknesses of settled
sediments of <0.1 mm would occur over a fortnigtit 4nd 2¢ result columns in
Table 7.5).

Sub-areas that would generally experience highpositon thicknesses >5 mm in a
fortnight are in the main shipping channel from Mele to Port Chalmers and while
other sub-areas for >5 mm deposition over more #%nof the sub-area would be
more specific to the source discharge site:

* Basin—west sources: sub-area 18-Goat Channel (Z9%hisosub-area for
“silt” claims).

* Basin—east sources: sub-area 15—-Port Inter-tidiffo(and 12% of this sub-
area for “silt” and “sand” claims respectively);bsarea 22—Pudding Inter-
tidal (5% of sub-area for “silt” claims).

» Cross-channel sources: sub-area 17-Tayler Intak-{@P6 of sub-area for
“silt” claims).

As mentioned earlier, it would be discharges frbmn ‘tsilt” claims which produce the
highest % of sub-area with deposition >5 mm, so raeasures to reduce the time of
overflows working “silt” claims would bring abouteductions in deposition
thicknesses and rates.

7.5.5 Deposition accumulated over the entire dredging prgramme

Silt deposition in each sub-area of Otago Harbdtig.(7.3 or 7.14) was finally
integrated up by applying the factors from Tabl@ & the accumulated deposition
values from the relevant 14-day plume simulatiarseiach of the discharge sources.
No subsequent resuspension of these settled sitsneluded.
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The results of predicted accumulated silt depasitiom dredging in the Harbour are
summarised in Table 7.6, based on units of 30 xB@®nodel cells. A range of
statistics were used to summarise the accumulapdsition, including % of the sub-
area where deposition was nil, the average thickiresnodel cells across the sub-
area, and three percentage deposition values (mexi®0%, 90% and 99%) that
relate to the percentage of cells with less thahdeposition thickness within the sub-
area. For example, the 90% deposition thicknesssndeat 90% of the cells in the
sub-area would be below that accumulated thickf@ssnother way, the thickness
exceeded within 10% of all cells in that sub-ar&gch sub-area has a different areal
extent, so Table 7.6 also provides the area inahestthat relate to the various
statistics on predicted deposition thickness inl@ &t5.

The average sediment deposition across all cellninsub-area is higher than the
median deposition because of the skewed distributfomost model cells showing
minimal or low deposition thicknesses but a smalinber of cells receiving higher
deposition. Therefore, the median will be smalleant the average across any sub-
area.

Model results for accumulated deposition show a kewr difference between

predictions of accumulated deposition on the seaftd the main shipping channel
and all other sub-areas. In the shipping chanregipsition values are much higher
and few areas are untouched. 90%-deposition valites the main shipping channel

in various sections range from 21 mm (sub-area p-Channel) to 55 mm (sub-

areas #1,2—Port Chalmers and Cross Channel). Tingls@redicted deposition values
on the channel floor don't include subsequent mesuision by tidal currents and/or
wind waves, so are somewhat unrealistic. They ootihe model when sediments
settle out in more quiescent periods of the ebflood tide slack periods, but in the
model they remain fixed to the bed thereafter.ricice, these sediments will be re-
mobilised frequently by stronger tidal currentstilleventually a proportion is flushed

through the main channel system and some expavtate some material re-settles in
areas of the channel and consolidates into thécfabsands on the channel floor.

As listed in Table 7.6, other Harbour sub-areas (Sg. 7.3 or 7.14) which would
exhibit 99%-deposition levels of up to 10 mm or emduring the dredging programme
(i.e., level exceeded in only 1% of model cellspud be:

e Sub-area #18—Goat Channel: the reach of Victorian@él to Kilgours Point
(99% of model cells would have accumulated depwsitiickness of less than
14 mm).
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e Sub-area #5—Portobello: sub-area covers Portoligdly but most of the
deposition would occur in the side channel off @uéine Point at the tip of
Portobello Peninsula (99% of model cells would haseumulated deposition
thickness of less than 10 mm).

* Sub-area #13-Harwood Inter-Tidal: this sub-areseowmuch of the eastern
section of the Lower Harbour from Te Rauone BeadHarwood, but most of
the higher sediment deposition would occur in theti@al intertidal banks and
shallows adjacent to sub-area #17-Tayler Intettidmd arise from a
Harington Bend discharge source (99% of model celisuld have
accumulated deposition thickness of less than 24. mm

e Sub-area #15-Port Inter-tidal, Sub-area #16—Pulliner-tidal and Sub-area
#17-Tayler Inter-tidal: these three sub-areas thake up the contiguous
central Lower Harbour sandbanks adjacent (port) sioehe main shipping
channel and would experience in 99% of model cattsumulated deposition
thicknesses of less than 82 mm, 15 mm, and 13 mspectively. The much
higher accumulated deposition for the Port inteitidbanks (from Port
Chalmers to Quarantine Island) would arise mostbmf dredging on the
eastern side of the Turning Basin (see Fig. 7.10).

e Sub-area #22-Pudding Inter-tidal: this sub-areaergd from Quarantine
Island to Grassy Point, but most of the depositwould occur in the
subsidiary channel from Quarantine Island to Lathizam from a Basin-east
discharge source (99% of model cells would have@umulated deposition
thickness of less than of 13 mm). See Figure 7atOdcations of highest
deposition.

Outside the main shipping channel, the highest amedieposition in any other sub-
area would occur for sub-area #15—Port Inter-tidéth half the model cells showing

accumulated deposition of 4 mm or more during trexlging programme, followed

by 3 mm or more for half the cells in sub-area #8at Channel. Otherwise, the
median deposition in all other sub-areas is smadiss than 1 mm during the dredging
programme.

Therate of deposition is also important in assessing fifects of any deposition on
benthic ecosystems. This requires an estimate eotithe to complete the dredging
claims that would affect the Harbour (excludingoation of the dredging claims in the
outer approach channel). To obtain an average dajbpsition rate over the dredging
season simply requires the values in Table 7.&tditided by the relevant number of
total dredging days. A lower-bound estimate usid® 800 m capacity TSHD is 111
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days for discharges likely to influence the Harbexcluding any downtime or around
140 days assuming a 20% down-time factor (see@e¢tB.3). If a smaller dredger is
used for part of the dredging programme, a longedging season would be needed.
However, in reality, each sub-area of the Harbollrlve more affected by a source
discharge in a particular section of the chanrgel Quarantine Island to Latham Bay
would be mainly affected by dredging from the eas@eurning Basin source, but not
much by the Harington Bend claims. In such casesdaily deposition rate would be
higher than the average when dredging occurs g gites that more directly affect a
particular sub-area of the Harbour. To derive tht@gler daily deposition rates, the
values in Table 7.6 can be divided by the combioéal of “sand” and “silt” dredging
days for the relevant discharge sources using thaf @sedging days listed in Table
7.3. There are other sub-areas though that woyddreence deposition from dredging
in several sections of the channel, particulargyititertidal banks in the central Lower
Harbour adjacent to the shipping channel. Thes&samwuld be affected by most of
the channel discharge sources modelled except Bash Again, the % dredging
days in Table 7.3 can be used to combine a totabeu of dredging days from the
relevant sources, and divided into the values ibl@&.6 to calculate daily rates.
Apart from the seabed of the main channels, thiy daposition rate in 99% of cells
in any Harbour sub-area would be less than 1 mm{kigjyest on the intertidal bank
opposite Port Chalmers), but mostly less than Oriiday. These rates would be lower
again for a longer dredging season.

Finally, the question of the long-term fate ofssiltithin the Harbour is a difficult one
to address with suspended-sediment modelling,\asuitd involve lengthy computer
simulations with a combination of wave, tide anti-tsansport models. However,
some general tendencies can be inferred from thengolmodelling results and our
understanding of silt transport in harbours. Rirsthe plume modelling shows that
only the main channel and the side channel betWerantine Island and Portobello
Peninsula would be subject to the highest initepakition thicknesses of greater than
5 kg/nf in 14-days (Fig. 7.9-7.13). These silts would é&earked regularly by tidal
currents, especially on spring tides, and spreaitihout the entire shipping channel,
preferentially settling in more quiescent sectiohthe channel system and also with a
sizeable proportion being exported out the Entrgaseshown by the 14-day plume
model simulations). For the exported silts, basedhe similar calculations as shown
in Table 7.6, sub-area #3 beyond the Mole (Fig.or.3.14) would experience in 99%
of model cells, accumulated deposition thicknessesess than 10 mm over the
dredging programme. However, given the wave clintatiside the Mole, these silts
are likely to be resuspended often and disperselyidvith some preferentially
settling in the naturally-occurring silt zone fugthoffshore (shown later in Figure
12.26).
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Inside the Harbour, on the shallower sub-tidal sraad intertidal banks, some of the
initially settled silts from the dredging operatiatil be more likely to be remobilized
by wind waves rather than currents, and then tateg elsewhere in suspension by
the current until settling again. Wave remobiliaatiof silts also depends on the
interim bed consolidation, cohesiveness and biatish. Assuming no cohesiveness,
medium silt-size sediments of 0.01 mm diameter,ld/oequire exceedance of a wave
orbital velocity threshold of 0.05 m/s (using Kong&aMiller, 1974 cited in Raudkivi
(1990; p 405). For a typical 3-second wave, andodarately high significant wave
height of 0.6 m (see simulations in Section 9.8 threshold would be exceeded in
depths less than about 7 m, which includes modghefHarbour outside the main
shipping channels, except a small part of the basifPortobello Bay (Fig. 3.7).
Consequently, during moderate to high waves, aWslable for reworking will be
winnowed from the seabed surface, especially gfbegd shallow areas and intertidal
flats where wave orbital velocities can be highltsSoriginating from dredging
operations inside the Harbour in the long-term wdo#¢ dispersed further and more
thinly throughout the Harbour, eventually findingeir way into the main channel
system to be exported to the ocean or prefergngalitle “permanently” in quiescent
areas where wave activity and currents are lowporalic e.g., the Dunedin basin,
behind the railway embankments, sheltered sub-&ddayments, the lee of groynes
or half-tide training walls and in the upper-tideter-tidal beaches of sheltered
embayments. In the Upper Harbour, a guide to whidtsecould preferentially settle in
the long term are those areas that already shawdominance of silt material in sea-
bed samples, as measured by Grove & Probert (1999).

7.6 Summary of Harbour sediment-plume modelling results

We have put together a complex set of sediment @lsimulations that are cognizant
of realistic dredging operations such as sourcefischarge (bottom disturbances and
overflows via a pipe underneath the dredger) anaildd estimates of the volumes for
dredging claims of predominantly “sands” and “Silidong the channel and using a
mid-size Trailing Suction Hopper Dredger (TSHD)16f800 m hopper capacity.

Where possible, model parameters or set-ups haed en the conservative side to
provide more confidence in using the results faseasing environmental impacts,
given field calibration of the plume model in Otablarbour is not possible for a
particular TSHD. Some examples of decisions madekdéep the modelling

conservative are:

a) incorporating a sizeable 4-minute overflow di&ége of 1000 kg/s when dredging
predominantly-silt claims, whereas in reality, pungpwould cease just prior to
overflows occurring;
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b) discharge rates of sediment have been set dtigher end of the range of values
for which field measurements are available e.g.|ACIR000) and we have
assumed a hopper capacity at the higher end oflssizeéd TSHD that is likely to
be appropriate for the Otago Harbour situation;

¢) suspended-sediment concentration results fraamptime modelling have been
presented in terms of saturated-weight of sedingexther than the normal dry-
weight per volume), which means realistically tistual SSC may only be 70-80%
of the SSC values presented in this report;

d) the overflow depth was set to only 1 m below seface for half the dredging
period to accommodate a smaller dredger workintgherclaim on the eastern side
of the Turning Basin—otherwise the overflow was tgeb m below the surface.
Overflows from different mid-size TSHDs can disafeafrom between 5 and 9 m
below the surface;

e) the full range of tides (spring/neap) have b@pmwlated in 14-day runs, along with
a typical sequence of winds (although sensitivétsting showed winds are only a
minor factor);

f) for expediency, the dredging claims from vari@estions of the channel were all
lumped together into only 5 discharge sites. Thiscentration of the discharges
from one point for a 14-day simulation will produpesults that are somewhat
larger than in reality, particularly for depositiontside the channel. A constantly-
moving discharge will tend to spread out the ddpdssediments more than a fixed
discharge site;

g) no resuspension of settled sediments was indludéhe model simulations, which
will be conservative for seabed deposition, butnabilised silts, could contribute
further to_backgrounduspended-sediment concentrations, especiallpglactive
wind-wave periods or strong spring tidal flows.

Averages and statistics of suspended-sediment ntatens (SSC) were obtained
from 14-day simulations for each of five “lumpedfischarge locations with two
different sources of both predominantly “silt” maad and predominantly “sand”
material (with a small 2% silt content). Suspendediment concentrations from the
MIKE-21 PA plume model are averaged over the emepth of the water column at
the time of calculation. However, because the sedimare discharged at depth and
they preferentially settle downwards (even thougdre will be some upwards vertical
dispersion), the SSC will be distributed uneveiigough the water column, skewed
towards much higher-than-average SSC near the deaimpared to a lower-than-
average SSC at the water surface. This skewedbdistn also occurs naturally with
tidal current or wave stirring of bottom sedimentere the SSC is far greater just
above the seabed than at the surface—more so #pedthe water column and the
larger the sediment grain size.
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Key results from the SSC simulations show:

e The dredger discharges in the Turning Basin woaldehthe most influence
on elevating average SSC above background levelseitUpper Harbour, in
contrast to dredging at Harington Bend and beyaidch would have little
influence on SSC in the Upper Harbour beyond GodtQ@uarantine Islands.

* The highest depth-average SSC values (e.g., over m@/L with some
patches up around 1000 mg/L) would occur in thennsdipping channel,
subsidiary side channels e.g., channel north ofrétime Island through to
Portobello Peninsula, and on the intertidal bardjacent to these channels
e.g., the mid-harbour intertidal banks from disgearat Harington Bend.

« Discharges from predominantly-silt claims generalyw a wider spread of
affected areas onto intertidal flats and side chbnthan discharges of silt-
sized material from predominantly-sand areas. Tdifference is relate
directly to the magnitude of the discharge or fhisilt-sized material, which
was set to 1000 kg/s for “silt” claims comparedstbkg/s for “sand” claims,
even though the latter discharge would run for miaciger. However, there
wouldn’t be widespread dispersion of these findrsézed sediments over
large tracts of the Harbour, as the channel tittehsns dominate the transport
of suspended sediments rather than dispersiontipgeprocesses. Also there
would be only limited opportunities around the maorégescent period either
side of high tide when diluted plumes from the dwesv sources - that
discharge most of the time at 5 m below the surfageept at Turning Basin -
east) - can spread out further over adjacent ideéror shallow sub-tidal
areas.

* While there is only a short distance separatingtthee Turning Basin source
locations (east and west sides), there would babatantial divergence in
areas affected by suspended-sediment plumes duéhetostrong flow
divergence at Quarantine Island. From the “westirs® location, discharge
plumes would be transported up the Victoria Chapagiway into the Upper
Harbour while plumes from the “east” source logatreould be preferentially
transported and dispersed to areas around thebedad?eninsula and into
the Latham Bay area of the Upper Harbour. The wigeead of average SSC
from the east-side Basin discharge is also a fonaif the overflow discharge
being set to only 1 m below the surface for thetfinalf of the 14-day
simulation.
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* Most of the eastern side of the Lower Harbour froen Rauone Beach to
Harwood would be largely unaffected by dischargarses other than the
Harington Bend discharge location, and then onlyatcthes.

¢ The eastern side of the Upper Harbour from GrassgtRo Dunedin would
be also largely unaffected by sediment dischargecss.

* 14-day average SSC will be low in the plume thaaeates from the Mole to
Taiaroa Head channel section for dredging claimthé&Turning Basin, but
will gradually increase up to a depth-average S$QQaH-200 mg/L for
discharge sources at Harington Bend. These av&&@elevels offshore from
the Mole would reduce somewhat as the dredger witrksHowlett claim
(between Harington Point and the Mole) and furthestuce in the Outer
Channel claim as the silt content of the sandy egatediments reduces
considerably to virtually nil.

Key results for predicted sediment deposition caet4-day spring/neap tide cycle
show:

+ deposition at or above 5 kglror approximately 3.8 mm over a fortnightly
period is largely confined to the channels: a) ittredn shipping channel (all
dredger discharge sources); b) the subsidiary @latm the east from
Quarantine Island; c) around Goat Island and upovie Channel to opposite
St. Leonards for a discharge source on the westddithe Turning Basin; and
d) some of the flanking intertidal flats to thesmcnels;

e discharges from predominantly-silt claims would smuhigher deposition
thicknesses (and daily deposition rates) than fpoedominantly-sand claims,
even though the overflows would occur much londgg (ninutes) for the
latter. The much smaller but longer overflow diggeaof silty material when
dredging “sandy” sites, allows the silt-sized mialleio disperse more widely
causing lower local deposition rates. This reshlbves that any measures
targeted at reducing overflows to a minimum wheadding predominantly-
silt areas of the channel would substantially redeavironmental effects
arising from deposition of fine sediments;

* the Upper Harbour would have virtually no disceteabeabed deposition
arising from dredger discharge sources seawardadghgton Bend,;
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* most of the eastern parts of the Lower and Uppebdéilas would be subject
to little or no deposition, apart from the reacbnfr Latham Bay to Yellow
Head (west of Portobello Peninsula) for discharfges the eastern side of
the Turning Basin, Taylers Bend and through toG@hess-channel reach, and
in the subsidiary channel from Te Rauone Beach hin€u Point from
Harington Bend discharge sources.

Key results for predicted sediment deposition acdated over the entire dredging
programme (assuming no subsequent resuspensiettlefissilts):

» silt deposition shows a marked difference betwéenpredicted deposition in
the main shipping channel and all other Harbouraelas, with deposition
values much higher and few areas untouched wittérmain channel. These
high predicted deposition values exclude subseqresaispension by tidal
currents and/or wind waves, so are mostly unrealithey occur in the
plume dispersion model when sediments settle ownteally in more
quiescent periods of the ebb or flood tide slackops, and remain fixed to
the bed in the simulations. In practice, thesermsedts will be re-mobilised
frequently by stronger tidal currents, until eveiityr a proportion is flushed
through the main channel system and some exporate some material re-
settles in areas of the channel and consolidateghe fabric of sands on the
channel floor;

* considering all other Harbour sub-areas (outsidentiain shipping channel),
based on accumulated deposition thicknesses winecimat exceeded within
99% of model cells in each sub-area, there are @fdyv sub-areas where this
exceeds a threshold of 10 mm deposition over tedging programme. These
sub-areas would be: a) the reach of Victoria ChiatcnKilgours Point (99%
of cells would be below 14 mm deposition over thedding programme); b)
the side channel off Quarantine Point at the tifPoftobello Peninsula (99%
of cells would be below 10 mm); c) the southerresifl the central intertidal
bank and adjacent shallows that separate the sigipgfiannel from the side
channel through Ohinetu Point, which would arisinprily from discharge
sources in the Harington Bend and The Spit are8%o(6f cells would be
below 24 mm); d) the sequence of central intertld@hks adjacent to the
shipping channel, which would receive the mostasitumulation outside the
shipping channel, with the highest occurring on shaedbank opposite Port
Chalmers (99% of cells would be below 82 mm depmsitarising mostly
from dredging of the eastern side of the TurningiBae) the subsidiary
channel from Quarantine Island through to Lathamg, Bgain from dredging
the eastern side of the Turning Basin (99% of aetlald be below 13 mm);

Port of Otago Dredging Project: Harbour and Offehidiodelling 134



—NIWA_—

Taihoro Nukurangi

» considering medians (i.e., half the cells in a atdm) for potential deposition
outside the main shipping channel , the highestiamegdeposition in any sub-
area of the Harbour would occur on the intertidahdbank opposite Port
Chalmers, with half the model cells in this subsasbowing a total deposition
of nearly 4 mm or more. In most other sub-areasidetthe main channels,
the median deposition is small at less than 1 mrer ahe dredging
programme.

Rate of depositior-Therate of deposition is also important in assessing ffects of
any deposition on benthic ecosystems. This requamesestimate of the time to
complete the dredging claims that would affect legbour (excluding a portion of
the dredging claims in the outer approach chanriad).obtain an average daily
deposition rate over the dredging season simplyires| the values in Table 7.6 to be
divided by the relevant number of total dredgingsdaA lower-bound estimate using a
10,800 M capacity TSHD is 111 days for discharges likelyrtituence the Harbour
excluding any downtime or around 140 days assuri2§% down-time factor (see
Section 7.3.3). If a smaller dredger is used fait p& the dredging programme, a
longer dredging season would be needed. Howevedlity, each sub-area of the
Harbour will be more affected by a source discharge particular section of the
channel e.g., Quarantine Island to Latham Bay woeldnainly affected by dredging
from the eastern Turning Basin source, but not niyctne Harington Bend claims. In
such cases, the daily deposition rate would beehnigtan the average when dredging
occurs at claim sites that more directly affeciagtipular sub-area of the Harbour. To
derive these higher daily deposition rates, theleslin Table 7.6 can be divided by
the combined total of “sand” and “silt” dredgingydafor the relevant discharge
sources using the % of dredging days listed in @abB. There are other sub-areas
though that would experience deposition from dnedgin several sections of the
channel, particularly the intertidal banks in tlentral Lower Harbour adjacent to the
shipping channel. These banks would be affectedthbgt of the channel discharge
sources modelled except Basin-west. Again, the édging days in Table 7.3 can be
used to combine a total number of dredging daysftbe relevant sources, and
divided into the values in Table 7.6 to calculagédydrates. Apart from the seabed of
the main channels, the daily deposition rate in 99%ells in any Harbour sub-area
would be less than 1 mm/day (highest on the iml@rtbank opposite Port Chalmers),
but mostly less than 0.1 mm/day.

Deposition relative to the dredging operatieridue to the differing capacities of
dredging vessels, the contracted operator would tkleast 120 days (excluding
downtime) to complete the dredging for the 15-m Wbdar channel. However,
accumulated deposition is governed predominantiythgy volumes of the dredging
claims in different sections of the channel, whinoteans the total deposition
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thicknesses wouldn’'t change much for longer dregigirogrammes. However, daily
rates of deposition would change depending on #pmdty of the dredger that is
contracted, with longer dredging periods simplyusdg the rates of deposition
proportionately. On the other hand, a longer dmgigprogramme means the
environment is disturbed for longer, albeit at\ado level of daily impact. Minimising

the time when hopper overflows occur for dredgirmgdominantly-silt claims (4

minutes allowed for in the modelling) would subsikty reduce accumulated
deposition thicknesses and deposition rates.

Long-term fate of silts in the HarbewiFinally, the question of the long-term fate of
silts within the Harbour is a difficult one to adds with suspended-sediment
modelling, as it would involve lengthy computer alations with a combination of
wave, tide and silt-transport models. However, sageseral tendencies can be
inferred from the plume modelling results and ooderstanding of silt transport in
harbours. Firstly, the plume modelling shows thay dahe main channel and the side
channel between Quarantine Island and PortobelinB@la would be subject to the
highest initial deposition thicknesses of greatemt5 kg/m in 14-days (Fig. 7.9—
7.13). These silts would be reworked regularly ibgltcurrents, especially on spring
tides, and spread throughout the entire shippirgnicél, preferentially settling in
more quiescent sections of the channel system kmadvédth a sizeable proportion
being exported out the Entrance (as shown by thday4plume model simulations).
For the exported silts, based on the similar catcads as shown in Table 7.6, sub-
area #3 beyond the Mole (Fig. 7.3 or 7.14) wouldegtence in 99% of model cells,
accumulated deposition thicknesses of less thamrh@ver the dredging programme.
However, given the wave climate outside the Moleese silts are likely to be
resuspended often and disperse widely, with sonsdegantially settling in the
naturally-occurring silt zone further offshore (sholater in Figure 12.26).

Inside the Harbour, on the shallower sub-tidal ®raad intertidal banks, some of the
initially settled silts from the dredging operatiaill be more likely to be remobilized
by wind waves rather than currents, and then tameg elsewhere in suspension by
the current until settling again. Wave remobiliaatiof silts also depends on the
interim bed consolidation, cohesiveness and biatioh. Assuming no cohesiveness,
medium silt-size sediments of 0.01 mm diameter,ld/oequire exceedance of a wave
orbital velocity threshold of 0.05 m/s (using Kong&aMiller, 1974 cited in Raudkivi
1990; p 405). For a typical 3-second wave, and deragely high significant wave
height of 0.6 m (see simulations in Section 9.8 threshold would be exceeded in
depths less than about 7 m, which includes modghefHarbour outside the main
shipping channels, except a small part of the basifortobello Bay (Fig. 3.7).
Consequently, during moderate to high waves, altglable for reworking will be
winnowed from the seabed surface, especially gfbegd shallow areas and intertidal
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flats where wave orbital velocities can be highltsSoriginating from dredging
operations inside the Harbour in the long-term oo dispersed further and more
thinly throughout the Harbour, eventually findingeir way into the main channel
system to be exported to the ocean or prefergnseltle “permanently” in quiescent
areas where wave activity and currents are lowporalic e.g., the Dunedin basin,
behind the railway embankments, sheltered sub-&dd@ayments, the lee of groynes
or half-tide training walls and in the upper-tideter-tidal beaches of sheltered
embayments. In the Upper Harbour, a guide to whiteecould preferentially settle in
the long term are those areas that already shawdominance of silt material in sea-
bed samples, as measured by Grove & Probert (1999).
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Table 7.4: % of the time(14-day period) that the depth-averaged suspesééithent concentration (SSC) on a saturated setiweght basis would
occur in different brackets from zero to >400 mghove background concentrations, for the 5 diffesenrce-discharge areas and split into
the sub-areas of the Harbour (Fig. 7.3). Note:isgalSSC in terms of dry-weight per volume woulg &#bout 70-80% of these predicted

values.
Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Basin—west sand 1-Port Channel 39.5 6.3 9.0 3.6 4.3 11.7 9.6 8.7 4.8 2.5
Basin—west silt 1-Port Channel 27.9 25.4 6.0 5.6 6.4 6.4 4.2 6.4 6.6 5.2
Basin—west sand 2-Cross Channel 41.6 8.2 11.1 4.7 5.9 15.1 9.5 35 0.3 0.0
Basin—-west silt 2-Cross Channel 30.4 26.7 8.0 6.5 6.0 5.7 3.9 6.7 4.9 1.2
Basin—west sand 3-Exported 99.6 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west silt 3—Exported 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 4—Harington Channel 62.6 5.4 8.1 4.1 5.5 10.1 3.7 0.5 0.0 0.0
Basin—west silt 4—Harington Channel 49.3 27.9 6.3 4.1 3.4 2.7 2.0 3.2 11 0.1
Basin—west sand 5-Portobello 99.5 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.0
Basin—west silt 5—Portobello 98.4 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand  6-Spit Channel 87.9 2.8 3.2 15 1.6 2.3 0.5 0.1 0.0 0.0
Basin—west silt 6—Spit Channel 79.4 17.1 1.6 0.8 0.3 0.3 0.2 0.3 0.0 0.0
Basin—west sand 7-Deborah Bay 88.7 0.7 1.4 1.1 1.1 1.2 1.3 2.1 15 0.8
Basin—west silt 7-Deborah Bay 77.1 18.1 0.6 0.4 0.8 1.6 0.6 0.2 0.2 0.6
Basin—west sand  8-Spit Inter Tidal 99.0 0.1 0.2 0.0 0.0 0.1 0.2 0.2 0.2 0.0
Basin—west silt 8-Spit Inter Tidal 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 9-Te Rauone Beach 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west silt 9-Te Rauone Beach 99.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 10-Aramoana 99.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.0
Basin—-west silt 10-Aramoana 98.6 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 11-Dowling Bay 95.9 0.4 0.8 0.5 0.4 0.5 0.5 0.5 0.3 0.2
Basin—west silt 11-Dowling Bay 90.9 8.4 0.1 0.1 0.1 0.3 0.1 0.0 0.0 0.1
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods

0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400
Basin—west sand 12-Hamilton Bay 93.3 0.3 0.6 0.5 0.5 0.7 0.8 1.7 1.3 0.3
Basin—west silt 12—Hamilton Bay 92.0 7.5 0.1 0.0 0.1 0.2 0.1 0.0 0.0 0.1
Basin—-west sand 13-Harwood Inter Tidal 99.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—-west silt 13-Harwood Inter Tidal 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 14-Dunedin Bays 91.0 0.8 1.3 0.8 0.7 0.8 1.0 1.6 1.3 0.7
Basin—west silt 14-Dunedin Bays 81.0 15.7 0.3 0.2 0.4 1.0 0.5 0.2 0.2 0.5
Basin—west sand 15-Port Inter Tidal 96.8 0.2 0.4 0.2 0.2 0.3 0.3 0.5 0.6 0.5
Basin—west silt 15—Port Inter Tidal 93.3 6.3 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Basin—west sand 16—Pulling Inter Tidal 98.1 0.2 0.3 0.1 0.1 0.2 0.2 0.2 0.2 0.3
Basin—west silt 16—Pulling Inter Tidal 96.8 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 17-Tayler Inter Tidal 99.7 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1
Basin—west silt 17-Tayler Inter Tidal 99.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—-west sand 18-Goat Channel 28.1 5.4 9.6 5.6 6.7 154 15.2 10.8 2.8 0.4
Basin—-west silt 18—Goat Channel 13.3 15.2 4.7 5.7 9.7 13.9 8.5 8.2 12.2 8.6
Basin—west sand 19-Dunedin Channel 80.7 4.0 4.1 1.5 1.6 4.0 2.7 1.0 0.4 0.0
Basin—west silt 19-Dunedin Channel 59.4 27.3 2.6 3.0 25 1.9 0.8 0.7 1.2 0.6
Basin—west sand 20-Goat Inter Tidal 97.6 0.2 0.3 0.2 0.2 0.2 0.1 0.3 0.5 0.5
Basin—west silt 20-Goat Inter Tidal 92.8 6.8 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1
Basin—-west sand 21-Dunedin Inter Tidal 93.0 0.2 0.5 0.5 0.6 0.6 0.4 1.0 15 1.6
Basin—-west silt 21-Dunedin Inter Tidal 83.2 14.2 0.4 0.1 0.2 0.6 0.5 0.3 0.1 0.4
Basin—west sand 22-Pudding Inter Tidal 99.3 0.1 0.2 0.1 0.1 0.1 0.0 0.2 0.1 0.0
Basin—west silt 22—Pudding Inter Tidal 97.2 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 23-Challis Inter Tidal 99.0 0.0 0.1 0.1 0.1 0.1 0.2 0.3 0.1 0.0
Basin—west silt 23—Challis Inter Tidal 94.1 5.6 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Basin—west sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west silt 24—-Dunedin Embayment 99.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 25-Sawyers Bay 95.6 0.2 0.5 0.3 0.4 0.4 0.4 0.8 0.9 0.5
Basin—west silt 25-Sawyers Bay 87.0 114 0.1 0.1 0.1 0.5 0.3 0.1 0.1 0.3
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Basin—west sand 26-Eastern Channel 96.0 0.4 0.8 0.4 0.4 0.4 0.6 0.8 0.3 0.0
Basin—west silt 26—Eastern Channel 89.2 9.8 0.1 0.1 0.2 0.3 0.1 0.0 0.0 0.1
Basin—-west sand 27-Hamilton Inter Tidal 99.5 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1
Basin—-west silt 27-Hamilton Inter Tidal 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 1-Port Channel 54.6 8.5 5.2 2.0 2.7 6.5 5.7 5.9 4.8 4.0
Basin—east silt 1-Port Channel 447 30.4 4.5 2.2 2.1 2.6 2.0 2.8 3.2 5.5
Basin—east sand 2-Cross Channel 53.4 12.5 8.5 3.2 4.0 10.5 5.7 2.0 0.3 0.0
Basin—east silt 2—Cross Channel 40.1 324 7.2 4.5 3.7 3.1 25 35 25 0.7
Basin—east sand 3-Exported 98.8 0.4 0.4 0.1 0.1 0.2 0.0 0.0 0.0 0.0
Basin—east silt 3—Exported 98.2 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 4—Harington Channel 66.6 9.2 8.0 3.5 4.7 6.8 1.2 0.1 0.0 0.0
Basin—east silt 4—Harington Channel 53.4 29.7 6.6 3.2 1.8 1.8 1.3 1.8 0.3 0.0
Basin—east sand 5-—Portobello 87.0 0.5 1.1 1.0 11 1.6 2.6 2.9 1.7 0.5
Basin—east silt 5—Portobello 78.8 16.9 0.3 0.3 0.7 1.0 0.5 0.3 0.3 0.9
Basin—east sand  6-Spit Channel 84.7 4.2 3.9 15 2.1 3.1 0.4 0.0 0.0 0.0
Basin—east silt 6—Spit Channel 78.1 18.3 1.9 0.6 0.3 0.3 0.2 0.2 0.0 0.0
Basin—east sand 7-Deborah Bay 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 7-Deborah Bay 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand  8-Spit Inter Tidal 99.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 8—Spit Inter Tidal 99.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 9-Te Rauone Beach 99.5 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.0 0.0
Basin—east silt 9-Te Rauone Beach 99.1 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 10-Aramoana 99.5 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0
Basin—east silt 10-Aramoana 99.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 11-Dowling Bay 99.3 0.1 0.1 0.1 0.1 0.0 0.2 0.1 0.1 0.0
Basin—east silt 11-Dowling Bay 98.6 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 12-Hamilton Bay 99.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 12—Hamilton Bay 90.1 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods

0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400
Basin—east sand 13-Harwood Inter Tidal 99.1 0.1 0.2 0.1 0.1 0.2 0.0 0.1 0.1 0.0
Basin—east silt 13—-Harwood Inter Tidal 98.4 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 14-Dunedin Bays 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 14-Dunedin Bays 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 15-Port Inter Tidal 50.3 0.6 1.4 1.3 2.1 3.4 29 5.0 9.2 23.9
Basin—east silt 15—-Port Inter Tidal 37.3 24.3 2.1 1.2 1.3 4.0 5.4 5.8 4.1 14.4
Basin—east sand 16—Pulling Inter Tidal 92.1 0.5 1.1 0.7 0.6 0.7 0.8 1.1 1.3 1.0
Basin—east silt 16—Pulling Inter Tidal 84.0 13.7 0.4 0.2 0.2 0.5 0.4 0.2 0.1 0.3
Basin—east sand 17-Tayler Inter Tidal 97.0 0.2 0.5 0.3 0.3 0.2 0.2 0.4 0.4 0.4
Basin—east silt 17-Tayler Inter Tidal 94.6 5.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Basin—east sand 18-Goat Channel 86.3 4.4 3.4 1.0 1.1 1.8 1.1 0.6 0.3 0.0
Basin—east silt 18-Goat Channel 71.7 23.2 15 1.2 0.8 0.6 0.3 0.3 0.3 0.2
Basin—east sand 19-Dunedin Channel 99.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 19-Dunedin Channel 98.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 20-Goat Inter Tidal 91.3 0.3 0.8 0.7 0.8 0.8 0.5 1.2 1.8 1.9
Basin—east silt 20-Goat Inter Tidal 81.9 15.0 0.4 0.2 0.2 0.7 0.6 0.3 0.1 0.5
Basin—east sand 21-Dunedin Inter Tidal 99.4 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.1
Basin—east silt 21-Dunedin Inter Tidal 98.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 22-Pudding Inter Tidal 81.5 0.5 1.1 1.1 1.3 1.6 1.6 4.8 4.2 2.3
Basin—east silt 22—Pudding Inter Tidal 70.3 21.2 0.4 0.3 0.6 2.3 1.3 0.8 0.5 2.4
Basin—east sand 23—Challis Inter Tidal 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 23—Challis Inter Tidal 99.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand  24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 24—-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 25-Sawyers Bay 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt 25-Sawyers Bay 99.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 26-Eastern Channel 98.7 0.2 0.4 0.1 0.1 0.1 0.1 0.2 0.1 0.0
Basin—east silt 26—Eastern Channel 95.9 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Basin—east sand 27-Hamilton Inter Tidal 92.8 0.2 0.4 0.4 0.5 0.6 0.5 15 1.9 11
Basin—east silt 27—-Hamilton Inter Tidal 84.4 13.3 0.2 0.1 0.1 0.7 0.5 0.2 0.1 0.4
Taylers Bend sand 1-Port Channel 50.1 8.9 7.9 3.0 4.4 10.2 7.5 5.4 2.1 0.3
Taylers Bend silt 1-Port Channel 35.3 28.7 6.3 4.4 3.9 45 3.4 4.8 45 4.1
Taylers Bend sand 2-Cross Channel 35.0 13.8 10.4 3.5 4.8 12.4 8.0 6.3 35 2.3
Taylers Bend silt 2—Cross Channel 19.7 25.0 10.4 8.5 6.9 6.2 45 6.9 6.5 5.4
Taylers Bend sand 3-Exported 92.5 1.3 2.0 0.9 1.1 1.6 0.5 0.0 0.0 0.0
Taylers Bend silt 3—Exported 87.8 11.0 0.4 0.2 0.1 0.1 0.1 0.1 0.0 0.0
Taylers Bend sand 4-Harington Channel 42.8 10.8 9.0 3.2 5.0 12.7 8.4 4.8 1.9 1.4
Taylers Bend silt 4—Harington Channel 29.4 28.0 8.6 7.0 5.5 4.7 3.9 6.8 4.0 2.2
Taylers Bend sand 5-Portobello 94.3 0.3 0.7 0.6 0.6 0.7 1.1 1.1 0.5 0.1
Taylers Bend silt 5—Portobello 87.2 11.2 0.2 0.1 0.3 0.4 0.1 0.1 0.1 0.2
Taylers Bend sand  6-Spit Channel 63.6 7.0 6.9 3.0 4.5 9.7 4.3 1.0 0.0 0.0
Taylers Bend silt 6—Spit Channel 50.0 28.5 4.8 4.0 2.9 2.6 2.2 3.4 15 0.2
Taylers Bend sand 7-Deborah Bay 99.6 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1
Taylers Bend silt 7-Deborah Bay 97.5 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand  8-Spit Inter Tidal 90.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0.0 0.0
Taylers Bend silt 8-Spit Inter Tidal 97.6 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 9-Te Rauone Beach 98.7 0.3 0.4 0.1 0.1 0.1 0.1 0.2 0.1 0.0
Taylers Bend silt 9-Te Rauone Beach 95.4 4.4 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Taylers Bend sand 10-Aramoana 99.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt 10-Aramoana 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 11-Dowling Bay 99.4 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0
Taylers Bend silt 11-Dowling Bay 96.1 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 12-Hamilton Bay 99.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2
Taylers Bend silt 12—Hamilton Bay 97.3 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 13-Harwood Inter Tidal 98.6 0.1 0.2 0.1 0.1 0.3 0.3 0.2 0.1 0.0
Taylers Bend silt 13-Harwood Inter Tidal 97.6 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Taylers Bend sand 14-Dunedin Bays 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt 14-Dunedin Bays 99.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 15-Port Inter Tidal 74.4 0.6 1.6 15 2.0 25 1.9 3.5 5.8 6.0
Taylers Bend silt 15—Port Inter Tidal 57.5 25.2 1.8 0.9 0.9 3.1 3.2 2.3 1.0 4.1
Taylers Bend sand 16—Pulling Inter Tidal 86.4 0.5 1.3 1.1 1.3 1.4 1.3 2.2 2.6 1.8
Taylers Bend silt 16—Pulling Inter Tidal 69.6 21.7 1.1 0.5 0.6 1.6 1.7 1.0 0.5 1.9
Taylers Bend sand 17-Tayler Inter Tidal 93.8 0.4 0.9 0.6 0.6 0.5 0.5 0.9 1.0 0.8
Taylers Bend silt 17-Tayler Inter Tidal 85.5 12.7 0.4 0.1 0.2 0.5 0.3 0.1 0.0 0.2
Taylers Bend sand 18-Goat Channel 78.5 5.3 4.8 2.0 2.1 3.6 2.3 1.1 0.3 0.0
Taylers Bend silt 18-Goat Channel 57.1 29.6 3.3 29 2.2 1.9 0.9 0.8 0.8 0.6
Taylers Bend sand 19-Dunedin Channel 90.1 0.5 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Taylers Bend silt 19-Dunedin Channel 96.2 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 20-Goat Inter Tidal 89.7 0.4 0.7 0.6 0.8 0.9 0.6 1.6 2.4 2.3
Taylers Bend silt 20-Goat Inter Tidal 81.4 15.3 0.4 0.2 0.2 0.8 0.6 0.3 0.1 0.5
Taylers Bend sand 21-Dunedin Inter Tidal 99.2 0.0 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.1
Taylers Bend silt 21-Dunedin Inter Tidal 97.4 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 22-Pudding Inter Tidal 96.1 0.3 0.6 0.4 0.3 0.3 0.4 0.9 0.6 0.1
Taylers Bend silt 22—Pudding Inter Tidal 87.5 111 0.2 0.1 0.2 0.5 0.1 0.0 0.0 0.2
Taylers Bend sand 23—Challis Inter Tidal 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt 23—Challis Inter Tidal 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt 24—-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 25-Sawyers Bay 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt 25-Sawyers Bay 99.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 26-Eastern Channel 97.4 0.4 0.6 0.2 0.2 0.2 0.5 0.5 0.1 0.0
Taylers Bend silt 26—Eastern Channel 92.1 7.4 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.1
Taylers Bend sand 27-Hamilton Inter Tidal 92.7 0.2 0.5 0.5 0.5 0.6 0.5 15 2.0 1.1
Taylers Bend silt 27—-Hamilton Inter Tidal 78.6 171 0.5 0.2 0.2 1.4 1.0 0.3 0.1 0.6
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Cross-channel sand 1-Port Channel 64.1 12.1 7.8 2.7 3.1 5.7 2.9 1.3 0.3 0.0
Cross-channel silt 1-Port Channel 51.0 31.7 5.6 3.3 25 2.0 1.1 1.4 1.0 0.6
Cross-channel sand 2-Cross Channel 35.9 15.7 11.9 3.7 4.6 11.3 7.8 6.5 2.4 0.2
Cross-channel silt 2—Cross Channel 24.8 295 10.8 6.4 5.0 4.9 3.7 5.8 5.2 3.9
Cross-channel sand 3-Exported 82.0 2.0 3.5 2.0 3.0 5.0 2.0 0.4 0.0 0.0
Cross-channel silt 3—Exported 76.0 19.0 1.3 0.9 0.6 0.7 0.5 0.6 0.3 0.1
Cross-channel sand 4-Harington Channel 35.8 13.6 114 3.4 4.6 115 9.5 6.5 25 11
Cross-channel silt 4—Harington Channel 26.6 28.4 9.3 6.3 5.0 4.6 3.6 6.2 5.7 4.2
Cross-channel sand 5-Portobello 97.4 0.1 0.3 0.2 0.2 0.3 0.4 0.6 0.3 0.1
Cross-channel silt 5—Portobello 95.3 4.5 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Cross-channel sand  6-Spit Channel 55.2 8.0 8.3 3.5 4.4 9.2 5.7 4.0 1.4 0.1
Cross-channel silt 6—Spit Channel 44.2 29.0 5.6 45 35 29 2.1 3.5 29 1.8
Cross-channel sand 7-Deborah Bay 99.5 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.0 0.0
Cross-channel silt 7-Deborah Bay 98.1 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand  8-Spit Inter Tidal 97.5 0.3 0.6 0.2 0.1 0.2 0.4 0.5 0.1 0.1
Cross-channel silt 8-Spit Inter Tidal 96.1 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 9-Te Rauone Beach 89.5 1.1 1.8 1.1 1.0 1.4 2.1 1.5 0.5 0.1
Cross-channel silt 9-Te Rauone Beach 84.6 13.3 0.3 0.2 0.4 0.5 0.2 0.1 0.1 0.2
Cross-channel sand 10-Aramoana 99.7 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Cross-channel silt 10—-Aramoana 99.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 11-Dowling Bay 90.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.0
Cross-channel silt 11-Dowling Bay 97.2 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 12-Hamilton Bay 99.5 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0
Cross-channel silt 12—Hamilton Bay 98.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 13-Harwood Inter Tidal 96.1 0.2 0.4 0.3 0.3 0.6 0.6 0.5 0.6 0.4
Cross-channel silt 13—-Harwood Inter Tidal 93.5 6.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1
Cross-channel sand 14-Dunedin Bays 99.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Cross-channel silt 14-Dunedin Bays 99.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Port of Otago Dredging Project: Harbour and Offghidiodelling 144



Taihoro Nukurangi

Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods

0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400
Cross-channel sand 15-Port Inter Tidal 88.8 0.5 1.2 0.8 1.0 1.2 0.9 1.9 2.1 1.5
Cross-channel silt 15—Port Inter Tidal 80.2 16.1 0.5 0.2 0.3 1.0 0.6 0.3 0.1 0.6
Cross-channel sand 16—Pulling Inter Tidal 69.2 0.8 2.1 1.7 25 3.9 2.8 4.0 5.9 7.0
Cross-channel silt 16—Pulling Inter Tidal 53.8 25.5 15 0.9 1.2 3.4 3.9 3.2 1.7 4.9
Cross-channel sand 17-Tayler Inter Tidal 72.6 0.9 2.0 1.7 2.3 3.0 2.1 3.8 5.6 6.0
Cross-channel silt 17-Tayler Inter Tidal 60.0 24.8 1.4 0.6 1.0 2.8 29 2.1 1.0 35
Cross-channel sand 18-Goat Channel 92.3 4.3 1.4 0.3 0.4 0.8 0.3 0.1 0.0 0.0
Cross-channel silt 18—-Goat Channel 85.7 13.4 0.4 0.2 0.1 0.1 0.0 0.0 0.0 0.0
Cross-channel sand 19-Dunedin Channel 99.3 0.4 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Cross-channel silt 19-Dunedin Channel 99.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 20-Goat Inter Tidal 99.2 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Cross-channel silt 20-Goat Inter Tidal 97.8 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 21-Dunedin Inter Tidal 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel silt 21-Dunedin Inter Tidal 99.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 22-Pudding Inter Tidal 98.9 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.0
Cross-channel silt 22—Pudding Inter Tidal 97.4 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 23-Challis Inter Tidal 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel silt 23—Challis Inter Tidal 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel silt 24—-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 25-Sawyers Bay 99.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Cross-channel silt 25-Sawyers Bay 99.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 26-Eastern Channel 99.3 0.1 0.1 0.0 0.0 0.1 0.2 0.1 0.0 0.0
Cross-channel silt 26—Eastern Channel 98.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 27-Hamilton Inter Tidal 76.6 0.6 1.2 1.2 1.6 1.9 1.4 4.5 6.2 4.7
Cross-channel silt 27—Hamilton Inter Tidal 59.7 24.6 1.0 0.4 0.7 4.0 3.6 1.7 0.7 35
Harington Bend sand 1-Port Channel 46.2 8.7 8.8 3.4 4.6 115 8.8 5.6 2.0 0.4
Harington Bend silt 1-Port Channel 35.4 28.7 6.0 4.6 4.9 5.0 3.5 4.8 4.4 2.8
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods
0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400

Harington Bend sand 2-Cross Channel 38.2 12.8 10.2 3.3 4.5 11.8 7.3 5.8 3.6 2.5
Harington Bend silt 2—Cross Channel 26.8 28.8 9.6 7.3 5.7 4.8 34 6.0 4.6 29
Harington Bend sand 3-Exported 94.7 1.1 15 0.7 0.8 1.0 0.2 0.0 0.0 0.0
Harington Bend silt 3—Exported 91.1 8.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Harington Bend sand 4—Harington Channel 50.6 11.6 9.2 3.9 6.0 11.9 5.4 15 0.1 0.0
Harington Bend silt 4—Harington Channel 39.1 30.8 8.0 5.2 4.1 3.6 2.8 4.4 1.7 0.2
Harington Bend sand 5—Portobello 96.2 0.3 0.6 0.4 0.4 0.5 0.7 0.6 0.2 0.0
Harington Bend silt 5—Portobello 91.1 8.2 0.1 0.1 0.2 0.2 0.0 0.0 0.0 0.1
Harington Bend sand 6-Spit Channel 68.6 7.2 7.1 34 4.3 7.2 2.1 0.1 0.0 0.0
Harington Bend silt 6—Spit Channel 57.5 27.9 4.6 29 2.0 1.7 1.2 1.7 0.5 0.0
Harington Bend sand 7-Deborah Bay 99.6 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend silt 7-Deborah Bay 98.1 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 8-Spit Inter Tidal 99.2 0.1 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0
Harington Bend silt 8—Spit Inter Tidal 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 9-Te Rauone Beach 99.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend silt 9-Te Rauone Beach 99.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 10-Aramoana 99.4 0.1 0.2 0.1 0.1 0.0 0.1 0.1 0.0 0.0
Harington Bend silt 10-Aramoana 98.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 11-Dowling Bay 99.4 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0
Harington Bend silt 11-Dowling Bay 97.2 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 12-Hamilton Bay 98.9 0.1 0.1 0.1 0.1 0.1 0.0 0.4 0.2 0.0
Harington Bend silt 12—Hamilton Bay 98.5 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 13-Harwood Inter Tidal 99.3 0.2 0.1 0.1 0.1 0.2 0.1 0.0 0.0 0.0
Harington Bend silt 13-Harwood Inter Tidal 98.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 14-Dunedin Bays 99.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend silt 14-Dunedin Bays 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 15-Port Inter Tidal 87.1 0.5 1.2 0.9 1.1 1.2 1.1 2.1 25 2.2
Harington Bend silt 15—-Port Inter Tidal 78.1 17.4 0.6 0.3 0.4 1.1 0.8 0.4 0.2 0.6
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Dredged site Type Harbour sub-area % time for each  suspended-sediment concentration range (mg/L) over 14-day periods

0 <1 1-5 5-10 10-20 20-50 50-100 100-200 200-400 >400
Harington Bend sand 16—Pulling Inter Tidal 94.8 0.4 0.9 0.4 0.4 0.4 0.6 0.7 0.7 0.6
Harington Bend silt 16—Pulling Inter Tidal 88.4 104 0.2 0.1 0.1 0.3 0.2 0.1 0.0 0.1
Harington Bend sand 17-Tayler Inter Tidal 98.5 0.1 0.3 0.1 0.1 0.1 0.2 0.3 0.2 0.1
Harington Bend silt 17-Tayler Inter Tidal 96.3 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 18-Goat Channel 62.8 7.8 6.8 2.9 3.5 6.9 5.0 3.0 1.1 0.2
Harington Bend silt 18-Goat Channel 43.0 31.6 4.4 4.2 3.8 4.1 2.5 2.3 2.4 1.7
Harington Bend sand 19-Dunedin Channel 98.5 0.8 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Harington Bend silt 19-Dunedin Channel 93.2 6.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 20-Goat Inter Tidal 81.2 0.5 1.2 1.1 15 1.8 1.1 2.6 4.3 4.7
Harington Bend silt 20-Goat Inter Tidal 69.2 21.8 1.0 0.5 0.6 2.1 1.8 1.0 0.4 1.7
Harington Bend sand 21-Dunedin Inter Tidal 97.6 0.1 0.2 0.1 0.2 0.2 0.1 0.4 0.5 0.5
Harington Bend silt 21-Dunedin Inter Tidal 94.0 5.7 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Harington Bend sand 22-Pudding Inter Tidal 93.0 0.4 0.7 0.6 0.5 0.6 0.8 2.1 1.2 0.2
Harington Bend silt 22—Pudding Inter Tidal 84.6 13.2 0.2 0.1 0.3 0.8 0.2 0.1 0.1 0.3
Harington Bend sand 23-Challis Inter Tidal 99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend silt 23—Challis Inter Tidal 99.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend silt 24—-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 25-Sawyers Bay 99.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Harington Bend silt 25-Sawyers Bay 99.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 26-—Eastern Channel 95.6 0.6 0.8 0.4 0.4 0.4 0.5 0.7 0.6 0.1
Harington Bend silt 26—Eastern Channel 86.1 12.3 0.2 0.1 0.4 0.5 0.1 0.1 0.1 0.2
Harington Bend sand 27-Hamilton Inter Tidal 97.9 0.1 0.2 0.2 0.2 0.2 0.1 0.5 0.5 0.2
Harington Bend silt 27—-Hamilton Inter Tidal 93.8 5.9 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1
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Table 7.5: % of the Harbour environment sub-atbat the seabed deposition is predicted to ogcdifierent brackets of thickness from zero to >% m

a 14-day period for the 5 different source-dischapas, with sub-areas shown in Figure 7.3. Assuveebulk density is 1300 kg/m

Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Basin—west sand 1-Port Channel 3.9 27.5 7.6 121 11.8 114 10.1 155
Basin—west silt  1-Port Channel 3.6 18.6 8.4 9.8 8.0 11.2 12.9 27.5
Basin—west sand 2-Cross Channel 0.0 34.0 7.8 16.0 14.4 14.1 12.6 11
Basin—-west silt 2—Cross Channel 0.0 26.3 7.0 11.2 10.1 12.4 16.3 16.7
Basin—west sand 3-Exported 72.6 27.3 0.1 0.1 0.0 0.0 0.0 0.0
Basin—west sit  3-Exported 80.6 19.3 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sand 4-Harington Channel 51 46.5 8.9 18.2 14.8 6.2 0.3 0.0
Basin—west sit  4—Harington Channel 4.4 39.0 6.6 11.6 10.9 151 11.7 0.7
Basin—west sand 5-Portobello 83.6 15.8 0.4 0.3 0.0 0.0 0.0 0.0
Basin—-west silt  5—Portobello 72.4 27.1 0.1 0.2 0.1 0.1 0.0 0.0
Basin—west sand 6-Spit Channel 12.6 71.5 8.4 6.5 0.9 0.0 0.0 0.0
Basin—west silt  6-Spit Channel 5.0 72.2 7.5 6.7 4.2 4.0 0.4 0.1
Basin—west sand 7-Deborah Bay 26.5 50.1 5.3 13.7 4.2 0.2 0.0 0.0
Basin—west sit  7-Deborah Bay 21.3 48.1 9.5 8.9 5.4 5.4 1.4 0.0
Basin—west sand 8-Spit Inter Tidal 84.2 151 0.5 0.2 0.0 0.0 0.0 0.0
Basin—west silt  8-Spit Inter Tidal 78.1 21.7 0.2 0.0 0.0 0.0 0.0 0.0
Basin—west sand 9-Te Rauone Beach 97.2 2.8 0.0 0.0 0.0 0.0 0.0 0.0
Basin—-west silt  9-Te Rauone Beach 86.9 13.1 0.0 0.0 0.0 0.0 0.0 0.0
Basin—-west sand 10-Aramoana 81.9 17.0 0.5 0.5 0.1 0.0 0.0 0.0
Basin—-west silt  10—-Aramoana 77.4 21.8 0.3 0.3 0.1 0.1 0.0 0.0
Basin—west sand 11-Dowling Bay 35.6 55.2 2.8 6.4 0.0 0.0 0.0 0.0
Basin—west sit  11-Dowling Bay 28.8 64.6 3.1 1.3 1.0 1.3 0.0 0.0
Basin—west sand 12-Hamilton Bay 37.2 52.6 5.7 4.5 0.0 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Basin—west sit  12—-Hamilton Bay 16.5 72.7 5.4 2.3 1.1 2.0 0.0 0.0
Basin—west sand 13-Harwood Inter Tidal 96.4 35 0.1 0.1 0.0 0.0 0.0 0.0
Basin—west silt  13-Harwood Inter Tidal 97.1 25 0.1 0.3 0.0 0.0 0.0 0.0
Basin—west sand 14-Dunedin Bays 35.5 49.0 6.1 7.2 2.2 0.1 0.0 0.0
Basin—west silt  14-Dunedin Bays 25.9 51.6 6.1 6.4 4.5 4.4 1.2 0.0
Basin—-west sand 15-Port Inter Tidal 28.3 65.8 3.1 2.8 0.0 0.0 0.0 0.0
Basin—west silt 15—Port Inter Tidal 55 87.7 2.8 1.3 1.5 1.2 0.0 0.0
Basin—west sand 16-Pulling Inter Tidal 32.1 65.6 1.3 0.9 0.1 0.0 0.0 0.0
Basin—west sit  16-Pulling Inter Tidal 9.4 88.7 0.6 0.6 0.5 0.3 0.0 0.0
Basin—west sand 17-Tayler Inter Tidal 76.7 23.1 0.1 0.2 0.0 0.0 0.0 0.0
Basin—west sit  17-Tayler Inter Tidal 69.7 30.1 0.1 0.0 0.1 0.1 0.0 0.0
Basin—-west sand 18-Goat Channel 0.1 8.5 5.1 16.1 23.8 25.1 18.0 3.3
Basin—-west silt  18-Goat Channel 0.1 2.4 3.5 6.3 7.6 16.9 34.4 28.9
Basin—-west sand 19-Dunedin Channel 24.9 51.0 8.1 11.3 4.1 0.6 0.0 0.0
Basin—west silt 19-Dunedin Channel 14.6 49.9 8.1 9.3 7.4 6.9 3.8 0.1
Basin—west sand 20-Goat Inter Tidal 22.3 72.2 3.1 2.2 0.2 0.0 0.0 0.0
Basin—west silt 20-Goat Inter Tidal 4.0 84.7 5.2 2.6 2.0 1.4 0.2 0.0
Basin—west sand 21-Dunedin Inter Tidal 18.2 65.7 6.0 7.8 2.0 0.3 0.0 0.0
Basin—-west silt  21-Dunedin Inter Tidal 3.3 70.4 7.5 8.1 4.9 4.5 1.2 0.1
Basin—west sand 22-Pudding Inter Tidal 69.7 29.6 0.3 0.4 0.0 0.0 0.0 0.0
Basin—west silt  22—Pudding Inter Tidal 50.3 48.2 0.3 0.5 0.5 0.2 0.0 0.0
Basin—-west sand 23-Challis Inter Tidal 75.0 24.3 0.5 0.2 0.0 0.0 0.0 0.0
Basin—west silt 23—Challis Inter Tidal 47.2 49.5 1.1 0.9 0.9 0.4 0.0 0.0
Basin—west sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—west sit  24-Dunedin Embayment 91.2 8.6 0.1 0.0 0.0 0.0 0.0 0.0
Basin—west sand 25-Sawyers Bay 57.8 32.9 3.5 4.8 0.9 0.1 0.0 0.0
Basin—west sit  25-Sawyers Bay 45.0 35.5 5.0 5.0 3.5 4.3 1.6 0.1
Basin—-west sand 26-Eastern Channel 63.9 28.7 2.6 2.8 14 0.6 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Basin—west silt 26—Eastern Channel 40.4 46.1 1.6 5.1 2.3 3.4 1.1 0.1
Basin—west sand 27-Hamilton Inter Tidal 65.8 33.8 0.3 0.1 0.0 0.0 0.0 0.0
Basin—west silt  27-Hamilton Inter Tidal 43.2 56.2 0.2 0.2 0.2 0.1 0.0 0.0
Basin—east sand 1-Port Channel 15.3 40.7 4.5 5.3 4.8 7.3 9.5 12.6
Basin—east silt  1-Port Channel 12.1 40.8 3.0 4.4 3.7 4.1 8.7 23.3
Basin—east sand 2-Cross Channel 0.0 54.1 7.9 12.5 8.4 9.4 6.7 0.9
Basin—east silt 2—Cross Channel 0.0 46.5 6.0 9.2 6.7 9.5 12.8 9.2
Basin—east sand 3-Exported 53.7 45.6 0.4 0.3 0.0 0.0 0.0 0.0
Basin—east sit  3-Exported 66.2 32.9 0.3 0.3 0.2 0.2 0.0 0.0
Basin—east sand 4-Harington Channel 0.5 62.7 8.2 15.3 11.0 2.4 0.0 0.0
Basin—east silt  4—Harington Channel 0.0 55.3 7.5 9.6 7.8 13.0 6.6 0.2
Basin—east sand 5-Portobello 50.6 315 4.9 7.4 3.0 1.7 0.9 0.0
Basin—east silt  5—Portobello 47.0 30.0 3.9 5.7 4.7 4.6 3.4 0.8
Basin—east sand 6-Spit Channel 8.2 75.8 7.2 7.4 1.4 0.1 0.0 0.0
Basin—east sit  6-Spit Channel 8.2 68.7 6.8 8.8 3.6 3.7 0.2 0.0
Basin—east sand 7-Deborah Bay 88.2 115 0.2 0.2 0.0 0.0 0.0 0.0
Basin—east sit  7-Deborah Bay 82.7 17.3 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 8-Spit Inter Tidal 81.1 18.7 0.2 0.0 0.0 0.0 0.0 0.0
Basin—east silt  8-Spit Inter Tidal 89.7 9.6 0.0 0.0 0.7 0.0 0.0 0.0
Basin—east sand 9-Te Rauone Beach 75.5 23.9 0.6 0.0 0.0 0.0 0.0 0.0
Basin—east silt  9-Te Rauone Beach 73.4 26.6 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 10-Aramoana 85.6 14.1 0.2 0.1 0.0 0.0 0.0 0.0
Basin—east silt 10-Aramoana 85.1 14.8 0.0 0.0 0.1 0.0 0.0 0.0
Basin—east sand 11-Dowling Bay 65.9 33.3 0.5 0.3 0.0 0.0 0.0 0.0
Basin—east sit  11-Dowling Bay 49.6 50.1 0.0 0.3 0.0 0.0 0.0 0.0
Basin—east sand 12-Hamilton Bay 70.2 29.2 0.3 0.3 0.0 0.0 0.0 0.0
Basin—east sit  12—Hamilton Bay 61.9 37.8 0.0 0.3 0.0 0.0 0.0 0.0
Basin—east sand 13-Harwood Inter Tidal 87.9 11.0 0.4 0.6 0.1 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-05 0.5-1 1-2 2-5 >5
Basin—east silt 13-Harwood Inter Tidal 58.0 40.9 0.2 0.2 0.4 0.4 0.0 0.0
Basin—east sand 14-Dunedin Bays 97.1 2.8 0.1 0.0 0.0 0.0 0.0 0.0
Basin—east silt  14-Dunedin Bays 81.4 185 0.0 0.0 0.0 0.1 0.0 0.0
Basin—east sand 15-Port Inter Tidal 0.0 14.1 6.4 14.2 16.6 18.1 18.7 11.9
Basin—east sit  15-Port Inter Tidal 0.0 8.2 6.0 8.4 7.3 15.1 26.2 28.9
Basin—east sand 16-Pulling Inter Tidal 2.3 81.8 5.8 7.2 1.3 1.3 0.2 0.1
Basin—east sit  16-Pulling Inter Tidal 0.0 76.5 8.5 6.1 3.8 3.0 1.7 0.5
Basin—east sand 17-Tayler Inter Tidal 27.7 66.8 2.5 2.7 0.2 0.0 0.0 0.0
Basin—east sit  17-Tayler Inter Tidal 11.0 84.6 2.1 11 0.6 0.5 0.0 0.0
Basin—east sand 18-Goat Channel 5.2 80.1 5.9 6.4 1.5 0.4 0.4 0.0
Basin—east sit  18-Goat Channel 0.3 76.3 6.3 6.6 4.5 4.4 1.0 0.6
Basin—east sand 19-Dunedin Channel 70.9 29.0 0.1 0.0 0.0 0.0 0.0 0.0
Basin—east silt  19-Dunedin Channel 35.7 64.1 0.0 0.0 0.1 0.1 0.0 0.0
Basin—east sand 20-Goat Inter Tidal 3.3 74.9 8.5 8.8 3.3 1.0 0.1 0.1
Basin—east silt 20-Goat Inter Tidal 1.3 62.1 13.8 9.9 5.2 5.3 2.1 0.2
Basin—east sand 21-Dunedin Inter Tidal 72.1 27.0 0.6 0.2 0.0 0.0 0.0 0.0
Basin—east silt 21-Dunedin Inter Tidal 45.6 53.4 0.3 0.3 0.2 0.2 0.0 0.0
Basin—east sand 22-Pudding Inter Tidal 33.3 37.6 4.8 8.8 7.6 5.1 3.0 0.0
Basin—east silt  22—Pudding Inter Tidal 25.1 40.8 4.5 5.4 4.7 6.5 8.3 4.7
Basin—east sand 23-Challis Inter Tidal 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east silt  23—Challis Inter Tidal 96.3 3.6 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sit  24-Dunedin Embayment 99.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 25-Sawyers Bay 94.3 5.6 0.0 0.1 0.0 0.0 0.0 0.0
Basin—east sit  25-Sawyers Bay 93.6 6.4 0.0 0.0 0.0 0.0 0.0 0.0
Basin—east sand 26-Eastern Channel 67.8 30.3 0.5 1.3 0.2 0.0 0.0 0.0
Basin—east sit  26-Eastern Channel 42.4 54.5 1.3 0.9 0.3 0.6 0.0 0.0
Basin—east sand 27-Hamilton Inter Tidal 10.9 78.4 5.6 4.7 0.4 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Basin—east sit  27-Hamilton Inter Tidal 0.4 84.6 5.0 4.2 29 2.8 0.1 0.0
Taylers Bend sand 1-Port Channel 114 37.4 5.5 8.6 9.1 13.6 12.7 1.8
Taylers Bend silt  1-Port Channel 8.5 29.7 6.9 7.0 5.9 6.7 14.6 20.6
Taylers Bend sand 2-Cross Channel 0.2 33.3 7.8 14.3 12.0 8.2 8.8 15.3
Taylers Bend silt  2-Cross Channel 0.0 20.2 11.0 9.0 8.1 11.3 15.0 25.5
Taylers Bend sand 3-Exported 33.5 56.1 29 4.0 2.3 1.1 0.1 0.0
Taylers Bend sit  3-Exported 39.2 43.4 3.9 4.8 3.2 3.0 2.2 0.3
Taylers Bend sand 4-Harington Channel 0.1 40.2 7.6 13.7 9.4 7.9 8.0 13.0
Taylers Bend sit  4—Harington Channel 0.0 255 11.8 11.0 8.2 104 10.1 23.1
Taylers Bend sand 5-Portobello 63.4 28.0 3.2 4.3 1.0 0.1 0.0 0.0
Taylers Bend silt  5-Portobello 53.3 31.8 4.0 5.1 3.7 1.9 0.3 0.0
Taylers Bend sand 6-Spit Channel 1.1 56.2 9.0 115 5.6 5.6 10.3 0.6
Taylers Bend silt  6-Spit Channel 0.1 36.0 12.0 14.3 7.8 8.3 8.4 13.2
Taylers Bend sand 7-Deborah Bay 83.7 16.0 0.2 0.2 0.0 0.0 0.0 0.0
Taylers Bend sit  7-Deborah Bay 44.6 52.8 1.2 0.6 0.5 0.3 0.0 0.0
Taylers Bend sand 8-Spit Inter Tidal 64.4 34.2 0.9 0.5 0.0 0.0 0.0 0.0
Taylers Bend silt  8-Spit Inter Tidal 53.0 459 0.0 0.5 0.2 0.5 0.0 0.0
Taylers Bend sand 9-Te Rauone Beach 50.7 47.5 1.2 0.6 0.0 0.0 0.0 0.0
Taylers Bend sit  9-Te Rauone Beach 41.4 54.2 1.6 2.0 0.4 0.4 0.0 0.0
Taylers Bend sand 10-Aramoana 88.8 10.8 0.2 0.2 0.0 0.0 0.0 0.0
Taylers Bend sit  10-Aramoana 79.0 20.2 0.2 0.2 0.2 0.2 0.0 0.0
Taylers Bend sand 11-Dowling Bay 68.7 29.8 0.8 0.8 0.0 0.0 0.0 0.0
Taylers Bend sit  11-Dowling Bay 45.0 53.0 0.8 0.5 0.3 0.5 0.0 0.0
Taylers Bend sand 12-Hamilton Bay 76.4 22.7 0.6 0.3 0.0 0.0 0.0 0.0
Taylers Bend sit  12—-Hamilton Bay 35.8 62.8 0.6 0.3 0.3 0.3 0.0 0.0
Taylers Bend sand 13-Harwood Inter Tidal 82.7 15.7 0.4 0.4 0.1 0.1 0.4 0.3
Taylers Bend silt  13-Harwood Inter Tidal 59.6 38.6 0.3 0.3 0.3 0.1 0.1 0.7
Taylers Bend sand 14-Dunedin Bays 94.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Taylers Bend sit  14-Dunedin Bays 68.2 315 0.2 0.1 0.1 0.1 0.0 0.0
Taylers Bend sand 15-Port Inter Tidal 0.0 36.1 13.9 26.4 16.8 6.2 0.6 0.0
Taylers Bend sit  15-Port Inter Tidal 0.0 21.3 14.2 19.8 14.7 16.0 11.9 2.0
Taylers Bend sand 16-Pulling Inter Tidal 0.5 63.5 11.2 13.7 6.8 3.2 1.1 0.0
Taylers Bend silt  16-Pulling Inter Tidal 0.0 35.9 18.8 175 10.3 8.3 6.7 2.4
Taylers Bend sand 17-Tayler Inter Tidal 12.9 69.8 5.8 9.4 2.0 0.1 0.0 0.0
Taylers Bend sit  17-Tayler Inter Tidal 7.6 59.9 11.3 10.8 5.1 4.5 0.9 0.0
Taylers Bend sand 18-Goat Channel 34 71.6 6.5 11.8 5.8 0.9 0.0 0.0
Taylers Bend sit  18-Goat Channel 0.0 64.1 6.1 9.2 7.4 8.2 4.7 0.2
Taylers Bend sand 19-Dunedin Channel 58.9 40.9 0.2 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt  19-Dunedin Channel 30.8 68.3 0.5 0.2 0.1 0.1 0.0 0.0
Taylers Bend sand 20-Goat Inter Tidal 3.3 73.8 9.5 10.9 2.0 0.3 0.2 0.1
Taylers Bend sit  20-Goat Inter Tidal 1.6 66.6 9.7 10.8 5.0 5.2 1.0 0.2
Taylers Bend sand 21-Dunedin Inter Tidal 64.9 33.9 0.7 0.4 0.1 0.0 0.0 0.0
Taylers Bend sit  21-Dunedin Inter Tidal 25.6 72.4 0.5 1.0 0.3 0.2 0.0 0.0
Taylers Bend sand 22-Pudding Inter Tidal 46.3 48.4 2.3 2.4 0.5 0.1 0.0 0.0
Taylers Bend sit  22—Pudding Inter Tidal 33.8 55.6 4.0 29 1.8 1.7 0.3 0.0
Taylers Bend sand 23-Challis Inter Tidal 97.4 2.5 0.1 0.0 0.0 0.0 0.0 0.0
Taylers Bend silt  23—Challis Inter Tidal 87.8 12.2 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sit  24-Dunedin Embayment 99.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 25-Sawyers Bay 98.1 1.9 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sit  25-Sawyers Bay 88.9 111 0.0 0.0 0.0 0.0 0.0 0.0
Taylers Bend sand 26-Eastern Channel 47.1 49.8 1.7 1.4 0.0 0.0 0.0 0.0
Taylers Bend sit  26-Eastern Channel 41.1 53.9 2.3 11 1.0 0.6 0.1 0.0
Taylers Bend sand 27-Hamilton Inter Tidal 11.2 77.9 4.9 5.4 0.5 0.1 0.0 0.0
Taylers Bend sit  27-Hamilton Inter Tidal 0.1 82.3 6.3 5.7 2.8 2.9 0.1 0.0
Cross-channel sand 1-Port Channel 12.3 55.7 8.5 12.7 7.1 3.3 0.5 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Cross-channel silt 1-Port Channel 10.6 43.8 12.5 10.7 7.5 8.3 6.1 0.6
Cross-channel sand 2-Cross Channel 0.0 37.8 12.2 12.7 54 7.2 16.7 7.9
Cross-channel silt 2—Cross Channel 0.0 22.2 13.6 13.1 9.0 7.9 8.6 25.6
Cross-channel sand 3-Exported 36.6 37.7 4.8 6.8 5.4 6.7 1.8 0.1
Cross-channel sit  3-Exported 33.5 36.1 4.3 4.9 4.6 5.4 8.7 2.6
Cross-channel sand 4-Harington Channel 0.0 35.7 10.2 14.0 8.5 6.9 7.8 16.8
Cross-channel silt  4—Harington Channel 0.0 22.9 11.8 111 8.8 9.1 10.7 25.6
Cross-channel sand 5-Portobello 62.5 36.4 0.8 0.3 0.0 0.0 0.0 0.0
Cross-channel silt 5—-Portobello 54.5 44.1 0.5 0.5 0.4 0.1 0.0 0.0
Cross-channel sand 6-Spit Channel 1.9 43.9 10.1 15.7 8.1 4.8 5.2 10.4
Cross-channel silt  6-Spit Channel 0.4 33.2 8.3 13.0 9.7 10.7 8.8 15.9
Cross-channel sand 7-Deborah Bay 80.4 19.1 0.3 0.2 0.0 0.0 0.0 0.0
Cross-channel sit  7-Deborah Bay 44.8 53.8 0.0 0.5 0.3 0.6 0.0 0.0
Cross-channel sand 8-Spit Inter Tidal 56.2 40.4 2.1 1.1 0.2 0.0 0.0 0.0
Cross-channel silt  8-Spit Inter Tidal 48.2 459 2.5 1.6 0.7 1.1 0.0 0.0
Cross-channel sand 9-Te Rauone Beach 47.7 34.0 4.6 7.6 3.6 2.2 0.2 0.0
Cross-channel silt 9-Te Rauone Beach 40.0 36.6 4.4 6.4 4.6 4.8 2.8 0.2
Cross-channel sand 10-Aramoana 82.0 17.6 0.3 0.1 0.0 0.0 0.0 0.0
Cross-channel silt  10—-Aramoana 82.3 17.2 0.1 0.2 0.2 0.0 0.0 0.0
Cross-channel sand 11-Dowling Bay 64.6 34.4 0.8 0.3 0.0 0.0 0.0 0.0
Cross-channel sit  11-Dowling Bay 49.9 49.3 0.3 0.3 0.3 0.0 0.0 0.0
Cross-channel sand 12-Hamilton Bay 80.4 18.2 1.1 0.3 0.0 0.0 0.0 0.0
Cross-channel sit  12—Hamilton Bay 49.7 49.2 0.3 0.0 0.6 0.3 0.0 0.0
Cross-channel sand 13-Harwood Inter Tidal 54.1 42.3 1.0 0.8 0.3 0.5 0.3 0.7
Cross-channel silt 13-Harwood Inter Tidal 34.7 60.7 1.2 1.0 0.5 0.4 0.5 1.0
Cross-channel sand 14-Dunedin Bays 86.9 13.0 0.1 0.1 0.0 0.0 0.0 0.0
Cross-channel sit  14-Dunedin Bays 82.1 17.9 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 15-Port Inter Tidal 0.0 80.3 8.4 8.4 2.6 0.3 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Cross-channel silt 15—Port Inter Tidal 0.0 70.8 9.6 8.8 5.2 4.5 1.1 0.0
Cross-channel sand 16-Pulling Inter Tidal 0.0 31.0 13.7 25.3 17.6 8.2 4.0 0.2
Cross-channel silt  16-Pulling Inter Tidal 0.0 17.2 11.2 17.7 16.3 18.2 15.1 4.4
Cross-channel sand 17-Tayler Inter Tidal 3.7 41.1 8.4 15.3 135 11.6 6.1 0.3
Cross-channel silt  17-Tayler Inter Tidal 0.9 35.3 8.3 11.3 8.7 12.0 15.8 7.7
Cross-channel sand 18-Goat Channel 2.3 95.3 1.8 0.5 0.0 0.0 0.0 0.0
Cross-channel silt 18—-Goat Channel 0.6 95.0 1.6 1.2 1.4 0.2 0.0 0.0
Cross-channel sand 19-Dunedin Channel 53.9 46.0 0.1 0.0 0.0 0.0 0.0 0.0
Cross-channel silt 19-Dunedin Channel 49.9 49.9 0.1 0.1 0.1 0.0 0.0 0.0
Cross-channel sand 20-Goat Inter Tidal 51.3 47.4 0.8 0.5 0.0 0.0 0.0 0.0
Cross-channel silt  20-Goat Inter Tidal 17.7 80.2 0.7 0.7 0.5 0.2 0.0 0.0
Cross-channel sand 21-Dunedin Inter Tidal 81.8 18.1 0.1 0.0 0.0 0.0 0.0 0.0
Cross-channel silt  21-Dunedin Inter Tidal 73.5 26.3 0.1 0.1 0.0 0.1 0.0 0.0
Cross-channel sand 22-Pudding Inter Tidal 68.9 30.3 0.5 0.3 0.0 0.0 0.0 0.0
Cross-channel sit  22—Pudding Inter Tidal 56.2 42.4 0.3 0.5 0.4 0.2 0.0 0.0
Cross-channel sand 23-Challis Inter Tidal 97.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel silt 23—Challis Inter Tidal 98.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel silt  24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 25-Sawyers Bay 90.3 9.7 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sit  25-Sawyers Bay 92.9 7.1 0.0 0.0 0.0 0.0 0.0 0.0
Cross-channel sand 26-Eastern Channel 68.8 30.9 0.2 0.2 0.0 0.0 0.0 0.0
Cross-channel silt 26—Eastern Channel 67.9 31.8 0.1 0.1 0.1 0.0 0.0 0.0
Cross-channel sand 27-Hamilton Inter Tidal 0.1 74.9 8.5 9.2 4.7 2.4 0.2 0.0
Cross-channel silt 27—Hamilton Inter Tidal 0.0 69.2 7.5 7.2 5.1 6.2 4.5 0.5
Harington Bend sand 1-Port Channel 114 29.1 7.5 11.8 104 10.7 131 5.9
Harington Bend silt  1-Port Channel 9.1 26.1 5.3 6.6 6.9 10.6 14.6 20.8
Harington Bend sand 2-Cross Channel 0.0 36.5 10.9 16.6 8.9 5.1 6.4 15.6
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Harington Bend sit  2—Cross Channel 0.0 215 12.0 141 11.2 10.9 9.2 21.0
Harington Bend sand 3-Exported 41.3 51.9 2.6 3.1 1.0 0.1 0.0 0.0
Harington Bend sit  3-Exported 38.2 48.7 4.5 4.1 2.2 1.9 0.5 0.0
Harington Bend sand 4-Harington Channel 1.4 46.5 9.0 12.0 7.5 8.8 12.7 2.2
Harington Bend silt  4—Harington Channel 0.2 36.7 10.3 104 6.9 8.2 11.7 15.6
Harington Bend sand 5-Portobello 68.5 24.9 2.9 3.3 0.3 0.0 0.0 0.0
Harington Bend sit  5-Portobello 59.3 28.1 4.3 4.4 2.2 15 0.2 0.0
Harington Bend sand 6-Spit Channel 1.1 59.8 7.7 12.6 8.5 8.8 15 0.0
Harington Bend sit  6-Spit Channel 0.6 37.2 17.8 13.3 8.0 8.8 12.2 2.0
Harington Bend sand 7-Deborah Bay 68.8 30.0 0.8 0.5 0.0 0.0 0.0 0.0
Harington Bend sit  7-Deborah Bay 44.3 54.2 0.2 0.9 0.3 0.2 0.0 0.0
Harington Bend sand 8-Spit Inter Tidal 68.3 29.6 0.9 0.9 0.2 0.0 0.0 0.0
Harington Bend silt  8-Spit Inter Tidal 65.1 32.6 0.9 1.1 0.0 0.2 0.0 0.0
Harington Bend sand 9-Te Rauone Beach 74.8 24.6 0.6 0.0 0.0 0.0 0.0 0.0
Harington Bend sit  9-Te Rauone Beach 70.8 28.8 0.4 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 10-Aramoana 86.1 12.9 0.5 0.5 0.0 0.0 0.0 0.0
Harington Bend sit  10-Aramoana 75.5 23.2 0.4 0.2 0.4 0.3 0.0 0.0
Harington Bend sand 11-Dowling Bay 59.8 394 0.3 0.5 0.0 0.0 0.0 0.0
Harington Bend sit  11-Dowling Bay 49.6 47.1 1.3 1.0 0.5 0.5 0.0 0.0
Harington Bend sand 12-Hamilton Bay 74.1 24.5 0.6 0.9 0.0 0.0 0.0 0.0
Harington Bend sit  12—-Hamilton Bay 50.0 48.3 0.3 0.3 0.6 0.6 0.0 0.0
Harington Bend sand 13-Harwood Inter Tidal 93.9 5.3 0.1 0.2 0.1 0.2 0.1 0.0
Harington Bend sit  13-Harwood Inter Tidal 78.2 20.7 0.2 0.1 0.1 0.2 0.3 0.2
Harington Bend sand 14-Dunedin Bays 83.1 16.7 0.1 0.1 0.0 0.0 0.0 0.0
Harington Bend sit  14-Dunedin Bays 67.0 325 0.1 0.2 0.1 0.1 0.0 0.0
Harington Bend sand 15-Port Inter Tidal 0.6 61.9 111 16.9 8.1 1.2 0.3 0.0
Harington Bend silt  15-Port Inter Tidal 0.0 57.5 12.1 12.1 8.1 6.4 3.2 0.6
Harington Bend sand 16-Pulling Inter Tidal 12.6 76.0 5.1 4.7 1.1 0.4 0.0 0.0
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Dredged site Type Harbour sub-area % of Harbour sub  -area in each deposition range (mm) over a 14-day p  eriod

0 <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 >5
Harington Bend sit  16-Pulling Inter Tidal 0.2 77.9 9.0 6.2 34 2.5 0.7 0.1
Harington Bend sand 17-Tayler Inter Tidal 49.5 47.5 1.6 1.4 0.1 0.0 0.0 0.0
Harington Bend silt  17-Tayler Inter Tidal 27.4 67.5 3.0 0.8 0.4 0.7 0.2 0.0
Harington Bend sand 18-Goat Channel 0.1 55.2 8.2 13.3 13.9 8.8 0.6 0.0
Harington Bend sit  18-Goat Channel 0.0 45.2 8.2 9.4 7.8 11.8 14.0 3.6
Harington Bend sand 19-Dunedin Channel 48.6 50.6 0.7 0.1 0.0 0.0 0.0 0.0
Harington Bend sit  19-Dunedin Channel 22.0 76.5 0.5 0.6 0.2 0.2 0.0 0.0
Harington Bend sand 20-Goat Inter Tidal 2.3 52.0 14.0 19.0 104 1.9 0.2 0.1
Harington Bend sit  20-Goat Inter Tidal 1.4 39.2 12.9 19.1 11.8 11.3 3.9 0.4
Harington Bend sand 21-Dunedin Inter Tidal 51.7 43.4 2.1 2.4 0.4 0.0 0.0 0.0
Harington Bend sit  21-Dunedin Inter Tidal 215 71.2 2.0 2.7 15 1.0 0.1 0.0
Harington Bend sand 22-Pudding Inter Tidal 49.2 41.6 29 4.4 1.7 0.2 0.0 0.0
Harington Bend silt  22—Pudding Inter Tidal 33.0 51.9 4.3 4.4 2.6 2.6 1.1 0.1
Harington Bend sand 23-Challis Inter Tidal 96.6 3.4 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sit  23-Challis Inter Tidal 82.2 17.6 0.0 0.1 0.1 0.0 0.0 0.0
Harington Bend sand 24-Dunedin Embayment 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sit  24-Dunedin Embayment 97.4 2.6 0.0 0.0 0.0 0.0 0.0 0.0
Harington Bend sand 25-Sawyers Bay 93.3 6.6 0.1 0.0 0.0 0.0 0.0 0.0
Harington Bend sit  25-Sawyers Bay 86.8 12.8 0.1 0.1 0.1 0.1 0.0 0.0
Harington Bend sand 26-Eastern Channel 46.9 46.7 2.6 2.5 1.2 0.1 0.0 0.0
Harington Bend sit  26-Eastern Channel 32.3 56.8 2.2 3.0 2.9 2.0 0.8 0.0
Harington Bend sand 27-Hamilton Inter Tidal 42.6 52.8 2.6 2.0 0.0 0.0 0.0 0.0
Harington Bend sit  27-Hamilton Inter Tidal 7.5 88.1 1.6 0.9 1.3 0.7 0.0 0.0
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Table 7.6:  Statistics and associated areas (hectares) formadated deposition predicted in various sub-arda®tago Harbour (Fig. 7.14 below this
Table) from combined “silt” and “sand” claims ouée entire dredging programme for the final chamieslign. The factors applied to each 14-
day “silt” and “sand” simulations for each of thedlscharge source locations are listed in Table NA@e: areas based on units of 30x30 m
model cells assigned to each sub-area. [1 ha ©Q0xf].
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Figure 7.14: (same as Fig. 7.3) Otago Harbour receiving envienmtndivided into sub-areas for integrating the sdafediment deposition results from
dredging sediment sources at five different chamiistharge locations. The numbers for each sub-ameaised along with a descriptive
location name in the tabulated results below. Aredeectares of these sub-areas are listed abovabie 7.6.
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8. Offshore wave modelling

8.1 Wave model

SWAN (Simulating Waves Nearshore) was used fotha@lwave modelling including
the wind-wave simulations for the Lower Harboursfdissed in Chapter 9).

SWAN is a third generation ocean wave propagatiodeh which solves the spectral
action density balance equation for wavenumberctior spectra. This means that the
growth, refraction, and decay of each componetii@tomplete sea state, each with a
specific frequency and direction, is solved, givangomplete and realistic description
of the wave field as it changes in time and spBbgsical processes that are simulated
include the generation of waves by surface windsigation by white-capping,
resonant nonlinear interaction between the wavepooments, bottom friction and
depth limited breaking. A detailed description ohet model equations,
parameterizations, and numerical schemes can lvel fiouHolthuijsen et al. (2007).
All 3" generation physics are included. The Collins ifsitischeme is used for wave
dissipation by bottom friction.

The solution of the wavefield is found for the retationary (time-stepping) mode.
Boundary conditions, wind forcing and resulting udimins are all time dependent,
allowing the model to capture the growth, developnaad decay of the wavefield.

8.2 Model grid domains

Hindcast wave modelling of the existing and propglodeedging development applied
a three-level nested scheme:

1. a coarse grid with resolution of 0.045° longitude044° latitude (~5.0 km
by 3.4 km) covering the eastern side of southenv Kealand,;

2. a regional grid with resolution of 0.0055° longitudy 0.0065° Iatitude
(~0.6 km by 0.4 km) covering the area offshore@tago Peninsula; and

3. alocal grid of the Harbour Entrance with resolntif 0.0008° longitude by
0.0008° latitude (~90 m by 60 m) for the existingdaproposed dredged
bathymetry.

The three model domains are shown in Figure 8.&.tWo larger domains were used
to generate boundary conditions for the high-ragmiuHarbour Entrance domains
(existing and the 15-m dredged initial channel gigsi Bathymetry data for the

Port of Otago Dredging Project: Harbour and Offghidiodelling 160



MET) OCEAN —NWA_—
\ 4 SOLUTONS LD Taihoro Nukurangi

regional and local resolution domains were derifien bathymetric charts and
various survey data collected by Port Otago Ltdjescribed in Chapter 3.

Ny S
-

0 20 40 El El Kilometers 0 20 40 E] E Kilometers

Figure 8.1:  Wave model domains showing the regional grids (4 Bh and the existing (C) and
proposed dredged bathymetry (D) at the entrancemegnd Lower Harbour. The
proposed bathymetry (for the initial channel dekigoludes two options for disposal
mounds.
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8.3 Model set-up

8.3.1 Boundary conditions

The wave spectra on the open-ocean boundarie afodrse domain (eastern side of
New Zealand) were obtained from the NOAA WAVEWAT@H(NWW3) solution.
NWW3 is a state-of-the-art wave generation, propagaand transformation model
for forecasting the evolution of directional waveeegy spectra across the global
oceans.

Along the open boundaries of the model domainptiv@ary statistical parameters of
the incoming wavefield are interpolated from the WA8/hindcast solution. Boundary
spectra are then reconstructed by assuming a ban@chi-Hubble shape.

Boundary conditions for the high-resolution negjeds (Fig. 8.1) come directly from
the coarse model domain.

8.3.2 Winds

The regional wind field is very important for wageneration. A spatially-varying
wind field was specified from a blended global wprdduct developed by MetOcean
Solutions. These data are 10 m elevation wind Wgleectors in a 3-hourly gridded
format at a resolution of 0.25° of longitude anditl@e. The wind field is a
combination of the 6-hourly Blended Sea Winds @atad the winds from the NWW3
hindcast. The blended data product combines thefiterof measured satellite data
with the temporal resolution and continuous coverafgthe modelled re-analysis.

8.3.3 Currents

Tidal current constituents (provided from the NIW¥drodynamic Harbour model
described in Chapter 4) were used to include tfexisf of the ebb and flood tidal jet
on the wave transformation in the vicinity of tharbour Entrance.

8.3.4  Model output

Directional wave spectra were hindcast at hourgrirals for a 10-year period (1998-
2007), and the standard spectral wave parametgrs ggnificant wave height, peak
spectral period) were output over the entire donair8-hourly intervals. The full
directional spectra were also archived for disci@tations within the local domain, as
shown on Figure 8.2 and detailed in Table 8.1.\2¢ion of wave statistics from the
full (two-dimensional) directional spectra are déssd in Appendix .

!> From NCDC, NOAA, Zhang et al. (2006).
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Location Longitude (E) Latitude (N)
Fairway Beacon 170.726933 -45.751173
CL1 170.726441 -45.747211
CL2 170.72554 -45.752749
CL3 170.72502 -45.756042
CcL4 170.724278 -45.760833
CL5 170.723689 -45.764553
CL6 170.723226 -45.767543
CL7 170.722807 -45.77025
ADCP_DM 170.761933 -45.744917
ADCP_War 170.6381 -45.707717
Al 170.7119123 -45.77256352
A10 170.6240056 -45.73737116
All 170.6127281 -45.72983225
Al2 170.6080369 -45.72287302
Al3 170.6071653 -45.71247963
A2 170.7060997 -45.76994478
A3 170.7024137 -45.7666724
A4 170.7001665 -45.76261542
A5 170.6834391 -45.758499
A6 170.6713394 -45.76005591
A7 170.6617056 -45.7572235
A8 170.6533445 -45.75208667
A9 170.6492974 -45.74554

11 170.7139982 -45.7793576
Refl 170.733442 -45.751175
S1 170.724267 -45.75412

S2 170.7232 -45.7627

S3 170.72213 -45.77485

S4 170.71999 -45.7884

B1 170.71617 -45.7785

B2 170.72371 -45.77784

B3 170.7232 -45.78881

B4 170.7121 -45.79675

Output locations for directional wave spectra frime hindcast wave modelling for
sites marked in Figure 8.2.
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Figure 8.2:  Output locations for directional spectra from thave hindcast modelling that are
listed in Table 8.1.

8.4 Wave hindcast validation

The hindcast wave model outputs have been validaidd wave buoy data from
numerous locations around New Zealand, in watethdepanging from 10-110 m
(Figure 8.3). For the present study, a site-speeifilidation was undertaken using
measured waverider data from the Tahuna outfalhersouthern side of Otago Heads
(Lawyers Head), which were observed from Januaiag 2007.

A time-series validation plot of the measured amditast significant wave heights is
presented in Figure 8.4, indicating the numericalevmodel for the Otago shelf is
faithfully representing the periods of high and lemergy. The measured and hindcast
data have similar statistical means (1.40 m an@ in5 respectively) and medians
(2.21 m and 1.36 m, respectively). Linear regressib the measured and hindcast
wave heights show & correlation coefficient of 0.80, with slope of 8.0
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Further quantitative measures of the accuracy @hihdcast are calculated from the
measuredy, and hindcasty,, data. These are defined as:

Mean absolute error: % =%l (8.1)
2
RMS error: (Xh Xm) (8.2)
Xy = X
Mean relative absolute error: m (8.3)
Bias: X = X (8.4)

where the line indicates an average over all pafirmeasured/hindcast data. These
four measures of accuracy are listed in Table 8.2.

The mean absolute error (MAE) is the most direptegentation of what the typical

deviation of the hindcast from the measured valile RMS error exaggerates large
differences in measured and hindcast wave heigidsis therefore larger than the

MAE. The mean relative absolute errors are an eswa in percentage terms of the
error compared to actual, and shown that the hstdeave heights are on, average,
within £15% of the measured values (Table 8.2). Bias, which represents a constant
‘offset’ in the hindcast significant wave heighiadicates that overall the model

slightly over predicts the wave heights by ~0.19Nuotably, some of the error in the

hindcast wave heights is due to timing of the wawents, as the hindcasting

technique has an inherent phase resolution of tBsh@\lso, the waverider buoy at

Tahuna outfall was located close to the shore,thadegional wave model used in

this validation has a resolution of approximately km.

Table 8.2: Accuracy measures for hindcast significant wavegiitsi based on Tahuna outfall
wave buoy measurements. MAE: mean absolute erfdSER RMS error, MRAE:
mean relative absolute error, BIAS: bias

MAE RMSE MRAE Bias
(m) (m) (%) (m)
0.33 0.42 0.15 0.19
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Figure 8.3:  Wave hindcast validation sites around New Zealand.
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Figure 8.4:  Time-series validation plot of the measured (walaribuoy—wrb) and hindcast (model) significant wédnadghts at Tahuna, Dunedin
(Jan—May 2007).
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Offshore and coastal wave climate

The Otago Peninsula provides a considerable waeétesheffect to the Harbour

Entrance for the dominant incident wave conditioigpically, sea and swell

approach from the SE sector, and wave refractioransimportant process in
transferring wave energy from deepwater offshorthéoentrance zone. This effect is
clearly shown in the summary wave height maps gureéi 8.5. Here, the mean and
the maximum significant wave heights from a 5-ygmriod (2003-2007) are
presented. Focussing of the wave energy by theigabbar is also evident on these

maps.

=

Hs max (m)

20 4.0 6.0 8.0

Mean (A) and maximum (B) significant wave heighteeioa 5-year period (2003—
2007). A close-up of the mean wave heights neaetii@nce is provided on panel C.
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Waves also approach the Harbour Entrance from ththeast, where there is no
shelter afforded by the adjacent coast. Exampleshef contrasting wave height
patterns for SE and NE waves are provided in Fi§Lée

—3 S S A A A D

S R . S s G e e

IR e ol L

Figure 8.6:  Typical wave height patterns for waves from thetseast (A) and the northeast (B).

A detailed analysis of the wave climate has beettettaken for two representative
locations; an offshore site (labelled ADCP-DM, whics also known as disposal
option Al) and a location near the fairway beacoth.andfall Tower (labelled Ref-1).
These sites are shown on Figure 8.7.

Annual, seasonal and monthly significant wave hegfatistics for each site are
presented in Table 8.3. Site Ref-1 clearly receivese wave sheltering than the
offshore ADCP-DM location; the mean annual sigmifitwave height (Hs) at ADCP-
DM is 1.06 m while at Ref-1 it is 0.85 m. As expEttthe winter and autumn months
are more energetic, while November is the leastgerie month.

The annual joint probability distributions of sifjpant wave height and peak wave
period are presented in Tables 8.4 and 8.5 for AD®Pand Ref-1, respectively. The
largest waves tend to have peak periods in theerdfg13 seconds, and the height—
period distribution is similar for both locationghe annual joint probability
distributions of significant wave height and waweection are presented in Tables 8.6
and 8.7 for ADCP-DM and Ref-1, respectively. At tiftsshore location (ADCP-DM),
two directional modes are evident from the NE ane EE. Wave directions are
constrained near the entrance region (Table 8.7).
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Figure 8.7:  Wave model hindcast output locations. Note: ADCP-BMilso otherwise known as
disposal site option Al in other sections of tleigart and in Bell & Harf2008).
Table 8.3: Annual, seasonal and monthly significant wave heggatistics for sites ADCP-DM
and Ref-1 (shown in Fig. 8.7).
Mean (m) Median (m) 90th percentile (m) 95th percen tile (m) | 99th percentile (m)
Site ADCP-DM |Ref-1 | ADCP-DM | Ref-1 | ADCP-DM | Ref-1 | ADCP-DM |Ref-1 | ADCP-DM |R ef-1
Annual 1.06 0.85 0.93 0.74 1.78 1.49 2.13 1.81 2.93 2.53
Winter 1.22 0.98 1.06 0.84 2.13 1.83 2.59 2.22 3.39 2.84
Autumn 1.09 0.86 0.96 0.74 1.85 1.49 2.19 1.78 2.93 2.60
Spring 0.95 0.75 0.87 0.68 1.53 1.22 1.78 1.42 2.37 1.98
Summer 0.97 0.82 0.86 0.70 1.60 1.45 1.88 1.68 2.69 2.30
January 0.91 0.80 0.79 0.67 1.48 1.38 1.81 1.64 2.90 2.74
February 1.04 0.87 0.94 0.77 1.71 1.53 1.91 1.75 2.67 2.10
March 1.00 0.81 0.88 0.69 1.62 1.31 2.02 1.59 2.90 2.79
April 1.12 0.86 0.95 0.72 2.02 1.61 2.41 2.03 3.14 2.65
May 1.14 0.91 1.05 0.81 1.84 1.53 2.05 1.72 2.61 2.02
June 1.18 0.89 1.07 0.81 1.89 1.51 2.44 1.88 3.40 2.36
July 1.16 0.95 0.99 0.82 2.04 1.79 2.29 2.09 3.19 3.10
August 1.32 1.11 1.16 0.93 2.46 2.18 2.82 2.42 3.44 2.98
September 0.99 0.80 0.87 0.72 1.64 1.30 2.03 1.53 2.68 2.13
October 0.95 0.75 0.88 0.68 1.53 1.21 1.73 1.41 2.10 1.97
November 0.91 0.69 0.85 0.64 1.46 1.11 1.65 1.34 2.05 1.73
December 0.97 0.80 0.85 0.68 1.65 1.42 1.90 1.63 2.27 1.93
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Table 8.4:  Annual significant wave height and peak period tiprobability at site. ADCP-DMin parts-per-thousand (ppt). For example, 15.2ippt
equivalent to 1.52%.

Peak wave period (s)
Annual Oto | 1to | 2to | 3to | 4to | 5to | 6to [ 7to | 8to 9to 10to | 11to | 12to | 13to 14 to 15to 16 to 17 to 18 to 19 to SUM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
>0 <05 0 01 |152| 22 | 68 | 48 | 3.7 | 3.3 | 3.2 3.3 8.7 19.5 19.3 15.4 3.7 1 0.3 0 0.1 0 110.6
>05 <1 0 0 10.1 | 38.1 (159|174 | 196 | 229 | 236 | 254 36 59.1 71.3 75.7 21.3 9.3 1.9 0.8 0.2 0 448.6
| >1 =15 0 0 0 6.2 | 143|136 | 99 [ 178|314 | 337 | 31.2 35 30.8 33 9.8 2.8 0.3 0.1 0 0 269.9
% >15 <2 0 0 0 0 05| 57 |54 |41 |71 | 16.2 20.7 18.1 12.1 12 3.8 0.8 0.1 0 0 0 106.6
% >2 <25 0 0 0 0 0 0.3 34 1.7 1 2.9 7.4 8.5 5.8 4.7 1.7 0.7 0 0 0 0 38.1
< | >25 <3 0 0 0 0 0 0 03 | 06 | 0.9 1.2 1.9 5.7 3.9 25 0.3 0 0 0 0 0 17.3
§ >3 <35 0 0 0 0 0 0 0 0.4 0.6 0.3 0.2 1.3 1.4 1.4 0.6 0 0 0 0 0 6.2
§ >35 <4 0 0 0 0 0 0 0 0 0.1 0 0 0.1 0.3 0.7 0.1 0 0 0 0 0 1.3
3“; >4 <45 0 0 0 0 0 0 0 0 0.1 0 0 0.1 0.1 0 0 0 0 0 0 0 0.3
'(% >45 <5 0 0 0 0 0 0 0 0 0.2 0.1 0 0.1 0 0 0 0 0 0 0 0.4
>5 <55 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0 0 0 0 0 0 0 0.3
>55 <6 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0.1
SUM 0 0.1 | 253|465 | 375|418 | 423|508 | 68 83.2 106.3 | 147.6 | 145.2 | 1454 41.3 14.6 2.6 0.9 0.3 0 1000
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Table 8.5:  Annual significant wave height and peak periodtqrobability at site Ref-in parts-per-thousand (ppt). For example, 34.59¢pguivalent to

3.45%.
Peak wave period (s)
Annual Oto | 1to | 2to | 3to | 4to | 5to | 6to [ 7to | 8to 9to 10to | 11to | 12to | 13to 14 to 15to 16 to 17 to 18 to 19 to SUM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
>0 <05 0 05 | 345| 59 (111113102 | 8.2 4.4 4.7 15.2 30.1 35.3 46.8 14.2 4.6 1.3 0.4 0.1 0 238.8
>05 <1 0 0 246 | 658 | 27.7 253 |282|316|40.1( 315 25.1 36.3 44.3 61.8 28.9 10.2 3.7 0.6 0.3 0 486
| >1 =15 0 0 0 57 | 134|127 | 94 | 146 | 23 29.3 23.2 15.1 8.9 13.4 7.8 2.3 0.1 0.1 0 0 179
% >15 <2 0 0 0 0 02 | 55| 46 | 29 | 39 | 10.2 154 10.3 4.9 4 0.5 0.5 0 0 0 0 62.9
% >2 <25 0 0 0 0 0 0.2 24 1 0.6 0.9 2.6 8.3 3.8 24 0.6 0.3 0 0 0 0 231
< | >25 <3 0 0 0 0 0 0 02 | 06 | 08 0.8 0.9 1.3 1.6 1.6 0 0 0 0 0 0 7.8
§ >3 <35 0 0 0 0 0 0 0 0.3 0.6 0 0 0.2 0.1 0.5 0 0 0 0 0 0 1.7
§ >35 <4 0 0 0 0 0 0 0 0 0.1 0.1 0 0.1 0.1 0 0 0 0 0 0 0 0.4
3“; >4 <45 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 0.4
'(% >45 <5 0 0 0 0 0 0 0 0 0 0.2 0.1 0.1 0 0 0 0 0 0 0 0.4
>5 <55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>55 <6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SUM 0 05 (591|774 ]| 524 | 55 55 [59.2| 735 | 77.6 82.7 1019 | 99.2 130.5 52 17.9 51 1.1 0.4 0 1000
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Table 8.6:  Annual significant wave height and direction jegmbbability at site. ADCP-DMin parts-per-thousand (ppt). For example, 14.3 ippt
equivalent to 1.43%.

Wave direction ( °T)
348.75 | 11.25 | 33.75 | 56.25 | 78.75 101.25 | 123.75 | 146.25 | 168.75 | 191.25 | 213.75 | 236.25 | 258.75 | 281.25 | 303.75 | 326.25
to to to to to to to to to to to to to to to to SUM
11.25 33.75 | 56.25 | 78.75 | 101.25 | 123.75 | 146.25 | 168.75 | 191.25 | 213.75 | 236.25 | 258.75 | 281.25 | 303.75 | 326.25 | 348.75
>0 <05 6.5 5.6 7.9 8.2 7.6 8 8.1 20.5 11.9 3.5 2.9 2.4 2.6 3.3 5.4 6.3 110.7
>05 <1 14.3 23.1 36.8 47.7 37 29.1 34.4 88.3 39.2 20.2 145 13.3 14.6 13.5 10.6 11.9 448.5
| >1 <15 2.7 7.8 24.1 43.6 29.2 17.9 19 59.2 34.8 13.6 7.1 4.5 3.1 1 1.2 1.2 270
:E/ >15 <2 0.1 0.6 6.6 18.4 15.5 11.1 11.4 21.6 15.7 3.8 0.9 0.7 0.1 0 0 0 106.5
% >2 <25 0 0.2 2 4.2 6 5.8 6.3 7.3 6 0.4 0 0 0 0 0 0 38.2
i >25 <3 0 0 0.3 1.2 2.7 4.7 4.3 21 2.1 0 0 0 0 0 0 0 17.4
§ >3 <35 0 0 0.1 0.9 0.3 1.5 1.3 1.3 0.8 0 0 0 0 0 0 0 6.2
% >35 <4 0 0 0 0.1 0 0.2 0.6 0.2 0.2 0 0 0 0 0 0 0 1.3
% >4 <45 0 0 0 0.1 0 0.1 0.1 0 0 0 0 0 0 0 0 0 0.3
':7? >45 <5 0 0 0 0.1 0 0.1 0.1 0 0 0 0 0 0 0 0 0 0.3
>5 <55 0 0 0 0 0 0.2 0.1 0 0 0 0 0 0 0 0 0 0.3
>55 <6 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 0.1
SUM 23.6 37.3 778 | 1245 | 98.3 78.7 85.8 200.5 110.7 415 254 20.9 20.4 17.8 17.2 194 1000
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Table 8.7:  Annual significant wave height and direction jegmbbability at site Ref-1n parts-per-thousand (ppt). For example, 14.3ipeguivalent to

1.43%.
Wave direction (' °T)
348.75 | 11.25 | 33.75 | 56.25 | 78.75 101.25 | 123.75 | 146.25 | 168.75 | 191.25 | 213.75 | 236.25 | 258.75 | 281.25 | 303.75 | 326.25
to to to to to to to to to to to to to to to to SUM
11.25 33.75 [ 56.25 | 78.75 | 101.25 | 123.75 | 146.25 | 168.75 | 191.25 | 213.75 | 236.25 | 258.75 | 281.25 | 303.75 | 326.25 | 348.75
>0 <05 14.3 15.9 221 26.2 16.3 19.3 36.9 17.5 6.4 4.3 3.8 4.6 8.7 13.1 14.9 14.3 238.6
>05 <1 22.4 36.5 60.2 70 34.8 29.4 61.9 29.8 14.2 10.2 10.6 12.3 24.1 30.7 20.4 18.3 485.8
| >1 <15 1.8 6.8 25.8 47.1 28.5 16.4 17.1 11 6.7 4.9 3.3 3 2.8 2.7 0.8 0.4 179.1
:E/ >15 <2 0 0.4 6.9 19.9 14.4 10.4 55 1.4 1.8 1.3 0.6 0.2 0 0 0 0 62.8
% >2 <25 0 0 1.8 4.1 7.1 6.8 1.3 1 0.7 0.1 0 0 0 0 0 0 22.9
i >25 <3 0 0 0.2 15 2.6 3.1 0.2 0 0 0 0 0 0 0 0 0 7.6
§ >3 <35 0 0 0 1 0.1 0.7 0 0 0 0 0 0 0 0 0 0 1.8
% >35 <4 0 0 0 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0.3
% >4 <45 0 0 0 0.1 0.1 0.2 0 0 0 0 0 0 0 0 0 0 0.4
% >45 <5 0 0 0 0.1 0.1 0.2 0 0 0 0 0 0 0 0 0 0 0.4
>5 <55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>55 <6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SUM 38.5 59.6 117 | 170.1 | 104.1 86.6 122.9 60.7 29.8 20.8 18.3 20.1 35.6 46.5 36.1 33 1000
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8.6 Effects of dredging on the offshore wave climate

Waves refract, shoal and dissipate as they appithacbhore, and the nearshore wave
climate will respond to changes to the offshorenypaietry. The proposed Harbour
developments include the creation of an offshospakal site (see Section 11.2 for
more details) and a deeper entrance channel—tHemeges have the potential to
influence the adjacent wave climate. To examine quantify these changes, the
numerical wave hindcast model was used to simulaees over a 5-year period
(2003-2007) using the modified bathymetry (initeddannel design), and then the
model outputs were compared directly with the éxgsbathymetry simulation. The
existing and proposed bathymetries are illustratdelgure 8.1 (panel C and D), while
Figure 8.8 illustrates the difference in the bathymes used (positive depth change for
two options for a dredged-material disposal sitel aegative depth change for
dredged areas associated with the 15-m deep Hadbaumel (initial design). Note
the two disposal area options were modelled simatiasly in the wave hindcast
model, assuming the distance between the offshaends in the model would be
sufficient for the effects to be independent.

The comparisons between the mean and maximum isgmifwave heights over the
5-year hindcast are shown on Figures 8.9 and &%&@gctively. The furthest offshore
disposal mound option [A2] on the offshore submetdeeninsula Spit would have
little discernable impact on the wave patternseegtly mean wave height (Fig. 8.9),
while the mound option closer to Taiaroa Head [A&} a minor focussing effect in
the lee of the mound (i.e., to the NW). The biggdstnges associated with dredging
for maximum significant wave heights would be o8hk5% of the wave heights for
the existing situation, and the maps (Figs. 8.938show no evidence of persistent
shoreline effects that would: i) be detrimentabtofing conditions; or ii) give rise to
adverse coastal erosion impacts.

The impacts are further quantified by a detailedlysis of the time-series of wave

hindcast data (existing versus modified) at digcletations along the coast (as shown
on Figure 8.7). Annual, seasonal and monthly sicanit wave height statistics have

been used to quantify the expected changes in #we Weight at various locations

along the coast, and the results are presentedhle3 8.8-8.14.

With regard to coastal effects, there would be rg géight reduction in wave heights
at some locations near the entrance. For examplinei middle of Aramoana Beach
(coastal site A2 on Fig. 8.7 and Table 8.10) tlicéon in height would be around
0.01 m for a dredged channel associated with the teep Harbour channel option.
At Shelly Beach near The Mole (coastal site B1 @n 8.7 and Table 8.14) the wave
height reduction would be around 0.02-0.04 m. Thefsects would be due to the
dredged approach channel and wave refraction dwvemearshore disposal mound
option (Fig. 8.10).
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Following subsequent fine-tuning of the initial aonal design, minor changes were
made to the channel dimensions resulting in a sligduction of 6% in the overall
volume to be dredged for the final channel dedigthe offshore half of the approach
channel where the wave exposure is greatest, theneh design depths remain the
same as that modelled (17.5 m relative to Charuatbut the width at the offshore
end has been reduced.

Notably, the disposal mounds that have been matlalhe discussed above represent
the original base-case assessment, which is somiarg#r by volume. Accordingly,
these wave model results provide a more conseevastimate of the effects for the
modifications to the channel design. Because thenchovill be around 6% lower (but
same area), the effects on the wave climate wilebgened somewhat.

The wave modelling also included the effect of wasfaction due to the ebb and

flood tidal currents. These flow patterns for thaf dredged channel design will vary

only slightly from the modelled configurations (g.ghannel depths are the same in
the approach channel), and are not expected to stemen any significant change in

the results of effects on inshore wave patterns.

A2

Depth differenct (m) 2 0 2 4 6

50 25 0 Kilometers

Bathymetry difference between the existing bathyynand proposed modifications
for the dredged 15-m option (initial design) ana wisposal area options, Al and A2.
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Figure 8.9:  Meansignificant wave height (m) over 2003-2007 for ¢hésting (A) and modified
(B) bathymetries, plus the predicted differencesi@an wave height (C).
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Figure 8.10: Maximum significant wave height (m) for 2003-2007 for teeisting (A) and
modified (B) bathymetries, plus the differencesnaximum wave height (C).
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Table 8.8: Annual, seasonally and monthly wave statisticgHerexisting and proposed bathymetry at site ADGP{BIso known as disposal site Al).
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
ADCP-DM | Existing [Proposed pifference Hxisting Pfopo sed [ Difference |Existing Proposed Difference istin g | Proposed |Difference [Existing HRroposed Djfference Mean
Annual 1.06 1.07 0.01 0.93 0.94 0.01 1.78 1.80 0.02 2.13 2.15 0.02 2.93 2.97 0.04 0.02
Winter 1.22 1.24 0.02 1.06 1.07 0.01 2.13 2.16 0.03 2.59 2.62 0.03 3.39 3.46 0.07 0.03
Autumn 1.09 1.10 0.01 0.96 0.97 0.01 1.85 1.87 0.02 2.19 2.22 0.03 2.93 2.98 0.05 0.02
Spring 0.95 0.96 0.01 0.87 0.88 0.01 1.53 1.54 0.01 1.78 1.80 0.02 2.37 2.40 0.03 0.02
Summer 0.97 0.97 0.00 0.86 0.87 0.01 1.60 1.61 0.01 1.88 1.89 0.01 2.69 2.71 0.02 0.01
January 0.91 0.92 0.01 0.79 0.79 0.00 1.48 1.48 0.00 1.81 1.81 0.00 2.90 291 0.01 0.00
February 1.04 1.05 0.01 0.94 0.95 0.01 171 1.72 0.01 191 191 0.00 2.67 2.68 0.01 0.01
March 1.00 1.01 0.01 0.88 0.88 0.00 1.62 1.63 0.01 2.02 2.03 0.01 2.90 2.95 0.05 0.02
April 1.12 1.14 0.02 0.95 0.96 0.01 2.02 2.05 0.03 241 2.44 0.03 3.14 3.20 0.06 0.03
May 1.14 1.15 0.01 1.05 1.07 0.02 1.84 1.85 0.01 2.05 2.08 0.03 2.61 2.65 0.04 0.02
June 1.18 1.19 0.01 1.07 1.08 0.01 1.89 1.90 0.01 244 2.48 0.04 3.40 347 0.07 0.03
July 1.16 1.17 0.01 0.99 1.00 0.01 2.04 2.07 0.03 2.29 231 0.02 3.19 3.19 0.01 0.01
August 1.32 1.34 0.02 1.16 1.17 0.01 2.46 2.48 0.02 2.82 2.86 0.04 3.44 3.51 0.06 0.03
September 0.99 1.00 0.01 0.87 0.88 0.01 1.64 1.66 0.02 2.03 2.06 0.03 2.68 2.73 0.05 0.02
October 0.95 0.96 0.01 0.88 0.89 0.01 1.53 1.54 0.01 1.73 1.74 0.01 2.10 2.10 0.00 0.01
November 0.91 0.91 0.00 0.85 0.86 0.01 1.46 1.48 0.02 1.65 1.66 0.01 2.05 2.07 0.02 0.01
December 0.97 0.97 0.00 0.85 0.85 0.00 1.65 1.66 0.01 1.90 1.92 0.02 2.27 2.30 0.03 0.01
Mean 0.01 0.01 0.02 0.02 0.04
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Table 8.9: Annual, seasonally and monthly wave statisticgerexisting and proposed bathymetry at site Réfahdfall Tower).
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)

Ref-1 Existing |Proposed pifference Hxisting Pfopose d | Difference [Existing Proposed Difference Ekisting Proposed |Difference [Existing Hroposed Djfference Mg an
Annual 0.85 0.86 0.01 0.74 0.74 0.00 1.49 1.50 0.01 1.81 1.83 0.02 2.53 2.53 0.00 0.01
Winter 0.98 0.99 0.01 0.84 0.85 0.01 1.83 1.84 0.01 2.22 2.24 0.02 2.84 2.79 -0.05 0.00
Autumn 0.86 0.86 0.00 0.74 0.74 0.00 1.49 1.49 0.00 1.78 1.79 0.01 2.60 2.61 0.01 0.00
Spring 0.75 0.75 0.00 0.68 0.68 0.00 1.22 1.22 0.00 1.42 1.43 0.01 1.98 1.99 0.01 0.00
Summer 0.82 0.83 0.01 0.70 0.70 0.00 1.45 1.47 0.02 1.68 1.69 0.01 2.30 2.27 -0.03 0.00
January 0.80 0.80 0.00 0.67 0.67 0.00 1.38 1.39 0.01 1.64 1.63 -0.01 2.74 2.73 -0.01 0.00
February 0.87 0.88 0.01 0.77 0.77 0.00 1.53 1.55 0.02 1.75 1.79 0.04 2.10 2.10 0.00 0.01
March 0.81 0.81 0.00 0.69 0.69 0.00 131 1.33 0.02 1.59 1.60 0.01 2.79 291 0.12 0.03
April 0.86 0.86 0.00 0.72 0.72 0.00 1.61 1.62 0.01 2.03 2.04 0.01 2.65 2.67 0.02 0.01
May 0.91 0.91 0.00 0.81 0.82 0.01 1.53 1.55 0.02 1.72 1.72 0.00 2.02 2.03 0.01 0.01
June 0.89 0.89 0.00 0.81 0.81 0.00 151 151 0.00 1.88 1.88 0.00 2.36 2.36 0.00 0.00
July 0.95 0.96 0.01 0.82 0.82 0.00 1.79 1.80 0.01 2.09 2.17 0.08 3.10 3.09 -0.01 0.02
August 1.11 1.11 0.00 0.93 0.93 0.00 2.18 2.19 0.01 2.42 2.37 -0.05 2.98 2.92 -0.07 -0.02
September 0.80 0.80 0.00 0.72 0.72 0.00 1.30 1.31 0.01 1.53 1.53 0.00 2.13 2.10 -0.03 0.00
October 0.75 0.75 0.00 0.68 0.68 0.00 121 121 0.00 141 1.42 0.01 1.97 1.97 0.00 0.00
November 0.69 0.69 0.00 0.64 0.64 0.00 111 111 0.00 1.34 1.34 0.00 1.73 1.75 0.02 0.00
December 0.80 0.80 0.00 0.68 0.68 0.00 1.42 1.43 0.01 1.63 1.64 0.01 1.93 2.02 0.09 0.02
Mean 0.00 0.00 0.01 0.01 0.00
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Table 8.10:  Annual, seasonally and monthly wave statisticderexisting and proposed bathymetry at coas@lrsd.
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
A2 Existing |Proposed pifference Existing Pfoposed D ifference |Existing Proposed Difference Kisting  Prp posed | Difference |Existing [Proposed DOifference Pan
Annual 0.60 0.59 -0.01 0.46 0.46 0.00 1.20 1.20 0.00 1.49 1.48 -0.01 2.04 2.04 0.00 0.00
Winter 0.68 0.68 0.00 0.52 0.51 -0.01 1.42 141 -0.01 1.77 1.76 -0.01 2.17 2.16 -0.01 -0.01
Autumn 0.60 0.59 -0.01 0.47 0.46 -0.01 1.18 1.17 -0.01 1.43 1.43 0.00 2.18 2.16 -0.02 -0.01
Spring 0.50 0.49 -0.01 0.40 0.40 0.00 0.96 0.95 -0.01 1.17 1.17 0.00 1.61 1.60 -0.01 -0.01
Summer 0.61 0.60 -0.01 0.48 0.47 -0.01 124 1.24 0.00 1.48 1.48 0.00 1.86 1.86 0.00 0.00
January 0.60 0.60 0.00 0.48 0.48 0.00 124 1.23 -0.01 1.50 1.50 0.00 1.98 1.98 0.00 0.00
February 0.66 0.66 0.00 0.54 0.54 0.00 1.38 1.38 0.00 1.56 1.55 -0.01 1.84 1.84 0.00 0.00
March 0.59 0.59 0.00 0.46 0.45 -0.01 1.13 1.13 0.00 1.37 1.36 -0.01 2.44 2.44 0.00 -0.01
April 0.55 0.55 0.00 0.41 0.40 -0.01 1.09 1.08 -0.01 151 151 0.00 2.09 2.10 0.01 0.00
May 0.65 0.64 -0.01 0.56 0.55 -0.01 1.23 1.23 0.00 1.42 141 -0.01 1.76 1.75 -0.01 -0.01
June 0.57 0.57 0.00 0.46 0.45 -0.01 1.03 1.03 0.00 1.38 1.38 0.00 2.02 2.02 0.00 0.00
July 0.69 0.68 -0.01 0.51 0.50 -0.01 1.42 1.41 -0.01 1.91 1.91 0.00 2.45 2.44 -0.01 -0.01
August 0.79 0.78 -0.01 0.63 0.62 -0.01 161 1.60 -0.01 1.82 1.81 -0.01 2.18 217 -0.01 -0.01
September 0.57 0.56 -0.01 0.49 0.49 0.00 1.09 1.08 -0.01 1.23 1.22 -0.01 1.60 1.59 -0.01 -0.01
October 0.50 0.50 0.00 0.41 0.41 0.00 0.94 0.94 0.00 1.21 1.20 -0.01 1.63 1.62 -0.01 0.00
November 0.43 0.42 -0.01 0.34 0.34 0.00 0.80 0.80 0.00 1.05 1.04 -0.01 1.61 1.60 -0.01 -0.01
December 0.56 0.55 -0.01 0.43 0.43 0.00 1.16 1.15 -0.01 1.35 1.35 0.00 1.86 1.87 0.01 0.00
Mean -0.01 -0.01 -0.01 -0.01 -0.01
Port of Otago Dredging Project: Harbour and Offghidiodelling 181




—NIWA_—

MET) OCEAN . :
v | SOLUTIONS LTD Taihoro Nukurangi
Table 8.11:  Annual, seasonally and monthly wave statisticgHerexisting and proposed bathymetry at coaselist
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
A6 Existing |Proposed pifference Existing Pfoposed D ifference |Existing Proposed Difference Kisting  Prp posed | Difference |Existing Proposed Difference Mpan
Annual 0.43 0.42 -0.01 0.36 0.36 0.00 0.78 0.78 0.00 0.96 0.95 -0.01 1.32 131 -0.01 -0.01
Winter 0.48 0.48 0.00 0.40 0.40 0.00 0.93 0.92 -0.01 1.16 1.15 -0.01 141 141 0.00 0.00
Autumn 0.43 0.43 0.00 0.36 0.36 0.00 0.76 0.76 0.00 0.92 0.91 -0.01 1.40 1.39 -0.01 0.00
Spring 0.37 0.37 0.00 0.33 0.33 0.00 0.64 0.64 0.00 0.77 0.77 0.00 1.03 1.03 0.00 0.00
Summer 0.42 0.42 0.00 0.36 0.36 0.00 0.81 0.80 -0.01 0.95 0.95 0.00 1.20 1.20 0.00 0.00
January 0.42 0.42 0.00 0.36 0.36 0.00 0.80 0.80 0.00 0.95 0.95 0.00 1.28 1.28 0.00 0.00
February 0.46 0.46 0.00 0.39 0.39 0.00 0.89 0.89 0.00 0.99 0.99 0.00 1.17 1.16 -0.01 0.00
March 0.42 0.42 0.00 0.35 0.35 0.00 0.73 0.73 0.00 0.88 0.88 0.00 1.65 1.64 -0.01 0.00
April 0.40 0.39 -0.01 0.32 0.32 0.00 0.73 0.73 0.00 0.96 0.95 -0.01 1.34 1.32 -0.02 -0.01
May 0.46 0.46 0.00 0.42 0.42 0.00 0.80 0.79 -0.01 0.91 0.91 0.00 1.09 1.09 0.00 0.00
June 0.43 0.42 -0.01 0.39 0.39 0.00 0.70 0.70 0.00 0.90 0.90 0.00 1.33 1.33 0.00 0.00
July 0.48 0.48 0.00 0.40 0.40 0.00 0.92 0.92 0.00 1.24 1.24 0.00 1.60 1.60 0.00 0.00
August 0.54 0.53 -0.01 0.44 0.43 -0.01 1.05 1.04 -0.01 1.18 1.18 0.00 1.43 1.43 0.00 -0.01
September 0.42 0.42 0.00 0.39 0.39 0.00 0.70 0.70 0.00 0.81 0.80 -0.01 1.02 1.02 0.00 0.00
October 0.37 0.36 -0.01 0.32 0.32 0.00 0.61 0.61 0.00 0.76 0.76 0.00 1.06 1.05 -0.01 0.00
November 0.33 0.33 0.00 0.29 0.29 0.00 0.55 0.55 0.00 0.70 0.70 0.00 1.01 1.01 0.00 0.00
December 0.40 0.40 0.00 0.34 0.34 0.00 0.73 0.73 0.00 0.86 0.86 0.00 1.20 1.19 -0.01 0.00
Mean 0.00 0.00 0.00 0.00 0.00
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Table 8.12:  Annual, seasonally and monthly wave statisticdHerexisting and proposed bathymetry at coas@lAd.
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
A8 Existing |Proposed Ppifference Hxisting Pfoposed D ifference |Existing [Proposed Difference Kisting  Prp posed | Difference |Existing [Proposed DOifference Pan
Annual 0.52 0.51 -0.01 0.40 0.40 0.00 1.03 1.02 -0.01 1.26 1.26 0.00 1.68 1.68 0.00 0.00
Winter 0.59 0.59 0.00 0.45 0.45 0.00 1.19 1.18 -0.01 1.44 1.44 0.00 191 1.90 -0.01 0.00
Autumn 0.52 0.52 0.00 0.41 0.41 0.00 1.01 1.00 -0.01 1.23 1.23 0.00 1.82 1.82 0.00 0.00
Spring 0.43 0.43 0.00 0.35 0.35 0.00 0.82 0.82 0.00 1.00 1.00 0.00 1.36 1.36 0.00 0.00
Summer 0.52 0.52 0.00 0.41 0.41 0.00 1.06 1.06 0.00 1.26 1.26 0.00 161 161 0.00 0.00
January 0.52 0.52 0.00 0.42 0.42 0.00 1.05 1.05 0.00 1.29 1.28 -0.01 1.76 1.76 0.00 0.00
February 0.56 0.56 0.00 0.47 0.47 0.00 1.11 1.11 0.00 1.31 1.31 0.00 1.61 1.61 0.00 0.00
March 0.51 0.51 0.00 0.39 0.39 0.00 0.96 0.95 -0.01 1.14 1.14 0.00 2.02 2.03 0.01 0.00
April 0.48 0.48 0.00 0.35 0.35 0.00 0.95 0.95 0.00 1.29 1.28 -0.01 1.70 1.70 0.00 0.00
May 0.56 0.56 0.00 0.48 0.48 0.00 1.08 1.08 0.00 1.22 1.22 0.00 1.52 1.52 0.00 0.00
June 0.50 0.49 -0.01 0.40 0.40 0.00 0.90 0.90 0.00 1.16 1.16 0.00 1.66 1.66 0.00 0.00
July 0.59 0.59 0.00 0.44 0.44 0.00 1.16 1.15 -0.01 1.51 1.51 0.00 2.28 2.28 0.00 0.00
August 0.67 0.67 0.00 0.55 0.55 0.00 1.33 1.32 -0.01 1.50 1.49 -0.01 1.95 1.94 -0.01 -0.01
September 0.49 0.48 -0.01 0.42 0.42 0.00 0.91 0.91 0.00 1.05 1.05 0.00 1.32 1.32 0.00 0.00
October 0.44 0.44 0.00 0.35 0.35 0.00 0.82 0.82 0.00 1.00 0.99 -0.01 1.45 1.44 -0.01 0.00
November 0.37 0.37 0.00 0.30 0.30 0.00 0.67 0.67 0.00 0.88 0.88 0.00 1.35 1.35 0.00 0.00
December 0.49 0.48 -0.01 0.38 0.38 0.00 1.01 1.01 0.00 1.18 1.18 0.00 1.50 1.50 0.00 0.00
Mean 0.00 0.00 0.00 0.00 0.00
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Table 8.13:  Annual, seasonally and monthly wave statisticdHerexisting and proposed bathymetry at coadwlAdgi2.
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
Al2 Existing |Proposed pifference Hxisting Pfoposed Difference |Existing [Proposed [Difference Xisting Pr| oposed |Difference |Existing Froposed Diifference Pan
Annual 0.46 0.46 0.00 0.31 0.31 0.00 1.10 1.10 0.00 1.38 1.38 0.00 1.94 194 0.00 0.00
Winter 0.54 0.54 0.00 0.37 0.37 0.00 1.30 1.30 0.00 1.65 1.65 0.00 2.05 2.04 -0.01 0.00
Autumn 0.45 0.45 0.00 0.30 0.30 0.00 1.06 1.06 0.00 1.33 1.33 0.00 2.09 2.09 0.00 0.00
Spring 0.35 0.35 0.00 0.23 0.23 0.00 0.84 0.84 0.00 1.07 1.07 0.00 1.49 1.49 0.00 0.00
Summer 0.49 0.49 0.00 0.35 0.35 0.00 1.15 1.15 0.00 1.39 1.40 0.01 1.80 1.80 0.00 0.00
January 0.50 0.50 0.00 0.36 0.36 0.00 1.13 1.13 0.00 1.35 1.35 0.00 1.86 1.85 -0.02 0.00
February 0.55 0.55 0.00 0.42 0.42 0.00 1.29 1.29 0.00 1.46 1.46 0.00 1.74 1.74 0.00 0.00
March 0.45 0.45 0.00 0.30 0.30 0.00 1.03 1.03 0.00 1.28 1.28 0.00 2.38 2.37 -0.01 0.00
April 0.42 0.42 0.00 0.24 0.24 0.00 0.93 0.93 0.00 1.45 1.45 0.00 2.07 2.07 0.00 0.00
May 0.49 0.49 0.00 0.39 0.39 0.00 1.10 1.09 -0.01 1.28 1.28 0.00 1.59 1.59 0.00 0.00
June 0.40 0.40 0.00 0.27 0.28 0.01 0.92 0.93 0.01 1.19 1.19 0.00 1.80 1.80 0.00 0.00
July 0.56 0.56 0.00 0.36 0.36 0.00 1.40 1.40 0.00 1.86 1.86 0.00 2.29 2.28 -0.01 0.00
August 0.66 0.66 0.00 0.52 0.52 0.00 147 147 0.00 171 1.70 -0.01 2.00 1.99 -0.01 0.00
September 0.40 0.40 0.00 0.28 0.28 0.00 0.95 0.95 0.00 111 111 0.00 1.52 1.52 0.00 0.00
October 0.37 0.37 0.00 0.25 0.25 0.00 0.84 0.84 0.00 1.08 1.08 0.00 1.48 1.48 0.00 0.00
November 0.29 0.29 0.00 0.18 0.18 0.00 0.66 0.65 -0.01 0.95 0.94 -0.01 1.48 1.49 0.01 0.00
December 0.44 0.44 0.00 0.28 0.28 0.00 1.05 1.05 0.00 1.28 1.28 0.00 1.86 1.86 0.00 0.00
Mean 0.00 0.00 0.00 0.00 0.00
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Table 8.14:  Annual, seasonally and monthly wave statisticgtierexisting and proposed bathymetry at coaseBsit
Mean (m) Median (m) 90th percentile (m) 95th perce ntile (m) 99th percentile (m)
B1 Existing |Proposed pifference Existing Pfoposed D ifference |Existing [Proposed Difference Ekisting Prp posed | Difference |Existing Proposed Difference Mpan
Annual 0.28 0.26 -0.02 0.21 0.20 -0.01 0.57 0.54 -0.03 0.71 0.67 -0.04 0.99 0.94 -0.05 -0.03
Winter 0.32 0.30 -0.02 0.24 0.23 -0.01 0.66 0.62 -0.04 0.82 0.78 -0.04 1.08 1.05 -0.03 -0.03
Autumn 0.28 0.26 -0.02 0.21 0.20 -0.01 0.56 0.54 -0.02 0.69 0.66 -0.03 1.06 1.00 -0.06 -0.03
Spring 0.23 0.21 -0.02 0.18 0.16 -0.02 0.47 0.45 -0.02 0.56 0.54 -0.02 0.80 0.77 -0.03 -0.02
Summer 0.29 0.27 -0.02 0.22 0.21 -0.01 0.60 0.57 -0.03 0.72 0.68 -0.04 0.93 0.90 -0.03 -0.03
January 0.28 0.26 -0.02 0.23 0.21 -0.02 0.59 0.55 -0.04 0.72 0.69 -0.03 1.06 1.03 -0.03 -0.03
February 0.32 0.30 -0.02 0.25 0.24 -0.01 0.66 0.62 -0.04 0.77 0.73 -0.04 0.91 0.89 -0.02 -0.03
March 0.28 0.26 -0.02 0.21 0.20 -0.01 0.55 0.52 -0.03 0.67 0.64 -0.03 1.24 1.16 -0.08 -0.03
April 0.25 0.24 -0.01 0.18 0.16 -0.02 0.53 0.50 -0.03 0.69 0.65 -0.04 0.99 0.94 -0.05 -0.03
May 0.30 0.28 -0.02 0.25 0.24 -0.01 0.60 0.57 -0.03 0.70 0.67 -0.03 0.89 0.86 -0.03 -0.02
June 0.26 0.25 -0.01 0.21 0.19 -0.02 0.52 0.50 -0.02 0.66 0.62 -0.04 0.96 0.91 -0.05 -0.03
July 0.32 0.30 -0.02 0.25 0.23 -0.02 0.65 0.62 -0.03 0.89 0.83 -0.06 1.23 1.18 -0.05 -0.04
August 0.36 0.34 -0.02 0.30 0.28 -0.02 0.74 0.69 -0.05 0.83 0.79 -0.04 111 1.08 -0.03 -0.03
September 0.26 0.25 -0.01 0.23 0.21 -0.02 0.51 0.50 -0.01 0.58 0.57 -0.01 0.75 0.72 -0.03 -0.02
October 0.23 0.22 -0.01 0.18 0.16 -0.02 0.46 0.44 -0.02 0.57 0.54 -0.03 0.86 0.84 -0.02 -0.02
November 0.19 0.18 -0.01 0.15 0.13 -0.02 0.39 0.37 -0.02 0.50 0.47 -0.03 0.79 0.75 -0.04 -0.02
December 0.26 0.24 -0.02 0.20 0.19 -0.01 0.55 0.53 -0.02 0.68 0.65 -0.03 0.89 0.83 -0.06 -0.03
Mean -0.02 -0.02 -0.03 -0.03 -0.04
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9. Harbour wind-wave modelling

9.1 Introduction

Harbour wind-wave modelling was undertaken for peposes of characterising the
wave climate within the Lower Harbour, and ideritifythe influence of various wind

directions and speeds on wave generation. The mhugl@las only undertaken on the
existing channel bathymetry grid as changes inifsigmt wave heights would be

small (less than a few cm) for a deeper channed fEasoning is that short-period
wind waves are not limited or influenced much bg thrger depths (e.g., >12 m as in
the existing channel or dredged channel option)tterrelatively short wind fetches

that occur in the Lower Harbour.

The wave information for different wind velocitiegas used by Port Otago Ltd. for
ship-handling assessments. However it also providgights into the influence the
Harbour orientation, channel alignment and varythgpths have on the spatial
distribution of waves within the Lower Harbour.

9.2 Lower Harbour wave model set-up

Wind wave generation within the Lower Harbour regigigure 9.1) was simulated
with the SWAN model (see Section 8.1) for the emgsthannel regime. Hourly data
from the wind station at Taiaroa Head (May 2003May 2008) were used to
characterise the wind regime. Extreme events farewaodelling were defined as the
99" percentile wind-speed exceedance velocity for eafcthe directional octants.
These wave scenarios were modelled at Mean HigeM&idring (MHWS) to allow
maximum wind fetch.

Port of Otago Dredging Project: Harbour and Offehidiodelling 186



MET) OcEAN —NIA_—
\ A S0LUTONS LTD Taihoro Nukurangi

\\\\LJ///

Taiaroa-| Head Wlnd atlon

Figure 9.1:  Area used to model wind-generated waves in the Ldwarbour including relative
shading to represent the bathymetry (for the exdsthannel) and the location of the
Taiaroa Head wind station.

9.3 Lower Harbour wind-generated waves

The area encompassed by the lower section of Qtagbour is sufficiently large
enough to allow wind-generated waves to develom toonsiderable size. It is of
interest to the project to quantify the likely magde of these waves under highly-
energetic wind conditions.

Wind data from the Taiaroa Head station for May 208 May 2008 are presented as
a wind rose in Figure 9.2, and the annual 10-mimited speed statistics for each
directional octant are presented Table 9.1.

The wind speed and wind direction joint-probabitiigtribution is given in Table 9.2.
The 99" percentile level was used to characterise thegetierconditions for wave
modelling. While the Taiaroa Heads winds data duogisrepresent the true spatial
wind conditions at the 10 m reference elevationr dlie Harbour, it does provide a
realistic level for a saturated wind-wave generatdimulation. The Taiaroa Head
wind data indicate that the 9®ercentile wind speeds from the west are the g&sn
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(25.2 m/s), while winds from the north have thehleist probability of occurrence (~28
%).

Example wave model results for significant wavegheifor the 98 percentile
northerly wind condition are presented in Figurg, &ind the westerly condition in
Figure 9.4. These results clearly show the fetatitditions to wave growth and the
attenuation that occurs over the shallow intertidaeas. The wind-generated
significant wave heights along the centre-linete# shipping channel (e.g., Fig. 9.5)
are presented in Figure 9.6 for each of the dibeali octants at their respective™9
percentile wind speeds. This transect begins aPtre Chalmers Turning Basin and
extends to the offshore breakwater (The Mole) atahtrance to Otago Harbour. The
largest significant wave height along this transeaiches ~1.2 m for a 99-percentile
wind speed from due west, and occurs in the arétaghgton Bend (see Figure 9.4).

Annual wind statistics from Taiaroa Head (May 2G063May 2008) by directional
octant.

Wind speed Mean Median 90th 95th 99th
(m/s) (m/s) percentile percentile percentile
wind direction (m/s) (m/s) (m/s)
North (337.5%-22.59 51 4.1 10.3 11.8 14.9
North-East (22.5%67.59 6.2 5.7 10.8 124 14.9
East (67.5>112.59 4.4 3.6 8.2 9.8 15.4
South-East (112.5%157.59 5.6 5.7 9.3 10.8 16.5
South (157.5%-202.59 5.8 5.7 9.3 10.8 14.9
South-West (202.5%-247.59 7.7 7.2 13.9 154 19.6
West (247.5%-292.59 11.0 10.8 19.0 21.6 25.2
North-West (292.5%-337.59 4.9 3.6 9.8 12.4 18.5
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Table 9.2: Wind speed and direction joint-probability distrilaun in parts-per-thousand (ppt). For
example, 3.8 ppt is equivalent to 0.38%.

Speed Wind direction (degrees)
(m/s)
337.5t0 225t0 | 67.5t0 | 1125t0 157.5to 202.5t0 247510 2925t0 | SUM
22.5 67.5 112.5 157.5 202.5 247.5 292.5 337.5
>0 <=1 46.6 3.8 2.8 11 15 3.8 4.1 3.2 67
>1 <=2 13.6 6.3 3.6 11 21 7.5 43 43 43
>2 <=3 33.1 18.9 10.7 1.9 43 15.9 7.9 9.5 102
>3 <=4 35.9 20 12.1 2.6 5.2 15.4 7.3 6.9 105
>4 <=5 30.2 17 9.4 3 5.6 16.4 7.3 5.7 95
>5 <=6 25.1 16 6.8 34 7.1 15.8 7.5 5 87
>6 <=7 19.3 15.1 4 3.1 6.6 16.2 8.5 3.9 77
>7 <=8 16.1 15.1 2.1 2.4 55 17.2 8.5 3.1 70
>8 <=9 13 14 21 1.8 4.2 14.9 8.4 1.4 60
>9 <=10 10.3 12.9 1.6 11 3.2 13.6 8.4 1.6 53
>10<=11 9.1 11.2 1.2 0.5 21 14.2 8.8 1.3 48
>11<=12 7.9 6.3 0.6 0.5 1.3 10.9 9.6 0.8 38
>12<=13 5.2 5.1 0.4 0.3 0.8 10.3 9.2 0.8 32
>13<=14 3.7 3 0.4 0.1 0.5 8 10 0.5 26
>14<=15 24 2.3 0.3 0.2 0.3 6.8 8.9 0.4 22
>15<=16 2 1.6 0.3 0.1 0.3 55 8.4 0.3 19
>16 <=17 0.8 0.9 0.3 0.1 0.2 4.1 7.3 0.3 14
>17<=18 0.6 0.2 0.2 0.1 0.1 25 6 0.1 10
>18<=19 0.3 0.2 0.1 0 0 2.2 53 0.2 8
>19<=20 0.2 0.3 0.1 0 0.1 1.4 2.8 0 5
>20<=21 0.1 0.1 0.1 0 0 1.4 4.1 0.1 6
>21<=22 0 0.1 0 0 0 1 2.9 0.1 4
> 22 <=23 0 0 0 0 0 0.6 1.9 0 3
>23<=24 0 0 0 0 0 0.5 1.7 0.1 2
> 24 <=25 0 0 0 0 0 0.3 1.2 0 2
>25<=26 0 0 0 0 0 0.3 1.2 0 2
> 26 <= 27 0 0 0 0 0 0.1 0.4 0 1
> 27 <=28 0 0 0 0 0 0 0.4 0 0
>28<=29 0 0 0 0 0 0.1 0.3 0 0
>29<=30 0 0 0 0 0 0 0.2 0 0
>30<=31 0 0 0 0 0 0 0.1 0 0
SUM 276 170 59 23 51 207 163 50 1000
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Figure 9.2:  Taiaroa Head wind-rose for the period May 2003-N289p8. The top wind-speed
category at the end of each sector bar is for wpwbds11.1 m/s.
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Figure 9.3:  Wind-generated significant wave heights from thB pércentile northerlyvinds.
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Figure 9.4:  Wind-generated significant wave heights from th& pércentile westerlyinds.
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Figure 9.5:  Significant wave heights were extracted along tfsissect.
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Figure 9.6:  Wind-generated significant wave heights along thigmng channel (starting at the
Port Chalmers Turning Basin) under thé"g@ercentile wind speed for each of the
directional octants.

9.4 Summary

Wave modelling results show the highest waves enLtbwer Harbour originate from

westerly winds (highest waves) and south-westerfiesxt highest) and also the
strongest winds blow from these directions. These@minant winds, combined with
the geographical alignment of the Lower Harbour a@hipoping channel and the
associated wind fetches over open-water pathwagsultr in the largest wind-

generated waves occurring in the channel reach ffonss Channel through to and
around Harington Bend. The largest significant wlasmght reaches approximately 1.2
m in the Harington Bend area for a 99-percentiled\25 m/s or 49 knots) from due
west.

Increases in significant wave height for a 15-mneted option would be quite small
(less than a few cm) in the main channel with rgigle changes outside the footprint
of the proposed widened channel. Wave heightstifrelto existing conditions) would
change most in two specific areas where the chaerels (east side of Turning Basin
and north side of Harington Bend) would be subg&iliyntdredged from approximately
intertidal depths presently to the new channel labgth or lesser depth if on the
batter side-slope. In this case, these localisedsawould begin to experience similar
wave characteristics to the existing channel (beeatney would be deeper and
amalgamated with the main channel), rather thanintestidal depth-limited waves
experienced presently.
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10. Offshore hydrodynamic model
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Figure 10.1:
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Offshore hydrodynamic model set-up

The 3-dimensional DHI MIKE-3 Flexible Mesh (FM)model was used to simulate
current flows on the Otago shelf. A flexible mestmprising triangular elements was
constructed from the bathymetry datasets describe8ection 3, with the depth
contours within the model domain shown in Figurell® closer view of the final

mesh layout in the region of Otago Heads is showirigure 10.2. The southern
coastal boundary point in the model grid was aefidiver mouth (—46.053°N) and
the northernmost was at Shag Point (-45.473°N).

A flexible mesh is conducive to efficient model riimes, by having larger elements

in the offshore area where calculations can be d@bteoader spatial scales, but more
highly resolved in the area of interest using semalements. To further speed up run
times and ease the computational demands for theeguent plume modelling for the

offshore disposal grounds, the mesh inside Otagbdda was made very coarse and a
volume point source was introduced at the Entrdhae matches the ebb and flood

tidal flux in and out of the Harbour. This approaishwarranted as the Harbour

investigations were carried out using a separaib-tésolution model (presented in

earlier sections) and the selection of an appripdasposal ground would be on the
basis of no discernable direct re-entry to the Harlof suspended-sediment plumes.
Therefore in all subsequent plots using the offshoodel, the velocities inside Otago

Harbour should be ignored.
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Extent and location of the offshore hydrodynamid @nd the underlying bathymetry
plotted in WGS-84 coordinates.

18 http://www.dhigroup.com/Software/Marine.aspx
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Figure 10.2: Close-up of the triangular grid of the offshore falnamic model in the area of
interest and the wunderlying bathymetry plotted inG®84 coordinates
(latitude/longitude).

The 3-dimensional MIKE-3 (FM) offshore model simelsthe water column depth in
a sigma-coordinate system, which is simply deteechias the ratio of the total depth
at a grid node. Three depth layers were incorpdratethe model to simulate the
hydrodynamics from wind-generated shear, but wdesrsity stratification was not
included in the simulation on the basis of thedfietsults which showed generally
well-mixed conditions below the top few metreshe tnner shelf area where disposal
would occur (Bell & Hart, 2008). These three vertical layers (L1 to L3) change in
height with total depth, but is always in the feliag ratios: a) Layer 1 (L1) is the
bottom layer (the bottom 20% of the water depth)Layer 2 (L2) is the mid-layer
(the next 50% of the water depth); and; c) Lay€L3 is the surface layer (top 30%
of the water depth).

The offshore hydrodynamic model has 3 open-seadarigs in the model (Fig. 10.1)
that required boundary conditions to be set. ThetfSdoundary was forced by a
spatially varying Southland Current flux (or velggiwith distance offshore that was
constant in time. This prescription for the SoutldlsCurrent velocity was derived
from analysing the output from a larger scale omeROMS model of the Southland

" Further offshore in the core of the Southland €utrr water-column density gradients will
have an influence on currents.
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Current (Dr M. Hadfield, NIWA, pers comm.). The E&®undary was set as a slip
boundary that allows only flows parallel to the bdary (i.e., no inflow or outflow).
The North boundary forcing comprised the tide hetghe series for the deployment
periods being applied at the NE corner of the magen-sea boundaries in tandem
with automatic tilting of the north boundary thatldnces the applied wind stress,
Coriolis effect and tides.

Horizontal eddy diffusivity was implemented basedtbe Smagorinsky formulation
and vertical eddy diffusivity based on a k-epsischeme.

Wind velocity time series for the offshore deploymeeriods were applied over the
entire water surface of the model at each time, siemg measurements from the
Taiaroa Head automatic weather station. A volumerce was introduced at the
Entrance to Otago Harbour to simulate the flood @lpio-tide flows in and out of the
Harbour to obviate the need to model currents tjinout Otago Harbour in what is
essentially an offshore model.

10.2 Offshore model calibration and verification

Several flexible mesh variants and different disttions of Southland Current flux
through the southern boundary of the model werallsited before settling on the
optimal match with the field data observations it &1 (see Bell & Hart, 2008).

Comparisons of the net residual drift during eatkhe first two deployments at Al
with the residual drifts from Run 10 of the offsadrydrodynamic model are shown in
Figure 10.3. The results from this comparison &&d in Table 10.1. The model
under predicts the residual drift for deploymenarid slightly over predicts for the
subsequent deployment at Al, but overall combirilmg two deployments for the
calibration phase shows good agreement in theualsitift (last row for Table 10.1).

There is a slight offset in the model on the dimettof the drift by 12°. However,

considering the comparison is between point measemes by an ADCP at Al versus
a computed velocity over a triangular grid elenthat is about 900 m wide, this is a
reasonable result in an area where the residuatiglwithin an eddy off Taiaroa

Head (Fig. 10.3) is changing significantly over Isgpatial scales in the vicinity of
Al.
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Progressive vector traces covering the observat{@iS) from the first two field

deployments (DP1 and DP2) at site A1l from mid-MaietMay 2008 (Bell & Hart,

2008) versus the traces (dashed) from the offshpdeodynamic model (Runl10) for
DP1 and DP2.

Comparison of the depth-averaged velocity resifiaadeployments 1 & 2 (DP1 &
DP2) at site Al and the calibration run for theshffre hydrodynamic model.

Deployment Measured Modelled Measured Modelled

No. residual at Al residual at Al residual residual
(km/day) (km/day) direction (9 direction (9

1 7.7 6.5 157 146

2 5.2 6.3 159 146

Combined 6.6 6.4 158 146

Figure 10.4a shows the depth-averaged residuatmuuectors computed from the
offshore hydrodynamic model run that covered th&t tiwo deployments of the field
programme at Al from 18 March to 26 May 2008 (Belart, 2008). Fig 10.4b also
shows the locations of current-meter moorings ftben2008 field programme (Bell &
Hart, 2008) and previous moorings in 1988, at Laldfower (LF88) and to the SE
of Taiaroa Head in 1983 (CM83), discussed in Sa@io
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4a: Residual depth-averaged current pattern over ftitialitwo field deployments at Al
from the calibrated Runl0 of the offshore hydrodyita model. [Note: residual
currents inside Otago Harbour should be ignored].
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Figure 10.4b: Current-meter mooring sites plotted on the backdrbghe residual depth-averaged
current pattern over the initial two field deploym at A1 from the calibrated Run10
of the offshore hydrodynamic model. White diamorate from the 2008 field
programme, and yellow diamonds from previous magiim the 1980s.
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Figure 10.4b is also a useful summary plot to fikie the validation of the offshore
hydrodynamic model, as it is the net or residuédaity that ultimately determines the
transport of sediment on the seabed and suspeedadent plumes generated during
the disposal operation. The SSE net current atnPAdomparison with the measured
dataset has been discussed previously (see FR). 20deployment at B1 in Blueskin
Bay coinciding with the first deployment at Al shemva very small net residual
current of about 0.5 km/day that varied by nea@@°lin direction going down the
water column, which is indicative of currents belaggely influenced by wind shear
within the Bay. This matches the small residuaBat computed by the offshore
hydrodynamic model (Fig. 10.4b). A later deploymahB2 (off Heyward Point) at
the end of the 2008 field programme (July), shoaedore consistent residual current
than B1, at an average of 1.7 km/day to the ENEs Watches reasonably well with
the modelled residual current to the east at B2lferMarch-May period (Fig 10.4b),
given the wind is still a major influence on therremts at B2. The net northerly
residual current at Landfall Tower (LF88) of 4.5/kiay (Barnett, 1988) fits in with
the overall residual flow pattern in Figure 4.18b,does the short 4-day deployment at
CMB83 off Otago Heads, where the current was cosrdist flowing in a NE direction
(mean of 40° True North) at a mean speed of 0.2(egsivalent to 17 km/day). In
summary, all the current-meter records fit reastynalell with the residual current
pattern from the calibration period, thus verifyihg pattern relative to measurements
from other time periods.

10.3 Residual (net) circulation on the Otago shelf

For sediment plume and seabed sand transportnibie important to focus on the
residual or net-averaged current rather than famusthe distribution of current
magnitudes and directions at any given time. Adwali current is computed by
averaging the current vectofspeed & direction) from the time series of alldalted
or measured currents at a location by numericad#igipg all the vectors progressively
nose-to-tail, thus taking into account the backwaehd forwards currents, and
arriving at a net residual current vector (speed mragnitude). Figure 10.4a is the
residual current pattern in km/day averaged over fitst two field deployments
spanning a total of 61 days (nominally 2 monthsjrfimid-March to mid-May 2008.

Figure 10.4a reveals several features of the aedragsidual flow patterns on the
Otago inner shelf that improve our understandingmfrthe previous studies
summarised in Section 2.3. The inshore componeuobt(§pical Waters) of the
Southland Current is strong and persistent, pe@fhffom Cape Saunders to the NE,
with the net residual current gradually reducing vielocity as it moves more
northwards over the submergent Peninsula Spiterdlueskin Bay. This outer shelf
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flow pattern is very persistent, although actuatents do vary in speed depending on
winds through Foveaux Strait (Chiswell, 1996), lmeidom flow in the reverse
direction (i.e., to the SE).

On the inner shelf, there is an anticlockwise eddylueskin Bay (Fig. 10.4a) as
deduced by Murdoch et al. (1990), but it is rekljvweak and it sweeps down
through the outer part of Blueskin Bay in depthsgm#ater than 20 m, rather than
sweep along the coastline.

The main feature on the inner shelf, hitherto notwnented, is a relatively small
clockwise eddy of about 5 km in diameter off Ta@tdead, juxtaposed between the
ebb-tide jet from the Harbour entrance and the t8antd Current flow to the NE
offshore. The current-meter mooring site at Al Veasated towards the outer edge of
the Taiaroa Head eddy, giving rise to a persistesidual current to the SE (Bell &
Hart, 2008).

In the nearshore zone along Otago Heads, inclutlifigkcliffe Bay, the depth-
averaged current residual is to the south (Figdd)Q.which is driven by the return
flow of the separation eddy off Cape Saunders. T@sg&lual current only includes the
influences of winds, tides and the Southland Curréfaves and swell also generate
current drift in the nearshore region, with strangevells arriving from the SE
(compared with local seas from the NE) likely tongeate a nearshore wave drift to
the north in the opposite direction to the curresidual (Martin Single, pers. comm.).

104 Appraisal of the offshore hydrodynamic model perfomance

A reasonable calibration of the 3-layer offshor@reglynamic model was achieved
focusing on obtaining a good match with net ordeasl currents. Residual current
patterns and behaviour are more important for longad larger-scale plume and
sediment transport processes offshore, than tiddsr@sponses to winds over short
time scales. Further, the availability of currerdter field data was limited to
measurements at two concurrent sites during th& 86 period, with little historic
data (Bell & Hart, 2008) and the Southland Curientoses a persistent flow stream
to the north-east a few kilometres offshore. Couneatly, the approach of matching
residual currents to calibrate the offshore hydnaaigic model differs from that used
for the Harbour model (Chapter 4), where the fowmas on matching intensely-
sampled tidal data with model results.

Critical to the success in achieving a realisti¢ahaf the modelled residual current to
that measured at the offshore site A1 (30 m dep#s) the ability to derive a realistic
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southern boundary condition to drive the model bprdgifying the spatial variation
along a shore-normal transect of the mean flow ha&f Southland Current from
NIWA'’s ocean circulation models (M. Hadfield; pecemm.).

While the chosen field mooring location (A1) proveeentually to be unsuitable as a
disposal site option (Chapter 11), it proved todmeexcellent location to test and
verify the offshore model because of the complegithat exist there in the circulation
pattern. In this locality, a small-scale clockwesdtly off Taiaroa Heads interacts with
the ebb-tide jet from the Harbour Entrance, lodéhmre winds and the Southland
Current further offshore. At Al, the SSE residuatoft current was reasonably well

predicted after tuning the hydrodynamic model, twindary conditions and its

associated irregular bathymetry grid. If the mogriite had been located further
offshore within the Southland Current, the subdtetiithin the inshore flows may not
have been well resolved, particularly the TaiarceadH eddy, which preferentially

transports material towards the coastline of Othlgads. On the other hand, not
having a mooring further offshore within the maioushland Current flow was not

critical in this project. Sensitivity tests of tbéshore model using realisti@riations

in the spatial distribution and strength of the tBtand Current boundary condition

showed the results on the shelf were relativelgnsgive compared to the situation of
using the mean or average flow of the Southlande&dar Local winds play a role in

modifying the underlying residual currents offshdinat are generated or influenced
by the Southland Current, which the model was alde to mimic.

Overall, the MIKE-3 FM offshore hydrodynamic model performing well in
predicting residual or net currents that specifijciziclude the Southland Current, tides
and local offshore winds. Therefore simulating $@ort of suspended sediment and
long-term sand transport from the preferred dredigposal site can be achieved with
reasonable confidence.
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11. Offshore plume dispersal and deposition

11.1 Plume model set-up

During the disposal operation, when the dredge @ojp emptied at the offshore
disposal site, the following processes would occur:

* a major portion of the released sediment load aelsceapidly en masse to the
seabed and deposits itself there;

e a minor portion of the sediment load goes direatlp suspension (especially
finer size fractions), increasing the concentratidrsuspended material in the
water column and drifts off with the current, disgieg and gradually settling
with time;

» finer material (e.g., silts) within the mass thalid directly to the seabed will
spread out radially along the seabed away fronmntipact zone;

e deposited material can be subsequently resuspemded wave conditions are
sufficient strength to mobilise the seabed surfsegiments and transported by
currents before settling again when conditionsvallo

Figure 11.1: Schematic of a dynamic sediment plume dischargesn fra dredge hopper.
[Source: CIRIA (2000)

The DHI Particle Tracking (PT) module for the Flaei Mesh (FM) version of MIKE-
3 was used simulate the transport and fate of sdgpematerial, and is commonly
used worldwide for modelling or monitoring of dréulg works. The time history of
flow field is supplied from prior runs of MIKE-3 Flih a de-coupled mode.
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The sediment discharge is represented by a finiteber of particles, which are then
transported with the surrounding water body angetised as a result of turbulence
and shearing processes. Several sediment class e be simulated. To each
particle a corresponding sediment class and massassigned such that the total
number of particles of that sediment class sun® tipe total mass discharged for that
sediment class. This mass can change during thdation as a result of deposition
on the seabed. For the plume modelling, due tdliffieulty of predicting what wave
conditions (especially swell) might be present oty duture dredging day of a
particular wind strength and direction, no subsegueave resuspension was included
(but is considered by way of expert comments liaténis Section).

The basic Lagrangian (flow-path tracking) approaskd in the PT module involves
no other discretizations other than those assatiatgh the description of the
bathymetry of the model area and wind, currentwater level fields from the MIKE-
3 model simulations. This concept of particle-tiagk has several advantages
including the elimination of numerical dispersiossaciated with finite-difference
model solutions of the dispersion equations andtimber of tracked particles can be
matched with available computer resources.

The outputs from the PT module are suspended-setlicoacentrations for each size
class over the model domain (Fig. 10.1) at eacle ttep in the model simulation,
with a facility to calculate composite envelopes winimum and maximum
concentrations that occur in eactodel cell at anytime during the simulation aslwel
as the mean concentration in each cell. Unfortipatee new PT flexible-mesh
module does not output deposition on the seabdikéuhe MIKE-21 regular-grid PA
module that was used for the Harbour plume modgliim Chapters 6 & 7).
Consequently, Matlab© software was written to as@lthe XML file generated at the
end of each PT simulation, to calculate the dejawsithickness by including those
particles deposited on the bed and also assumlipguicles remaining in suspension
(mostly near the bed) in any cell would also cdniie to the total deposition in that
cell. This latter assumption is conservative fazaar within a few kilometres of the
disposal site (as the deposition will be somewlgihdr than that modelled), but less
so for the far-field deposition impacts, although reality these thin deposits,
comprising mainly fine or medium silts, will be tporary and continue to be
mobilised by wave activity.

11.1.1 PT plume model parameters

The following plume model parameters were implerérfor the offshore disposal
ground:
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* Sediment classes - 4 sediment size fractions weralated by “particles” in the
discharge with their respective average settlingoity:

o Class 1- fine silt with grain sizes of <0.00625 mm witlsettling velocity
of 5.8x10°> mms.

o0 Class 2- medium silt with grain sizes between 0.00625 @2 mm with
a settling velocity of 0.415 mm/s.

0 Class 3- coarse silt with grain sizes between 0.02 aféZb mm with a
settling velocity of 0.584 mm/s.

0 Class 4- fine sand with grain sizes of >0.0625 mm witbedtling velocity
of 4.11 mm/s.

e Discharge height - set to 5 m below the water serfat the time, which is
applicable to a mid-size trailer suction hoppendder (TSHD).

« Discharge sequence - based on an analysis of dgdgierations by POL, the
discharge at the disposal site was simulated a@-midute slug with a 2-hour
turn-around window before the next disposal comradrand so on. Note: this
average turnaround time was based on a vesseksagmgo the initial disposal
area at Al. The later adoption of a disposal sitthér offshore (see next Section)
could increase the turn-around time by up to 10#fibutes. This slight time
difference between discharges won't affect the rhgoledictions of peak
suspended-sediment concentrations or the depogiitherns.

» Discharge location - specified as a latitude amgjitode in WGS-84 coordinate
system, which is a “point”. Five “points” were setied to cover the finite size of
the disposal ground, which for the 15-m dredgednbboption would require an
area of approximately 2 km in diameter.

« Dredge hopper composition and discharge rates - uar@ants on the likely
sediment composition of a hopper were simulatet Whieir associated discharge
rates in kg/s for each sediment class listed inerah.1. The wet bulk density of
sand in the hopper was assumed to be packed atkp@ed and for silts 1600
kg/m®. The majority of the plume model runs used an @lVexverage hopper
composition, based on a dredging analysis by Ptag®Ltd. that incorporated
the geotechnical findings and sediment size gradumges (Opus International
Consultants, 2008). These averaged hopper simusati@re part of an approach
(see Section 11.3) to integrate the overall sealegisition pattern likely from
the overall dredging programme for the 15-m Harbobannel. In terms of
ascertaining peak suspended-sediment concentradiotiee disposal site, some

Port of Otago Dredging Project: Harbour and Offehidiodelling 203



Table 11.1:

11.2

—NIWA_—

Taihoro Nukurangi

simulations were also performed for a hopper oflpneinantly silt (e.g., sourced
from the Hamilton Bay reach between Beacons 18281)d No allowance was
made in the hopper volumes for the slight reductiorsediment lost through
overflows during dredging of the channel, partidyladredging claims that
would be predominantly in sands but with a smaltfion of silts. However this
makes the results more conservative.

» Dispersion coefficients - these were set automigitieath a scaling of 1 to the

Smagorinsky eddy diffusivity formulation for the rmontal dispersion
coefficient and the-epsilon formulation for the vertical dispersioneéitcient
that match with the de-coupled flow-field runs urdken using MIKE-3 FM.

Sediment discharge rates (kg/s) on a saturatedatveasis used for the dredge hopper
scenarios for each sediment size class coveringvav@ants on hopper sediment
composition from dredging the 15-m Harbour charompion.

Hopper load scenarios Overall silt/sand load Predominantly silt load
averaged over all dredging (e.g., from Hamilton
sites ' reach) *

Sediment class discharge

(kg/s)

C1 (fine silt) 1,530 2,326
C2 (medium silt) 1,995 3,034
C3 (coarse silt) 2,128 3,236
C4 (fine sand) 11,067 1,517

TAveragehopper load for a mid-size TSHD would be ~5,800(raunded up) computed by dividing the
total estimated dredge volume of 7.06 Rifor the 15-m Harbour channel (final design) by 428und
trips. From the geotechnical findings and POL diegignalysis, overall the sand component (class 4)
would be 63.5% of an average hopper load and thairéng 36.5% silt. The silt component was further
divided in size classes 1-3 in the ratios 0.2735%, 0.376 based on the average silt-size gradingec
from the geo-technical investigations (Opus Intéomal Consultants, 2008).

itPredominantly-silt hopper load for the same dredgpacity would be 3,790 ¥assuming a lower
hopper loading factor of 0.35. The lower loadingtda arises from early cessation of dredging wihmen t
hopper starts to overflow and silts don’t readigjtle in the hopper like sands. From an averagief
sediment grading curves from the predominantly aittas, the ratio of this hopper volume across
sediment size classes 1-4 would be 0.23, 0.30, ®35. A hopper load density of 1600 kd/is
assumed.

Offshore disposal ground options

Early in Project Next Generation, an optimisatisogess was undertaken to identify
potential disposal sites based on a variety oftcamss such as fishing zones, seabed
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sediment characteristics, distance from the En&ddedging cost), known ecological
zonation etc. Two disposal sites Al (closer at 4Ndof Taiaroa Head) and A2 (on
the northern end of the submergent Peninsula 8gitg identified from this initial
process as being potential sites to investigatadui(Fig. 11.2).

To accommodate the estimated dredging volume & M@?° from the 15-m Harbour
channel design, the disposal ground would neecetarbund 2 km in diameter (see
circular zones Fig 11.2) with an average moundhteddj up to 1.4-1.8 m above the
seabed, depending on the proportion of the voluragdisperses from the site during
disposal, the wet bulk density of the depositednsedts (see Section 12.1 for more
analysis), and the losses from in-harbour disclsadgeing channel dredging.
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Figure 11.2: Location and extent of disposal site options inges¢d during the offshore plume
modelling process, with a backdrop of the residuatent pattern from Figure 10.4a.

As a result of initial plume-model simulationsesil was ruled out as a disposal site
option. This was due to the tendency for onshoreement of suspended-sediment
plumes directly towards Otago Heads coastline \piints of the plume with low
concentrations entering the Harbour Entrance. Base of this preferential onshore
transport of the plume arises from the clockwisgtion of the Taiaroa Head eddy
within which Al is located (see Fig. 11.2).
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Further plume modelling was undertaken at varidgtes $n the vicinity of A1 and A2,
including a site at A0 and one at 2 km further lofi® to the east of A2 (which
provided only marginal improvement on the A2 resintterms of fine silt dispersal).
This process lead to a potentially optimal sitéd@ton the submergent Peninsula Spit,
in terms of suspended-sediment plumes seldom mgdoiastal areas or entering the
Harbour, and then only occasionally at low exceswxentrations above background.
Further, current velocities and the residual curega parallel with the Peninsula Spit
(Fig. 11.2), so disposal of material at A0 will u#tsin initial settling out of silts
downstream at A2 in any case, while sea-bed seditrarsport to the north along the
Peninsula Spit (see Section 12) will eventually emeeme of the sand from a disposal
mound towards A2. Disposal at the more northerrs#@ resulted in almost no direct
contact of the plume edge on Otago Heads and Th&,Mmt increased silt
concentrations somewhat for coastal zones nort@oohish Head (see Figs. 10.2 &
10.4a for location), relative to the concentratiarsing site AO. Site AO is also a
shorter steaming distance to and from the HarbaotrnaBce for the dredge, rather than
A2.

11.3 Plume modelling approach

A plume modelling strategy was developed for thishafre disposal operation to
include the uncertainty of when the future dredgivauld take place and under what
wind conditions.

11.3.1 Hydrodynamic model scenarios

The calibration of the offshore hydrodynamic mo¢géction 10) revealed that tidal
effects were minor, once outside the influenceheftidal stream in and out of Otago
Harbour, while the Southland Current persistenibyv§ to the NE, although it can
vary somewhat in magnitude. This leaves local wiadsthe main contributor to
variations in current flows, especially in creatimgrked differences between surface
and bottom layers in the water column. Consequghilgrodynamic model runs were
set up for different wind scenarios, but the SantlCurrent flux and an average tidal
range were kept constant. Each wind scenario watelea using a 4-day spin-up
period with no wind to allow the tide and Southla@dirrent forcing to reach
equilibrium. This was followed by a 48-hour periaith the selected wind velocity
applied progressively as a half-sine function, ngag the peak wind speed in the mid-
point (24 hours) then decreasing again to zero &Waurs. A couple of hours was
added at the end with the wind at zero as run-base to allow for tracking the plume
after the last dredge-hopper discharge. A 48-hetiogd was selected as the basis for a
wind scenario run as it: a) is around the averamge period for a wind event to occur;
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b) divides evenly into 24 dredge-hopper dischaejesn average turn-around time of
2 hours® c) provides for quite a number of wind sequenoesr the dredging
programme.

The aim was to select several wind scenarios toeadd assign probabilities of

occurrence to these “events” so a Monte Carlo m®amuld be used to “spin the
dice” to select the wind scenario for each set&hdur time window in the dredging

season. The total dredged sediment volume of 7.08 Was divided by the sub-total

of sediment volume released in each simulated 48-deedge-disposal sequence to
arrive at the requirement of 51 such sequencese:Nbts is conservative as we
haven't deducted the loss of sediment via disclzafgeerflows, bottom disturbance)

while dredging in the Harbour, which would only d&lgout 3% of the overall dredging

volume (excluding rock).

Long-term wind measurements at Taiaroa Head sif88 Wvere analysed, assigning
wind speeds to either of the two dominant wind aectNNE or WSW. Then a
cumulative frequency distribution of wind speeds\ganerated for each of these two
sectors - summing to 56% of the time for winds fritv@a NNE sector and 44% of the
time for the WSW sector (Fig. 11.3). This includsaim wind occurrences (2%) of
which half were assigned to each sector. Three wpekds were selected from the
cumulative frequency distributions for each sectioat are representative of the first
25% of all winds split between wind sectors (=50%dtal), the next highest 20% of
all winds (=40% in total) and the upper range & thst 5% of all winds (10% in
total). Within each of these sub-ranges, the 6@gile wind speed was selected to
represent that range of speeds and assigned tihahility of occurrence for that
range. The six representative wind speeds relabvbe cumulative wind frequency
distributions are shown in Figure 11.3 and theitdetd the winds speeds and assigned
probabilities of occurrence are listed in Table21The skewness in the representative
wind velocities between the two wind sectors abseause winds from the NNE
sector occur more often, but at lower wind speéds tfrom the WSW sector, as
shown in Figure 11.3.

'8 Note: this average turn-around time was applicebtie initial A1 option for a disposal site.
The subsequent selection of the AO disposal siteldvadd around 10-15 minutes. However,
this won't affect maximum SSC or accumulated defpmsthicknesses.
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Figure 11.3:

Table 11.2:

—NIWA_—

Taihoro Nukurangi

WSW-sector winds (44%) and NNE-sector winds (56% w  inds)
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Cumulative frequency of occurrence for each of twe wind sectors centred on
blowing from WSW and NNE, normalised to a probapilbf 1.0 for each sector,
which is 44% of all winds for the WSW sector an@®6f winds for the NNE sector.
The six selected wind scenarios that representativeach wind-sector distribution
(see Table 11.2) are shown as WSWp and NNEp regelgct

Parameters associated with the six wind scenarsesl dor the offshore plume
modelling.

Wind scenario No.

1 2 3 4 5 6
m/”;; speed range 0-9.3 9.3-16.6 16.6-max  0-4 4-11.3  11.3-max
Representative
wind speed — 7 14 21 3 8 15
66%ile (m/s)
L 245 245 245 225 225 225
Wind direction (9
WSW WSW WSW NNE NNE NNE
Probability of 0.25 0.20 0.05 0.25 0.20 0.05

occurrence (0-1)

The six hydrodynamic model runs for these repredimet winds were undertaken as
described above, ramping up to the peak wind speddack to calm winds again for

each 48-hour scenario. The results from these &kl wimulations then provided a

look-up set of time-varying flow fields in threepdk layers that were used as input to
the plume model simulations.
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Figure 11.4:
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Plume model scenarios

The two key aspects for assessing environmentattsffthat are required from the

offshore sediment plume modelling are the: a) magdei (mean and maximum) of

suspended-sediment concentrations and the spataiteof the plume; and, b) total

seabed deposition (mm) and extent of depositiom theedredging season. Both these
requirements needed a different approach to thepset the plume simulations.

Plume concentrations and spatial extethese results can be obtained by a single
simulation of each of the six 48-hour wind scer@riapplied for each of the five
selected discharge sub-sites within the 2 km delpam®a. For the preferred disposal
site (A0), the locations and spread of the 5 diapsgb-sites are shown in Figure 11.4.

Following each of these individual scenarios (fdndg and sub-sites), composite
envelopes of the mean and maximum SSC over thedBshind sequence (plus a 2-
hour wind-down following the last hopper dischargegre generated for each
sediment-size component. To get total suspendedeotrations in the plume, the
excess SSC values predicted by the model for eatiment-size class (1-4) need to
be added together.

-45.726 -
-45.728 -

-45.73 HA
-45.732
-45.734 -

45736 o | o
#1 #5 #2

latitude

-45.738
-45.74+
-45.742

-45.744 #3 A0

-45.746 -

170.785 170.79 170.795 170.8 170.805 170.81 170.815
longitude

Relative location of the 5 sub-sites used as drgehlncations within a 2-km diameter
disposal site at AO (central sub-site #5 is at 7358°N and 170.799°E).
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Note: the plume modelling results for SSC are in terfsaturated-weight (because
wet-bulk densities have been used for the sourpatinwhereas normally SSC is
expressed in dry-weight per volume. Therefore, SBE€ results will be overestimates
(conservative) compared with dry-weight SSC vallesalistically, SSC may be 50—
90% of the conservative SSC values presented # Ghiapter, depending on the
equivalent_drybulk density of the sediments in the hopper, vk lower-range
percentages applying to silt sizes and the uppege@ercentages to fine sands.

Sea-bed depositierGiven the distribution of winds during the actuddedging
programme are not known ahead of time, a Monte oCafdproach was used to
randomly select one of the 6 wind scenarios for 48whour period, where the chance
of selection for a wind scenario is governed by phebabilities in Table 11.2. A
sequence of 51 sets of 48-hour plume simulations wequired to cover the total
discharge of 7.06 M and the deposition pattern and magnitude fronh et is
accumulated to arrive at an estimate of the tdfahore deposition.

This approach was achieved with the following steps

)] cycle consecutively around the sub-sites withindisposal area, starting
with #1, then #2 etc;

(i) throw the weighted “dice” using a Monte Carlo algon to select a wind
scenario from 1-6 for that sub-site;

(iii) run the plume model simulation for that sub-sitel ahe chosen wind
scenario using the parameters from Section 11.1;

(iv) extract the results in the form of the spatial riistion on a
0.005°x0.005° grid (390 m easting x 555 m northiagl magnitudes
(kg/n') of sea-bed sediment deposition for the four sedirsize classes;

(v) go back to step (i) and repeat sequence for thiesuxsite;

(vi) at the end, sum up the 51 sets of spatial depogittterns, apply a wet
bulk density (assumed a conservative value of 18g61") and produce
plots of deposition in mm for each size class dmdrand total for all
sediment sizes.

The number of times each wind scenario was seldnyestep (ii) is listed in Table
11.3 and compared to the assigned probability ibigion that the Monte Carlo
procedure randomly sampled from. The differencéseabpecause of the relatively
small sample size (51). Notéhe Monte Carlo algorithm was tested for 10,000
samples, which produced a distribution very clastné final row of Table 11.3.
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Table 11.3:  No. of times each wind scenario was selected aorarby the Monte Carlo procedure
for the 51 sets of “48-hour events” compared toassigned probability distribution.

Wind scenario No.

1 2 3 4 5 6
o 245 245 245 22,5 225 225
Wind direction (9
WSW WSW WSW NNE NNE NNE
No. of times
selected (total 51) 14 8 L 13 12 3
No. oftimes 0.27 0.15 0.02 0.25 0.24 0.06
selected (ratio)
Probability of 0.25 0.20 0.05 0.25 0.20 0.05

occurrence (0-1)

T rounding to 2 decimal places means total is not exactly 1.0.

Assumptions- The assumptions implicit in the above approadmesthat: a) flow
fields for a given band of wind speeds can be smed by a single value, and the
entire wind probability distribution can be represel by 6 wind speeds; b) no
seasonality for winds is included, as the periadiie dredging is not yet determined,;
c¢) the local area around each sub-site in the da@parea is worked “continuously”
(actually 10 minute slugs every 2 hours) over aopeof 48-hours before moving to
the next sub-site; d) material remains in place relhe is first deposited (i.e., no
resuspension by waves is included for this anglysis

With respect to the first two assumptions, the ltespresented in the following

sections were not overly sensitive to changes indwdpeed, given the Southland
Current dominates the flow regime in the offshareasand at the AO disposal site.
The third assumption is a pragmatic one, and wdl dmilar to the procedure

undertaken by the dredger to build up the mounalgvebut however it is sequenced
doesn't affect the overall deposition which dependsthe total volume discharged
and the relative proportion of each sediment siassc(see Table 11.1). The final
assumption is the more critical one that will b@sidered further in this Chapter, as
silts in particular will be resuspended by waveiaciand moved. In terms of total
deposition, the assumption of no resuspensiongeitlerally be conservative (i.e., lead
to higher estimated depths of sediment than woelthb case in reality) and therefore
provides an upper bound on the likely sediment diéjpa when considering

environmental effects.
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114 Suspended-sediment concentrations predicted usingsposal site A0

Results from the individual 48-hour disposal plusmulations are presented in the
form of composite envelopes of both the mean angiiman suspended-sediment
concentration (SSC). These composites are not @ simapshot of the plume or its
extent - rather they show for each locattbe maximum SSC that occurred there at
any timeduring the simulation and the average SSC thrahgh48-hour period for
that location.

As expected, SSC was highest in the bottom nearlpger (L1 as described in
Section 10.1) due to the settling of sediment towdhe bed and having commenced
discharge at 5 m below the water surface. Consdlguenost of the results are
presented from L1. Results also focus on the fiilessizes (Size classes 1 and 2) as
they settle the slowest contributing to higher S8Clonger periods after the 10-
minute disposal window.

11.4.1 Results for different wind scenarios

Figures 11.5 to 11.10 show the mean (a) and thenmuzx (b) excess SSC composites
during 48-hour periods for wind scenarios 1 to 8ctiéed in Section 11.3. All results
are for the most landward sub-site #1 within the #posal area (Fig. 11.4),
potentially being the most critical in terms of thieme more likely to intersect with
the coastal zone and subject to a slower residwatmt. However, the Monte Carlo
approach didn’t select wind scenario 6 (strong NMEd) for sub-site #1, so the SSC
composites for this wind scenario were taken frbmn ¢entral sub-site (#5) which is
only 0.75 km further east. Only results for sizasskes 1 and 2 (fine and medium silts)
and the bottom layer (L1) only are shown.

Note: the SSC scale was set the same for all @atging from 0 to 0.15 kg/ffwhich

is equivalent to 0 to 150 mg/L of saturated-weight volume), although the predicted
SSC reaches higher values of up to 220 mg/L forimmedilts in some wind scenarios
in the vicinity of the disposal ground. The SSGhie additionalconcentration arising
from the disposal sequence over and above the t@makg) concentration at the time
(which can vary considerably depending on wave itimmd and river run-off).
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Figure 11.5a: MeanSSC composite envelopes for size class 1 (topyamdclass 2 (bottom) over 24
disposal cycles for wind scenario_1 (light WSW wiadl disposal sub-site #1.

Port of Otago Dredging Project: Harbour and Offehidiodelling 213



Ry N‘I-WA -

Taihoro Nukurangi

-45.55 L )
] Statistical maximum :
1 Class 1 [kg/m"3]
~45.60 e i B sbove 0.1500
] I 0.1400 - 0.1500
AB.G5 oo he e eoee- - : [ 1 0.1300 - 0.1400
] : [ ]0.1200-0.1300
B F S [_Jo.1100-01200
T [ 01000 - 0.1100
] : : : : [ 0.0800 - 0.1000
ASTS g N e ' [ 0.0600 - 0.0800
] : : : : : [ 0.0500 - 0.0600
45801 | : A ' ; I 0.0400 - 0.0500
] : : - - : = 0.0300 - 0.0400
1 0.0200 - 0.0300
Bl e Rl sl bt e Sl S [ 0.0100 - 0.0200
] [ 0.0030 - 0.0100
45.00 J- poeeeeeeeees foesonoeees fomeenonis 1 0.0000 - 0.0030
] : i : i i [ ] Below 0.0000
—-15';'5||||. |:|U1ule-fine-tl\’n1ue-

170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 1 of 3.

4555 it i
] Statistical maximnun :
1 Class 2 [kg/m™3]
-43.60 7 B Avove 01500
] [ 0.1400 - 0.1500
-45.65 [ 0.1300 - 0.1400
1 [ In.1200- 01300
4570 [_Jo.1100-0.1200
] [l 0.1000 - 0.1100
4575 ] [ 0.0800 - 0.1000
IR [ 0.0600 - 0.0800
] [ 0.0500 - 0.0600
-45.80 7 [ 0.0400 - 0.0500
] [ 0.0300 - 0.0400
4585 ] [ 0.0200 - 0.03500
] % 0.0100 - 0.0200
] 0.0030 - 0.0100
-45.907 [ | 0.0000 - 0.0030
] [ 1 Below 0.0000
-45.95 e DUlulefinedVﬂlue

170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 1 of 3.

Figure 11.5b: Max. SSC composite envelopes for size class 1 (topkemedclass 2 (bottom) over 24
disposal cycles for wind scenario 1 (light WSW wirad disposal sub-site #1. Note:
maximum SSC for size class 2 in this simulation @2 kg/m or 200 mg/L.
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Figure 11.6a: MeanSSC composite envelopes for size class 1 (topkiedclass 2 (bottom) over 24
disposal cycles for wind scenario 2 (moderate WSWiWat disposal sub-site #1.
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Figure 11.6b: Max. SSC composite envelopes for size class 1 (topkemedclass 2 (bottom) over 24
disposal cycles for wind scenario 2 (moderate WSWWdvat disposal sub-site #1.
Note: maximum SSC for size class 1 in this simulatiors Wal7 kg/mor 170 mg/L
and for size class 2 was 0.22 kg/on 220 mg/L.
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Figure 11.7a: MeanSSC composite envelopes for size class 1 (topkiedclass 2 (bottom) over 24
disposal cycles for wind scenario_3 (strong WSWdyatt disposal sub-site #1.
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Figure 11.7b: Max. SSC composite envelopes for size class 1 (topkemedclass 2 (bottom) over 24
disposal cycles for wind scenario 3 (strong WSWdyiat disposal sub-site #1. Note:
maximum SSC for size class 2 in this simulation @24 kg/m or 210 mg/L.

Port of Otago Dredging Project: Harbour and Offehidiodelling 218



___--—N‘LWA -

Taihoro Nukurangi

-45.55 g Statistical mean : Class 1

] : : ! . [kg/m"3]
Bl e e Bl :bove 01500

] ; : ; : 5 [ 0.1400 - 0.1500
45651 possessasaoss - S-S - Ao [ 0.1300 - 0.1400

] ; : ; : 5 [ ]0.1200- 01300
45l e : ' i R [ 0.1100- 01200

] i [ 0.1000 - 0.1100
PR LN R S T < S [ 0.0800 - 0.1000
Bt i [ 0.0600 - 0.0800

] 5 [ 0.0500 - 0.0600
45801 IRRREEEEEEERE RRLy SRR mmehtl SRLRLERY ARRREREELEEELEEEREELEEREES [ 0.0400 - 0.0500

] : ; : : 5 I 0.0300 - 0.0400
45851 A A = SR e S R [ 0.0200 - 0.0300

] ' : ; : 5 % 0.0100 - 0.0200

o 0.0030 - 0.0100

-45.90 , ; 5 : 5 ] 0.0000 - 0.0030

] i : i : i [ IBelow 0.0000
-A45.05 T |:|U1ulefinetl\"ﬂlue

170.50 170.60 170.70 170.80 170.90 171.00

Simma Layer No. 1 of 3.

4555 ; 0 ; ; ! Statistical mean : Class 2
1 i | i | [ligim’3]
~45.60 ooy e B sbove 01500
] ; ; - [ 0.1400 - 0.1500
45654 [ 0.1300 - 0.1400
] : : : : : [ Jn.1200-0.1300
45704 [ : : ; [ n1100-01200
] [ 0.1000 - 0.1100
PR R R U /S A [ 0.0800 - 0.1000
e [ 0.0600 - 0.0800
] [ 0.0500 - 0.0600
4580 7 poseessassesss R ) AR e [ 0.0400 - 0.0500
] : ; : : : I 0.0300 - 0.0400
4585 F------ T S ; ; ; [ 0.0200 - 0.0300
] : : ; ; : [ 0.0100 - 0.0200

[ 0.0030 - 0.0100

'

'

'
oo

4500 F--mbooreomeoes
4590 , ; ; : ; ] 0.0000 - 0.0030
] i : i : i [ IBelow 0.0000
4505 F-r———t+rr -t e | Undefined Value
17050 17060 17070 17080 17090  171.00

Simma Layer No. 1 of 3.

Figure 11.8a: MeanSSC composite envelopes for size class 1 (topyamdclass 2 (bottom) over 24
disposal cycles for wind scenario 4 (light NNE wjitad disposal sub-site #1.
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Figure 11.8b: Max. SSC composite envelopes for size class 1 (topkemedclass 2 (bottom) over 24
disposal cycles for wind scenario 4 (light NNE wirad disposal sub-site #1. Note:
maximum SSC for size class 2 in this simulation ®4$ kg/m or 160 mg/L.
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Figure 11.9a: MeanSSC composite envelopes for size class 1 (topkeedclass 2 (bottom) over 24
disposal cycles for wind scenario 5 (moderate NNiidjvat disposal sub-site #1.
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Figure 11.9b: Max. SSC composite envelopes for size class 1 (topkemedclass 2 (bottom) over 24
disposal cycles for wind scenario 5 (moderate NNEdyvat disposal sub-site #1.
Note: maximum SSC for size class 2 in this simulatios @20 kg/mor 200 mg/L.
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Figure 11.10a:MeanSSC composite envelopes for size class 1 (topkeedclass 2 (bottom) over 24
disposal cycles for wind scenario 6 (strong NNEdyiat disposal sub-site #5.
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Figure 11.10b:Max. SSC composite envelopes for size class 1 (topyemedclass 2 (bottom) over 24
disposal cycles for wind scenario 6 (strong NNEdyiat disposal sub-site #5. Note:
maximum SSC for size class 2 in this simulation @49 kg/m or 190 mg/L.

Summary of results the above sequence of SSC composites for thebeealayer
and fine and medium silts only, under the six défeé wind conditions show that:

« medium silts cause the higher local elevations 8CSn the bottom layer
within a few kilometres of the disposal ground, e fine silts are more
dispersive spreading over a wider area (due to khwer settling rate);

e out of the two finer size classes, the highest &x&SC values reached in the
vicinity of the disposal site are in the range 16@®20 mg/L in the bottom
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layer for medium silts, with this higher maximumua likely to occur during
moderate WSW winds;

« for both fine and medium silts, the most adversadwtonditions for the
maximum excess SSC are moderate WSW winds;

« the mean SSC composites show that the average concensatane
substantially lower than the maximum values. Caeréng) only the medium
silts (class 2), the highest averag8C in the vicinity of the disposal ground,
would reach 70 mg/L in moderate winds (NNE and WS\W) 60 mg/L for
all other wind conditions. The much lower avera@CSs influenced by the
2-hour gap between disposal from the dredging Vesséowing the
concentrations to reduce from settling and disparsi

» the dilute edge of the suspended-sediment pluméd amecasionally reach
coastal areas between Taiaroa Head and northerkchitfie Bay but not
under stronger winds from both the WSW or NNE. Whearshore contact
does occur, the maximum concentration contributedby both fine and
medium silts in the plume would be small—no mor@tl.07 mg/L on top of
the background concentration except in light nedlst winds when the
maximum excess concentration could reach 2—-2.5 day/khort periods. No
contact of the near-bed plume edge with Otago Heewmsld occur with
strong winds from either WSW or NNE;

* the dilute edge of the suspended-sediment pluméd calgo reach coastal
areas north of Cornish Head, except during stroNg& Miinds when the near-
bed flow would be nudged further offshore oppositehe surface wind. In
these coastal zones, the maximum concentratiomilcotg#d to by the plume
would be small—no more than 0.3 mg/L (for finesjiland no more than 0.1
mg/L for medium silts (combined total of 0.41 mddr all size classes) in the
near-bed layer which would occur under strong WSWtg;

» overall, winds don’t appear to substantially afféee plume characteristics
and movement as much as plume simulations for didpsite option Al
closer inshore. This is because disposal site AGcated in the periphery of
the Southland Current that drives a persistentivasicurrent to the north and
tends to dominate the flow regime.
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11.4.2 Differences between size classes and surfasebottom layer

Figures 11.11 to 11.12 show the mean (a) and theirman (b) excess SSC
composites during 48-hour periods for all four stdasses, starting in the surface
layer, then considering the bottom layer, for tighttwind scenario 1 (WSW)
described in Section 11.3. A similar sequence @vshin Figure 11.13 to 11.14 for
light-wind scenario 4 (NNE). All results are foretmost landward sub-site #1 within
the AO disposal area, potentially being the mosicat in terms of likelihood of the
plume passing near the coast and subject to theestaesidual current.

To obtain the total suspended sediment concentragiredicted for the plume, the
excess SSC for each sediment-size class needsatitlbd together.

Note: the SSC scale on each plot was set the sarbefare, ranging from 0 to 0.15
kg/m® (which is equivalent to 0 to 150 mg/L), except fdass 4 (fine sand)

composites in the lower layer (L1) where the samés expanded up to 1.5 kg/m

(1500 mg/L). The SSC is the additionabncentration arising from the disposal
sequence over and above the background concentedttbe time.
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Figure 11.11a:Mean SSC composite envelopes for size class 1 (topsaedclass 2 (bottomip the

surface layer (L3pver 24 disposal cycles for wind scenario 1 (ligh§W wind) at

disposal sub-site #1.
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Figure 11.11b:Mean SSC composite envelopes for size class 3 (top)saedclass 4 (bottomip the
surface layer (L3pver 24 disposal cycles for wind scenario 1 (ligh§W wind) at
disposal sub-site #1.
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Figure 11.11c:Max. SSC composite envelopes for size class 1 (top)samdclass 2 (bottomj the
surface layer (L3pver 24 disposal cycles for wind scenario 1 (ligW$W wind) at

disposal sub-site #1.
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Figure 11.11d:Max. SSC composite envelopes for size class 3 (top)samdclass 4 (bottomj the
surface layer (L3pver 24 disposal cycles for wind scenario 1 (ligW$W wind) at

disposal sub-site #1.
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Figure 11.12a:Mean SSC composite envelopes for size class 1 (top)semdclass 2 (bottomh the

bottom layer (L1)over 24 disposal cycles for wind scenario 1 (lig$W wind) at

disposal sub-site #1.
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Figure 11.12b:Mean SSC composite envelopes for size class 3 (top)samdclass 4 (bottomh the
bottom layer (L1)over 24 disposal cycles for wind scenario 1 (lig¥$W wind) at

disposal sub-site #Note: scale change for class 4.
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--------------------------------------------------------------------------

Figure 11.12c:Max. SSC composite envelopes for size class 1 (top)samdclass 2 (bottonih the
bottom layer (L1)over 24 disposal cycles for wind scenario 1 (lig¥$W wind) at
disposal sub-site #1. Noteraximum SSC for size class 2 in this simulatiors W&20
kg/m?® or 200 mg/L.
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Statistical maximun :
Class 3 [kg/m"3]
B sbove 01500
I 0.1400 - 01500
[ 01300 - 0.1400
[ 1 0.1200 - 0.1300
[ ]01100- 01200
1 0.1000 - 0.1100
™™ 0.0800 - 0.1000
1 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
™ 0.0100 - 0.0200
[ ] 0.0030 - 0.0100
] 0.0000 - 0.0030
[ ]Below 0.0000
|:| Undefined Value

LB |
170.50 17060 170.70 170.80 170.90 171.00
Sigma Layer No. 1 of 3.

Statistical maxinmum :
Class 4 [kg/m"3]
Bl svove 1.5000
I 1.0000 - 1.5000
[ ] 0.7000 - 1.0000
[ ] 0.4000 - 0.7000
[ 0.2000 - 0.4000
[ ] 0.1500 - 0.2000
[ 0.1000 - 0.1500
I 0.0700 - 0.1000
I 0.0500 - 0.0700
I 0.0400 - 0.0500
B 0.0300 - 0.0400
I 0.0200 - 0.0300
] 0.0100 - 0.0200
[ ] 0.0030-0.0100
[ ] 0.0000 - 0.0030
[ ] Below 0.0000
l:l Undefined Value

45,905 F—r S S S—— S
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 1 of 3.

Figure 11.12d:Max. SSC composite envelopes for size class 3 (top)samdclass 4 (bottomj the
bottom layer (L1)over 24 disposal cycles for wind scenario 1 (lig¥$W wind) at
disposal sub-site #1. Notmaximum SSC for size class 3 in this simulatiors W&21
kg/m® or 210 mg/L and for size class 4 peaks at 1.66hkgt 1600 mg/L Note: scale
change for class 4.
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-45.60 - -------------------------------------- ------------- -------------
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4570 - ---------------------------------------- -------------
4575 - ---------------------------------------- -------------
45807 ---------------------------------- ------------- -------------
45857 --------------------------------- ------------- -------------
45907~ ------------------ P ------------- I
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-45.55 : : :

45,60 - ------------- -------------
48,65 7 ------------- -------------
4570 - ---------------------------------------- -------------
4575 - ---------------------------------------- -------------
45807

45857 ------------- -------------
45907~ : ------------- -------------
44-;-4.....

170.50 170.60 170.70 17080 17090 171.00

Sigma Layer No. 3 of 3.

Statistical mean : Class 1

[kg/m~3]

B sbove 01500
I 0.1400 - 0.1500
1 0.1300 - 0.1400
[ J0.1200-01300
[ 1o01100- 01200
[ 0.1000 - 0.1100
™ 0.0s00 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0500
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 0.0200
1 0.0030 - 0.0100
[ 1 0.0000 - 0.0030
[ ] Below 0.0000

|:| Undefined Value

Statistical mean : Class 2

[kg/m~3]
B sbove 01500
I 0.1400 - 0.1500
1 0.1300 - 0.1400
[ J0.1200-01300
[ 1o01100- 01200
[ 0.1000 - 0.1100
™ 0.0s00 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0500
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 0.0200
1 0.0030 - 0.0100
[ 1 0.0000 - 0.0030
Below 0.0000

|:| Undefined Value

Figure 11.13a:Mean SSC composite envelopes for size class 1 (topsaedclass 2 (bottomip the
surface layer (L3pver 24 disposal cycles for wind scenario 4 (ligiNE wind) at

disposal sub-site #1.
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45,60 A S § A ------------- -------------
45,654 -------------------------------------- ------------- -------------
45704 ---------------------------------------- -------------
45754 ---------------------------------------- -------------
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45854 --------------------------------- ------------- -------------
45904---- -------------------- b ------------- -------------
44-;-4.....
170.50 170.60 170.70 170.80 170.90

Sigma Layer No. 3 of 3.

45,95
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Sigma Layer No. 3 of 3.

170.80
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171.00
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Statistical mean : Class 3

[kg/m~3]

B sbove 01500
I 0.1400 - 0.1500
1 0.1300 - 0.1400
[ J0.1200-01300
[ 1o01100- 01200
[ 0.1000 - 0.1100
™ 0.0s00 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0500
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 0.0200
1 0.0030 - 0.0100
[ 1 0.0000 - 0.0030
[ ] Below 0.0000
|:| Undefined Value

Statistical mean : Class 4

[kg/m"3]

B :bove 01500
I 0.1400 - 01500
[ 01300 - 0.1400
[ 10.1200-0.1300
[ ] o1100-01200
1 0.1000 - 0.1100
[ 0.0800 - 0.1000
I 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ 1 0.0030 - 0.0100
1 0.0000 - 0.0030
[ |Below 0.0000
|:| Undefined Value

Figure 11.13b:Mean SSC composite envelopes for size class 3 (top)saedclass 4 (bottomip the
surface layer (L3pver 24 disposal cycles for wind scenario 4 (ligiNE wind) at

disposal sub-site #1.
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Sigma Layer No. 3 of 3.

Statistical maximum :
Class 1 [kg/m"3]
I :vove 01500
[ 0.1400 - 0.1500
[ 01300 - 0.1400
[ J0.1200- 01300
[Jo1100- 01200
[ 0.1000 - 0.1100
[ 0.0800 - 0.1000
[ 0.0600 - 0.0300
[ 0.0500 - 0.0600
[ 0.0400 - 0.0500
[ 0.0300 - 0.0400
[ 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ 0.0030 - 0.0100
[ 0.0000 - 0.0030
[ ] Below 0.0000
|:| Undefined Value

Statistical maximum :
Class 2 [kg'm"3]
I :vove 01500
[ 0.1400 - 0.1500
[ 01300 - 0.1400
[ J0.1200- 01300
[Jo1100- 01200
[ 0.1000 - 0.1100
[ 0.0800 - 0.1000
[ 0.0600 - 0.0300
[ 0.0500 - 0.0600
[ 0.0400 - 0.0500
[ 0.0300 - 0.0400
[ 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ 0.0030 - 0.0100
[ 0.0000 - 0.0030
[ ] Below 0.0000
|:| Undefined Value

Figure 11.13c:Max. SSC composite envelopes for size class 1 (top)samdclass 2 (bottomj the

surface layer (L3)pver 24 disposal cycles for wind scenario 4 (liffiNE wind) at

disposal sub-site #1.
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Statistical maxiimun :
: : : Class 3 [kgm” 3]
o e. N - B Avove 0.1500
: : : I 0.1400 - 0.1500
] 0.1300 - 0.1400

---------------- [ 0.1200-0.1300
: : [ ]0.1100-0.1200

] 0.1000-0.1100
] 0.0800 - 0.1000
; ; i 2 0.0600 - 0.0800
S S S | S I 0.0500 - 0.0600
: : : I 0.0400 - 0.0500

] ! : : : : I 0.0300 - 0.0400
g======= | R B B ] 0.0200 - 0.0300
‘ ; : : ] 0.0100- 0.0200
[ ] o0.0030-0.0100
[ ] o.0000-0.0030
[ ] Below 0.0000
D TUndefined Value

45,95 b e e e

170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 3 of 3.

-45.60 Statistical maximum :
Class 4 [kg/m"3]

B Avove 0.1500
[ 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ ]0.1200-0.1300
[ Jo1100-0.1200
[ ] 0.1000-0.1100

-45.70 7

|

e

n

1

n
I

f ] 0.0800 - 0.1000
i 1 0.0600 - 0.0800
_45.80 1 [ 0.0500 - 0.0600
] [ 0.0400 - 0.0500
] I 0.0300 - 0.0400
-45.851 N 0.0200 - 0.0300
] [ 0.0100 - 0.0200
] 1 0.0030 - 0.0100
-45.90 7 | 0.0000 - 0.0030
] [ | Below 00000
4503 [ ] Undefined Value

170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 3 of 3.

Figure 11.13d:Max. SSC composite envelopes for size class 3 (top)samdclass 4 (bottomj the
surface layer (L3pver 24 disposal cycles for wind scenario 4 (ligfiNE wind) at
disposal sub-site #1.
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Statistical mean : Class 1

[kg/m"3]

B sbove 01500
[ 0.1400 - 0.1500
[l 0.1300 - 01400
[ Jo0.1200-01300
[ lo1100-01200
[ 0.1000 - 0.1100
1 0.0300 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
[ 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ ] 0.0030 - 0.0100
[ ] 0.0000 - 0.0030
[ | Below 0.0000

|:| Undefined Value

Statistical mean : Class 2

[kg/m"3]

B sbove 01500
[ 0.1400 - 0.1500
[l 0.1300 - 01400
[ Jo0.1200-01300
[ lo1100-01200
[ 0.1000 - 0.1100
1 0.0300 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
[ 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ ] 0.0030 - 0.0100
[ ] 0.0000 - 0.0030
[ | Below 0.0000

|:| Undefined Value

Figure 11.14a:Mean SSC composite envelopes for size class 1 (top)semdclass 2 (bottomh the
bottom layer (L1)over 24 disposal cycles for wind scenario 4 (liglNE wind) at

disposal sub-site #1.
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170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 1 of 3.

st
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer Neo. 1 of 3.

Statistical mean : Class 3

[kgm”"3]

I svove 0.1500
[ 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ ]o0.1200-0.1300
[ ]o.1100-0.1200
[ 0.1000-0.1100
] 0.0800 - 0.1000
1 0.0600 - 0.0800
2 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
] 0.0100 - 0.0200
[ ] o0.0030-0.0100
[ 0.0000-0.0030
[ 1 Below 0.0000
[] Undefined Value

Statistical mean: Class 4

[kg'm”3]

Bl sbove 1.5000
I 1.0000 - 1.5000
[ 0.7000 - 1.0000
[ ] 0.4000 - 0.7000
[ ] 0.2000 - 0.4000
[] 0.1500 - 0.2000
[ 0.1000 - 0.1500
] 0.0700 - 0.1000
[ 0.0500 - 0.0700
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
] 0.0100 - 0.0200
[ ] 0.0030-00100
[] 0.0000 - 0.0030
[ ] Below 0.0000

I:l Undefined Value

Figure 11.14b:Mean SSC composite envelopes for size class 3 (top)saedclass 4 (bottomip the

bottom layer (L1)over 24 disposal cycles for wind scenario 4 (liglNE wind) at

disposal sub-site #Note: scale change for class 4.
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LB |
170.50 17060 170.70 170.80
Sigma Layer No. 1 of 3.

170.90

171.00

LB |
170.50 17060 170.70 170.80
Sigma Layer No. 1 of 3.

170.90

171.00

Statistical maximun :
Class 1 [kgm"3]
B sbove 01500
I 0.1400 - 01500
[ 01300 - 0.1400
[ 1 0.1200 - 0.1300
[ ]01100- 01200
1 0.1000 - 0.1100
™™ 0.0800 - 0.1000
1 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
™ 0.0100 - 0.0200
[ ] 0.0030 - 0.0100
] 0.0000 - 0.0030
[ ]Below 0.0000
|:| Undefined Value

Statistical maximun :
Class 2 [kg/m"3]
B sbove 01500
I 0.1400 - 01500
[ 01300 - 0.1400
[ 1 0.1200 - 0.1300
[ ]01100- 01200
1 0.1000 - 0.1100
™™ 0.0800 - 0.1000
1 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
™ 0.0100 - 0.0200
[ ] 0.0030 - 0.0100
] 0.0000 - 0.0030
[ ]Below 0.0000
|:| Undefined Value

Figure 11.14c:Max. SSC composite envelopes for size class 1 (top)samdclass 2 (bottonih the

bottom layer (L1)over 24 disposal cycles for wind scenario 4 (liglNE wind) at
disposal sub-site #1. Notmaximum SSC for size class 2 in this simulatiors W&l 6

kg/m?® or 160 mg/L.
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Statistical maximum :
d ) Class 3 [kg/m”"3]
. - B svove 0.1500
: [ 0.1400 - 0.1500
) [ 0.1300 - 0.1400
------------- [ 1 0.1200- 0.1300
‘ [ ]o.1100-0.1200
[ ] 0.1000-0.1100
[ 0.0800 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0600
B 0.0400 - 0.0500
: ] : | B 0.0300 - 0.0400
oo R . .. o esnneenne e I 0.0200 - 0.0300
| : : ‘ ] 0.0100- 0.0200
[ ] 0.0030-0.0100
[ ] 0.0000-0.0030
[ ] Below 0.0000
[] Undefined Value
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Statistical maximum
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] 0.7000 - 1.0000
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] 0.2000 - 0.4000
[ ] 0.1500-0.2000
[ 0.1000 - 0.1500
I 0.0700 - 0.1000
I 0.0500 - 0.0700
I 0.0400 - 0.0500
B 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 00200
[ ] 0.0030-0.0100
[ ] 0.0000- 0.0030
[ ] Below 0.0000
D Undefined Valw
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170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 1 of 3.

Figure 11.14d:Max. SSC composite envelopes for size class 3 (top)sadclass 4 (bottonih the
bottom layer (L1)over 24 disposal cycles for wind scenario 4 (liglNE wind) at
disposal sub-site #1. Notmaximum SSC for size class 3 in this simulatiors W&al8
kg/m® or 180 mg/L and for size class 4 peaks at 1.66kgf 1600 mg/LNote: scale
change for class 4.

Summary of resultsthe above sequence of SSC composites for therdothe of
sediment size classes in the surface and bottoandahows that:

« maximum _surface-layeconcentrations in the top 30% of the water column
would be considerably smaller than for the bottayel, due to the hopper
discharge being several metre’s below the surfaam (n this case), and the
physical settling of sediments towards the sealidm: highest maximum
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surface-layeconcentrations reached in the vicinity of the d& site during
48-hour simulations were in the range 30—-60 mgflefichof the size classes
and across all six wind scenarios, with the higledues occurring during light
NNE winds (Fig. 11.13c, d) and combining all sif#sses, the maximum total
surface-layer SSC would be around 185 mg/L;

» occasionally the diluted edge of the plume coulithethe coastal zone along
the Otago Heads, which would elevate backgrounsaiSSC by up to only
0.7-1.5 mg/L, for fine and medium silts (for a td&5C of 2.2 mg/L) under
light NNE winds. This situation could also be acpamied by the plume edge
reaching the area off The Mole in the Harbour Ewtea but would only
generate a maximum totalirface SSC of around 0.08 mg/L (Fig. 11.13c). In
the bottomlayer, maximum totaSSC would be somewhat higher at around
0.1 mg/L (off The Mole) and 2.8 mg/L (off Otago Hisaand northern
Wickliffe Bay) for the light NNE wind conditions (§. 11.14c, d);

» the diluted edge of the plume could reach areabeotoast north of Karitane
but would elevate the total surfa&SC by only about 0.02 mg/L in the
Karitane area, and up to 0.9 mg/L further northamg Stony Creek and Shag
Rock under light NNE winds (Fig. 11.13c, d). In thettomlayer, maximum
total SSC would be marginally higher at around 1 mghithfer north towards
Stony Creek and Shag Rock under light NNE windg.(Eil.14c, d). Note:
strong WSW winds would cause the highest total 865te near-bed layer
north of Cornish Head as discussed in the preseason);

« in the bottomlayer, the highest excess concentrations occtineadisposal
ground where the fine sand (class 4) concentratiwwosld reach around
1600-1700 mg/L for light wind conditions (Fig. 12dl 11.14d), and less for
stronger wind events. Of the silt size classes,immednd coarse silts would
contribute similar maximum excess concentrationthe bottom layer of up
200-230 mg/L “downstream” in the vicinity of thesdosal area (Fig. 11.6b-
bottom plot and Fig. 11.12c, d), with the higheftuea occurring during a
moderate WSW wind. For this moderate WSW wind sdenahe total
maximum SSC in the bottom layer combining all silBsses would be around
2100 mg/L in the vicinity of the disposal ground;

« for coastal areas likely to be reached occasionmlithe dilute plume, excess
surfaceSSC would be highest for light NNE winds, whicle @onducive to
wider spreading (dispersion) of the plume and lestical shear in the water
column (which occurs in stronger winds). In ternighe bottomlayer, light

Port of Otago Dredging Project: Harbour and Offehidiodelling 243



—NIWA_—

Taihoro Nukurangi

NNE winds would cause the highest SSC off Otagodsehut strong WSW
winds would cause the highest SSC off the nortbesst. In all coastal cases,
the maximum SSC would remain quite small and ocpariodically
depending on the winds;

« in the vicinity of the disposal ground, the highestess concentrations in the
surfacewater would most likely occur on light NNE windsith the highest
concentrations in the bottotayer for sands also likely to occur during light
winds (any direction), while for silts, it would beached during moderate
WSW winds.

11.4.3 Predicted plume concentrations for predominantly-dt hopper loads

Some of the plume simulations for light-wind coralis were also performed for a

hopper of predominantly silt (e.g., sourced frore HHamilton Bay reach between

Lower Harbour Beacons 18 and 20), in order to mlevihe ratio of the highest

maximum SSC and extent of the plume compared \ghaverage sand/silt hopper
discharge. The sediment discharge rates for tippdrodischarge scenario are listed in
Table 11.1 and should be noted that the total velofrsediment per hopper would be
substantially lower at 65% of the volume for thermge sand/silt hopper load used in
the simulations reported above. This is becausheoheed to restrict overflows when
dredging predominantly silt material and the sdegn't readily settle in the hopper
during the dredging.

Figures 11.15a—d show the maximum excess SSC caepasiring 48-hour periods
for the four size classes in the bottom surfacerdgr wind scenario 1 (light WSW).
The top plots show the result from the predominasitt hopper load, and the bottom
plot is the equivalent result for the average ssiltdiopper load. Results are only for
the most landward sub-site #1 within the AO disp@saa. A similar series for the
same sub-site is shown in Figures 11.16a-c for wsndnario 4 (light NNE),
excluding the sand-size class which is inconsedpient

Plume simulations were also performed for a modeYdSW wind (scenario 2) to
ascertain the likely increase in maximum conceiungtin the vicinity of the disposal
area for predominantly-silt hopper loads. ModeMt8W winds lead to the highest
suspended-sediment concentrations in and aroundligposal site (see previous
Section).
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17 """"""""" --------------- ----------------- ---------------- Statistical maximum :
: : : ; Class 1 [kg/m”3]
,,,,,,,,,,,,,, I ivove 01500
: I 0.1400 - 0.1500
; [ ] 0.1300-0.1400
------------- [ ] o1200-01300
: [ ]0.1100-0.1200
[ ] 0.1000-0.1100
[ 0.0800 - 0.1000
] 0.0600 - 0.0800
[ 0.0500 - 0.0600
I 0.0400 - 0.0500
] : d : : : I 0.0300 - 0.0400
-------- [ 0.0200 - 0.0300
1 ’ ’ ’ : [ 0.0100 - 0.0200
[ ] 0.0030-0.0100
[ ] o.0000 - 0.0030
[ ] Below 0.0000
I:l Undefined Value
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Statistical maxinom :
Class 1 [kkg'm"3]
B sbove 01500
[ 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ J0.1200- 01300
[ lo11o00-01200
[ 0.1000 - 0.1100
[ 0.0s00 - 0.1000
[ 0.0600 - 0.0800
I 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
™ 0.0100 - 0.0200
[ 1 0.0030 - 0.0100
1 0.0000 - 0.0030
[ | Below 0.0000
|:| Undefined Value

-45.05 e
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 1 of 3.

Figure 11.15a:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizesclan the bottom layer (L1dver 24
disposal cycles for wind scenario 1 (light WSW wirad disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respegtiwas 160 mg/L and 122 mg/L.
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Figure 11.15b:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizescin the bottom layer (L1dver 24
disposal cycles for wind scenario 1 (light WSW wiradl disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respégtiwas 280 mg/L and 200 mg/L.
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Figure 11.15c:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizescBin the bottom layer (L1dver 24
disposal cycles for wind scenario 1 (light WSW wiradl disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respegtiwas 320 mg/L and 210 mg/L.
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Figure 11.15d:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizesctin the bottom layer (L1dver 24
disposal cycles for wind scenario 1 (light WSW wirad disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respedgtiveas 235 mg/L and 1600
mg/L.
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Figure 11.16a:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizesclan the bottom layer (L1dver 24
disposal cycles for wind scenario 4 (light NNE wirad disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respegtiwas 135 mg/L and 92 mg/L.

Port of Otago Dredging Project: Harbour and Offehidiodelling 249



Ry N‘I-WA -

Taihoro Nukurangi

1 """"""""" ------------- ----------------- ---------------- Statistical maximmumn :
: : : ; Class 2 [kg/m”3]

,,,,,,,,,,,,,, I ivove 01500
: I 0.1400 - 0.1500

; [ ] 0.1300-0.1400
----------- [ ] o1200-01300
: [ ]0.1100-0.1200

: [ ] o0.1000-0.1100
T P [ 0.0800 - 0.1000
g : I 0.0600 - 0.0800
[ 0.0500 - 0.0600
I 0.0400 - 0.0500
] : d : : : I 0.0300 - 0.0400
-------- [ 0.0200- 0.0300
1 ' ' ' ' [ 0.0100 - 0.0200
: : [ ] 0.0030-0.0100
Ty T T [ 0.0000 - 0.0030
: : [ 1 Below 0.0000

I:l Undefined Value

170.50 170.60 170.70 170.80 170.90 171.00
Sigma Layer No. 1 of 3.

Statistical masimumn :
Class 2 [kg/m™3]
B sbove 01500
[ 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ 101200- 01300
[ 1 0.1100 - 0.1200
[ 0.1000 - 0.1100
1 0.0800 - 0.1000
[ 0.0600 - 0.0300
[ 0.0500 - 0.0600
I 0.0400 - 0.0500
I 0.0300 - 0.0400
I 0.0200 - 0.0300
[ 0.0100 - 0.0200
[ 0.0030 - 0.0100
[ 1 0.0000 - 0.0030
] ; ; ; ; ; [ ]Below 0.0000
-45.95 T I T IR |:| Undefined Value
170.50 170.60 170.70 170.80 170,90 171.00
Sigma Layer No. 1 of 3.

Figure 11.16b:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom) for sizescin the bottom layer (L1dver 24
disposal cycles for wind scenario 4 (light NNE wirad disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respégtiwas 230 mg/L and 160 mg/L.
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Figure 11.16c:Max. SSC composite envelopes for predominantly-silt peopload (top) and the
average sand/silt hopper load (bottom)_for sizesctin the_bottom layer (L1pver 24
disposal cycles for wind scenario 4 (light NNE wirat disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respégtiwas 270 mg/L and 180 mg/L.

Summary of resultsthe above comparison of maximum SSC compositeseeest a
predominantly-silt hopper load and the overall ager sand/silt hopper load for the
silt-size classes in the bottom layrows that:

* maximum bottom-layer concentrations in the vicirofythe disposal ground
are considerably higher for the predominantly{sidpper discharge compared
with the average sand/silt hopper loads reportethdhe previous sections.
For class 1 (fine silts), the increase would be%.3hd 145% for light WSW

Port of Otago Dredging Project: Harbour and Offehidiodelling 251



—NIWA_—

Taihoro Nukurangi

and light NNE winds respectively, with equivalentcreases of 140% and
150% for class 2 sediment size (medium silts) a&s@PAd higher in both cases
for class 3 sediment size (coarse silts). Howewéh respect to light winds,
the highest excess concentrations in and aroundidip@sal area would still
occur under WSW winds (Fig. 11.15) even thoughpbeeentage increase is
higher for finer silts under NNE light winds whenomngparing a
predominantly-silt hopper load versus an averagsamd load;

e overall in the vicinity of the disposal area, thighest maximum excess
concentration of any of the silt classes would éeched in moderate WSW
winds by the coarse-silt fraction, reaching 350 Imgdmpared to 230 mg/L
based on an average sand/silt hopper load (arese@E 150%);

e combining all the “silt” size classes, the maximuiti-derived SSC in the
bottomlayer in the vicinity of the disposal ground, the worst wind scenario
(a moderate WSW wind), would increase from arou2 éng/L for an
average sand/silt hopper load to around 910 mg/t dosmaller, but
predominantly-silt hopper load—an increase of acoih5%;

e combining all size classes, the totahximum SSC in the bottotayer in the
vicinity of the disposal ground, for a moderate WS¥Wid, would actually
decrease from around 2100 mg/L for an average séindbpper load to
around 1150 mg/L for a smaller, but predominanitth®pper load—because
of the much smaller sand volume in the latter;

» for shoreline areas (e.g., Otago Heads and nortboohish Head) when the
edge of the plume makes contact, the maximum S§&€Eafch silt size class in
the bottom layer is not likely to be noticeablylneg for the predominantly-silt
hopper discharge for light WSW or NNE wind condiso but the area over
which the silts disperse at very low concentratiass slightly more
widespread. Both these findings are indicative loé tighly dispersive
processes for suspended silt that operate on tagoGthelf, once they leave
the disposal area.

11.4.4 Predicted upper-bound deposition patterns

As described in Section 11.3.2, the various spdikttibutions of seabed deposition
accumulated from each of the sets of 48-hour dapesdows were plotted for each
size class as shown in Figures 11.17-11.20. Tws ple provided - one to cover the
full range of accumulated deposition and the sedondover the lower-end of the
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deposition range to focus more on far-field effedtsese results were then combined
across all four sediment sizes to derive the actabed deposition (mm) on the
seabed at the end of the dredging programme, agnsimoFigure 11.21a, b. Finally,
the accumulated deposition values were convertedaimeposition rate (mm per day)
in over the course of the dredging programme, asvshn Figure 11.22 (assuming
120 days continuous dredging (Section 7.3.3) faiseovative estimates of deposition
rates). These zones for various deposition ratesuaed by James et al. (2009) to
assess the ecological effects. Note: the depositis would be lower for a longer
dredging programme.

The key assumption on which these distributionseveadculated is that sediment that
has been deposited on the bed remains there forddination of the dredging
programme. Clearly this is a rather conservatisuaption, especially for the finer
sizes, which will be regularly mobilised by wavetiae and moved on in an ever
increasing dispersive manner. Also a conservatgeiraption was made that the wet
bulk density of settled sediments would be onlyQLR@/nT, thus erring on the higher
side of deposition depths. Finally, losses of siltd sands that may overflow from the
hopper into the Harbour waters during dredging werededucted from the volumes
discharged over the disposal ground. Consequenilyaldb counts, the offshore
deposition plots provide a conservative upper baamdeposition depths on which to
assess environmental effects, bearing in mind tispedsive behaviour of fine
sediments on an active, exposed shelf system.

The key results from the deposition distributiors a

- for the AO disposal site option, the depositiopriedominantly on the disposal
ground and to the north of it (Fig. 11.21), arisfrmm the persistent northerly
residual current. Within the 2-km diameter disposata, the maximum
predicted deposition in any 555390 m cell from #ezumulated plume
simulations was 1.75 m near the centre of AO, avetamged 1.1 m depth
across the 2-km diameter disposal area. In prattie@veragenound height
would be somewhat higher in the range 1.4-1.8 ma® of the material will
fall en-masse from the hopper as a dynamic comp@reéde passive-plume
model which treats each discharged sediment padih separate unit;

« the small degree of deposition to the south-eagtlynaccurs at times during
light NNE breezes;

» fine silt deposition (Fig. 11.17) occurs over thelest area as expected in a
highly dispersive environment with slowly-settlisgdiments, which contrasts

Port of Otago Dredging Project: Harbour and Offehidiodelling 253



—NIWA_—

Taihoro Nukurangi

with sand (Fig. 11.20), where deposition is muchranconfined, occurring
well offshore and to the north and north-east efdlsposal ground;

* deposition would be low along coastal areas, ang where the suspended-
sediment plume edge comes in occasional contath,asiOtago Heads (north
of Wickliffe Bay) and the northern coast from CafmiHead northwards (Figs.
11.17-11.18). Where deposition is predicted to ndbe accumulation would
be less than 0.5 mm thick over the dredging programrhis is an upper-
bound estimate, but in reality these “depositediirments, being fine and
medium silts, will often be mobilised by wave aityivin shallow coastal
waters and continue to be dispersed over a wide @tee modelling shows no
deposition of silts or sands would occur in BluasRay and Karitane within
48 hours of disposal occurring (Fig. 11.17-11.21);

» all silt sizes would be dispersed further northntltiae northern boundary in
the hydrodynamic model at Shag Rock, but depositionld be very small at
<0.1 mm;

+ based on the use of a 10,800 capacity TSHD and a continuous 120-day
dredging programme, the area influenced by varideposition rates are
shown in Figure 11.22. The area where a deposratas of more than 0.08
mm per day would occur (as an upper-bound) extapgsoximately 18 km in
N-S direction (mainly to the north) and 5 km in tidFig. 11.22) covering 77
km?® The area in which the deposition rate would=Bet mm per day would
extend only to the northern terminus of the Persspit (—45.655°N)
covering up to 29 kiwhile smaller areas where accumulated deposititesr
would exceed 0.8 and 1.7 mm/day (Fig. 11.22) caaider 18 krf and 11
km? respectively (including the disposal mound);

« the accumulated deposition pattern for fine sanig. (E1.20b) is closely
aligned with the results from the sand transportdefing described in
Section 12, which indicate persistent net sandspari to the north, with
minimal transport in all other directions. Furthdére spatial extent of sand
deposition over 50 mm in Figure 11.20a shows tkel\i spatial pattern of
where long-term sand transport will head from tlfgedésposal area, given the
sand fraction in the suspended-sediment plume ditgosal would quickly
settle and mostly would travel in the bottom layeomparing Fig. 11.11d
with Fig. 11.12d). This is also the layer wheregdgarm sand transport would
take place after previously settled dredged mdtisrimobilized by waves and
transported by the same northerly-directed residuatent, although in
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subsequent months and years the transport wouttbieantly occur much
closer to the seabed than when sand is releastteinpper water column
from a hopper (which is the case for Figure 11.20a,

Total - Fine Silt deposition (mm)
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1705 17055 1706 17065 1707 17075 170.8 170.85 1709 17095 171

Figure 11.17a:Spatial distribution of deposition (mm) estimated €lass size 1 (fine silt) over the
dredging programme for the 15-m Harbour channeteNthe dotted line near the top
marks the northern boundary of the model.

Total - Fine Silt deposition (mm)

1705 170.55 170.86 17065 1707 170.75 1708 17085 1709 170.95 171

Figure 11.17b:Spatial distribution of deposition (mm) estimated ¢lass size 1 (fine silt) with scale
covering the 0-5 mm range.
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Total - Medium Silt deposition (mm)
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Figure 11.18a:Spatial distribution of deposition (mm) estimated €lass size 2 (medium silt) over
the dredging programme for the 15-m Harbour charvete: the dotted line near the
top marks the northern boundary of the model.
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Figure 11.18b:Spatial distribution of deposition (mm) estimated €lass size 2 (medium silt) with
scale covering the 0-5 mm range.
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Figure 11.19a:Spatial distribution of deposition (mm) estimated €lass size 3 (coarse silt) over the
dredging programme for the 15-m Harbour channeteNthe dotted line near the top
marks the northern boundary of the model.
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Figure 11.19b:Spatial distribution of deposition (mm) estimatent €lass size 3 (coarse silt) with
scale covering the 0-5 mm range.
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Total - Sand deposition (mm)
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Figure 11.20a:Spatial distribution of deposition (mm) estimated ¢lass size 4 (fine sand) over the
dredging programme for the 15-m Harbour channel.
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Figure 11.20b:Spatial distribution of deposition (mm) estimated ¢lass size 4 (fine sand) with scale
covering the 0—-20 mm range.
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Total deposition (mm)
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Figure 11.21a:Spatial distribution of total deposition (mm) estited for all class sizes over the
dredging programme for the 15-m Harbour channeteNthe dotted line near the top
marks the northern boundary of the model.
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Figure 11.21b:Spatial distribution of deposition (mm) estimated il class sizes with scale covering
the 0-10 mm range.
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Figure 11.22: Zones within which various average deposition rébes per day) are exceeded for
all sand/silt fractions from the disposal plume mitidg over the entire dredging
programme (final channel design). The depositiotesraare conservative, being
applicable to a mid-size TSHD of 10,808 capacity where the dredging extends for
120 days continuouslySpurce of background ma@hart NZ661, LINZ].
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12. Long-term sediment transport from the disposal site

12.1

12.2

Disposal mound

The Project Next Generation proposal is to dredgkdispose of up to 7.06 Mnof
sea-bed material dredged from the existing chaforethe 15-m Harbour channel
design. The process of investigating various ogtimn an appropriate disposal area is
discussed in Section 11.2, with the selected sitéobated in Figure 11.2.

A disposal ground would need to be around 2 kmiamdter (Fig 11.2) to limit the
mound height to under 2 m. In the previous seclibrl.4, the accumulation of the
deposition from the plume model runs, assuming aibutk density of 1300 kg/fn
resulted in a maximum height of 1.75 m in the aemf AO, but averaging 1.1 m
across the AO circular area, with around 40% exdod to dispersion of suspended
sediment from the disposal area and its periphBEnis export factor may be at the
higher end of what is achieved in reality, as tragmpf fine sediments would occur in
the context of an en masse descent of a large wlaimmaterial, which is not
specifically included in the passive-plume modejliThe average mound height is
expected to be between 1.4 and 1.8 m above thgitmoid seabed bathymetry.

Approach to long-term sand transport from a disposamound

Two disposal area options were assessed for long-sediment transport, where
“long-term” is defined as spanning months and yediar the disposal of sediments
has occurred.

The closer Al site (Fig. 11.2) is where an ADCP soeiag both currents and waves
was deployed for over 4 months, enabling a comprgtie analysis to be undertaken
on sediment transport at the ADCP site. It provié@dopportunity to unpack the
physical processes that generate sediment transpdite shelf off the Otago Heads,
such as the interplay between currents, net relsidugent and coincidence of currents
with wave events from different directions. Armedhathis specific knowledge, a
subsequent analysis of long-term sediment transfrorh a second (preferred)
disposal site at AO (Fig. 11.2) was undertakenngusimulated data on waves and
currents from the offshore models described respygtin Chapters 8 and 10.

For long-term sediment transport, the assumptiomasle that the small grain size
fractions of < 0.1 mm (particularly silts) in thaerace layer of the mound have been
winnowed out either during the descent phase ohtigper disposal or resuspended
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from the surface layers of the mound by wave agtignd widely dispersed in
suspension. Consequently, the long-term sedimansport within the surface layer of
the mound will be predominantly sand transport. Tdi®wing sections describe the
estimates of long-term transport of a range ofrgedes (0.1 mm to 0.5 mm, which
covers fine and medium sands) through the Al andli8posal area, based on the
methodology described in detail in Appendix Il.

Sand transport through disposal site A1

The methodology used to estimate sand transpougththe Al disposal area option
is described in more technical detail in AppendiXNote that we have no actual field
measurements of sand transport which would be tesealidate these estimates.

Initially, a full analysis was undertaken for thenminally 4-month field period from
18 March to 4 August 2008 (with gaps between AD@&plalyments) to estimate
transport using actual measurements of waves aneénts. The waves measured
during the 2008 field period were somewhat highantthe long-term hindcast wave
climate (described in Chapter 8) as shown in Tal®el, with all four months
producing a mean significant wave height greatantthe 5-year average for the
particular month. This means the sediment-tranggginnates based on the 2008 field
period will be higher than the long-term average,rbased on the ability of waves to
mobilise fine sands on the seabed.

Monthly-mean significant wave height at Al duriniget2008 field programme
compared to the monthly-mean hindcast wave heghthie 5-year period 2003-2007
listed in Table 8.8.

Monthly-mean significant wave height (m)

Month 2008 ADCP measurements 5-year hindcast (2003-07)
April 1.30 1.12
May 1.66 1.14
June 1.43 1.18
July 1.88 1.16

T contains some absent data, especially during cgdegods when the ADCP is less accurate in deeper
water, but also from ADCP deployment turnaround quiriwhen it was calmer to operate with vessels
and divers. This introduces a small bias towanggty higher monthly-mean wave heights.
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Finally, in order to estimate long-term effectsa@ve activity on sediment transport at
site A1 (where the ADCP was located), a 10-yeaddast of the wave climate from
MetOcean Solutions (described in Chapter 8) wad tseletermine the percentage of
time that waves would be capable of entraining ser#ll.

The sediment grading curves from coring in the Ildarbchannel show that the
predominant sand sizes in the bulk of “sandy” makéo be dredged are in the range
0.1-0.3 mm (fine sands), but there is a smalletifva (<10%) of medium sands from
0.3-0.6 mm and an even smaller fraction of coaasels and gravels above 0.6 mm
(Opus International Consultants, 2008). Note tmgezof grain sizes that were used in
this Chapter to estimate sediment transport wete005 mm, which will form the
dominant contribution to sand transport rates.

12.3.1 2008 field period assessment

Figures 12.1 to 12.5 show measured waves and t¢si@éesite Al with critical wave-
orbital speed and critical current speed for ititia of sediment motion both
superimposed. Critical speeds are shown for a rahgand grain size®{ = 0.1, 0.2,
0.3, 0.4 and 0.5 mm).

Figures 12.6 and 12.7 shows a comparison of thiealrispeeds (wave-orbital and
current, respectively) for all grain sizes on tine graph.

These figures illustrate how larger grain sizesuireghigher wave-orbital speeds and
current speeds to initiate sediment motion on #aed. Currents rarely exceeded the
critical speed required to entrain sediment, evethé case of the smallest grain size
(Ds = 0.1 mm). Currents were not capable of entraitireglargest sand sizB{= 0.5
mm) at all. In comparison to currents, wave-orbgpkeds were larger and were
frequently capable of entraining all grain sizefie Tconclusion is that waves are
primarily responsible for entraining seabed sedimen depths of around 30 m, and
we focus the rest of this analysis accordingly.

Figure 12.8 shows a vector plot of waves, where thetor magnitude is the
significant wave heightls and the vector direction is the peak spectral wiikextion
Dy, which is the direction that waves propagate froviave direction is divided into
five sectors, which will feature in the followinghaysis (sector 1 denotds = O;
sector 2 iD, = 0-97°; sector 3 iB, = 97-142°; sector 4 B, = 142-180°; sector 5 is
D, = 180-360°). Table 12.2 shows the percentagera that waves came from each
sector. Approximately 15% of the time there werewaves (or, to be more precise,
waves were not detectable by the ADCP, becausmalf feight and/or short period).
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Waves were present for 85% of the time, where gm&sin this context means
detectable by the ADCP on the seabed. Waves carse fraguently from sector 4
(southeast), followed by sectors 2 and 3. Waves fsector 5 (west of south between
the site and the shoreline) were rarely detectable.

Table 12.3 shows time that waves were capabletodiaing each sediment grain size
(Ds=0.1, 0.2, 0.3, 0.4 and 0.5 mm), expressed @&sceptage of the total time and as
a percentage of the time that waves were pregémen waves were present they were
often capable of entraining sediment (81% of theetfor Ds = 0.1 mm, reducing to
36% of the time foDs = 0.5 mm). Since waves were present for 85% oftithe,
sediment was therefore often in motion.

Table 12.4 shows the same information as Table W&l&n down by wave sector.

Figure 12.9 shows a vector plot of currents, wiileesvector magnitude is the current
speedU, and the vector direction is the direction thatreots propagate to. The
principal axis of the current ellipse is orientaighly northwest—southeast and is
approximately symmetrical (visual estimation only).

Figure 12.10 shows a progressive vector plot forrfrech the current speed and
direction measured at a height of 2.26 m aboveséiaded over the whole duration of
the ADCP deployment. The net (or “residual”) cutrems directed approximately to
the southeast.

Figure 12.11 shows progressive vector plots forctiveent formed from the measured
current speed and direction over each of 10 indafidevents”, defined as periods
when waves were more-or-less continuously capabénimaining 0.1 mm grain size
bed sediment. The events so defined are shownguréil2.12The net (residual)
current over the duration of each event was praltfithe same (i.e., to the southeast)
as the net current over the whole duration of tBeCR deployment (i.e., regardless of
whether waves were capable of entraining the 0.1 bwd sediment). This
demonstrates that wave events were typically nsd@sated with any unusual current
pattern.
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0.1 mm superimposed.

Measured waves, currents and depihaf site A1 with critical currentd;) and wave-

orbital U,) speeds for initiation of sediment motion fog
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0.2 mm superimposed.

Measured waves, currents and depihaf site A1 with critical currentd;) and wave-
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0.3 mm superimposed.

Measured waves, currents and depdha¢ site Al with critical currentJ;) and wave-

orbital U,) speeds for initiation of sediment motion fog
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0.4 mm superimposed.

Measured waves, currents and depihaf site A1 with critical currentd;) and wave-

orbital Uy,) speeds for initiation of sediment motion fog
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Figure 12.5:

0.5 mm superimposed.
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Figure 12.6: A comparison of the critical wave-orbitspeed (i) for all grain sizes compared with the measuredenabital speedd,,).
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Figure 12.7: A comparison of the critical current-flospeedsl. ;) for all grain sizes compared with the measuredett speedy).
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Figure 12.8: Vector plot of waves, where the vector magnitudsigmificant wave heightls and
the vector direction i®, (direction that waves propagate from). Wave dioects
divided into 5 sectors (sector 1 dendtks= 0; sector 2 i®, = 0-97°; sector 3 B, =
97-142°; sector 4 B, = 142-180°; sector 5 [3, = 180-360°).
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Table 12.2:  Percentage of time waves came from each sectantofSedenotesis = 0.)

Sector
1 2 3 4 5
14.5 27.3 19.2 38.7 0.2

Table 12.3:  Percent of time sediment was mobilized and entdainewaves into the water column

(expressed as percentage of total time and asmagee of time that waves were

present and detectable by the ADCP at the seabed).

Ds (mm) Percentage of total time Percentage of time tha t
waves are present

0.1 70 81
0.2 56 65
0.3 45 53
0.4 37 44
0.5 31 36

Table 12.4: Percent of time sediment was mobilized and entdaiiméo the water column by

waves, broken down by wave direction sector, amtessed as (left) percentage of
total time and (right) percentage of time that véawere present and detectable by the

ADCP at the seabed.

Sector Sector
Ds 2 3 4 5 Ds 2 3 4 5
(mm) (mm)

0.1 18 18 34 0 0.1 65 94 87 50

0.2 13 15 28 0 0.2 49 77 71 25

0.3 11 13 21 0 0.3 39 67 55 25

0.4 9 11 17 0 0.4 33 59 44 25

0.5 8 10 13 0 0.5 29 52 34 0
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where the vector magnitude is the exurrspeedJ, and the vector

Vector plot of currents measured at Al during thére field programme (Bell &

Hart, 2008)

Figure 12.9:

direction is the direction that currents propagateards.
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Figure 12.10: Residual (net) current trace formed from the curspeed and direction measured at a
height of 2.26 m above the seabed over the whotation of the 2008 ADCP
deployments at site Al.
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Figure 12.11: Progressive vector plot formed from the measuredeati speed and direction over each of 10 indiMidergents” defined as periods when
waves were more-or-less continuously capable ehiing 0.1 mm grain size bed sediment. The waensvare defined in Figure 12.12.
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Figure 12.12: Events (periods when waves were more-or-less aamtisly capable of entraining 0.1 mm grain size $ediment) used in the analysis of

progressive vectors (Figure 12.11). Hsig is theiicant wave height and Uw is the wave-orbitaleghe
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The depth-integrated suspended-sediment transgegrated over the duration of the
deployments is denoted &3 (see Appendix Il for how it is calculated). Valdes ®
are shown in Table 12.5 for each sediment graie sa@culated by each of the two
sediment transport models—Rouse, cited in Raudk®90: p. 166—-168) and Nielsen
(1992). For these calculations, the nearbed cuiseatscalar only (i.e., speed without
direction). This means th&b is the integral of the scalar instantaneous trars,
which can be thought of (loosely) as the “grosslisent transport® is multiplied
by a nominal disposal mound width of 2 km in Tahke5.

The depth-integrated sediment trans@dwas calculated again, this time treating the
transport of sedimen® as a_vectomwith direction corresponding to the measured
current speed at 2.26 m above the bed. Sedimerspivat (@ ) calculated in this way
is now a vector itself, with magnituddAG[®] and directionDIR[®]. This can be

thought of (loosely) as the “net” sediment trangp®able 12.6 shows the results,
including the magnitude of sediment transport rpliéd by a nominal disposal
mound width of 2 km (as in Table 12.5).

Figures 12.13a and 12.13b show progressive veldts of sediment transport formed
from the Nielsen and Rouse model predictions (retspy) of MAG[&D] and

DIR[®] for 0.1 mm grain size bed sediment for each of 1Beindividual events

defined in Figure 12The two models show similar net transport direcjdmowever
the transport magnitudes are different, as alrefdstrated in Table 12.6. For most
events the net transport was to the southeasthvidithe same direction as the overall
residual current (Figure 12.10), but events 6 anth Qvhich net sediment transport
was directed towards the northwest and north, scepdions. Furthermore, sediment
transport was turned towards the north for shortode within other events (e.qg.,
event 5). Turning of transport to the north is ealiby periods of high waves (within
events) occurring when the current was setting tdsvehe north.
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Table 12.5: @, the “gross” sediment transport in grams per wmt width (see text for
explanation), andd multiplied by a nominal dredge disposal mound tvidf 2 km
using two sediment transport formulae for varicaisdsgrain sized)y) and associated
settling velocities \\;). Note: 1 g/cm width sediment transport is equivalent tb 0
kg/m width.

Rouse model Nielsen model
o | W © | Prpnd | @ | @ xnand
(mm) (cm/s) (g/em) (tonnes) (g/cm) (tonnes)
0.1 0.64 170,500 34,100 4,601,123 920,224
0.2 1.88 12,145 2,429 278,423 55,684
0.3 3.25 4,653 930 58,708 11,741
0.4 4.75 2,488 489 19,736 3,947
0.5 6.38 1,497 299 8,504 1,700

Table 12.6:  Magnitude and direction\]JAG[®] and DIR[®]) of the “net” sediment transport in
grams per cm width (see text for explanation), M}élG[&J] multiplied by a nominal
dredge disposal mound width of 2 km using two sedintransport models for various
sand grain sizesDf) and associated settling velocitiedt). Note: 1 g/cm width
sediment transport is equivalent to 0.1 kg/m width.

Rouse model Nielsen model

D w, | MAG[®]| DIR[®] 'V'Acfj[q?j: MAG[®] | DIR[®] 'V'Acfj[q?j:
(mm) (cm/s) ° mound widt mound widt

(gfem) CN) (tonnes) (gfem) CN) (tonnes)
0.1 0.64 116,383 157 23,276 2,850,365 166 570,073
0.2 1.88 6,639 164 1,327 173,311 166 34,662
0.3 3.25 2,447 165 495 36,442 166 7,288
0.4 4.75 1,294 165 258 12,214 166 2,442
0.5 6.38 788 165 157 5,244 166 1,048
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Figure 12.13a:Progressive vector plot formed from Nielsemediction of sediment transleAG[(TD] and DIR[(TD] for 0.1 mm grain size

bed sediment for each of the 10 individual evedtdifed in Figure 12.12). Note: the large scalengkaof 60x required for
the high wave event #10.
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Figure 12.13b:Progressive vector plot formed from Roysediction of sediment transpd#AG[®] and DIR[®] for 0.1 mm grain size

bed sediment for each of the 10 individual evedtdifed in Figure 12.12). Note: the large scalengkaof 75x required for
the high wave event #10.
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12.3.2 10-year wave hindcast estimates of active sand traport occurrences at Al

In order to estimate long-term occurrences of waestvity on sediment transport at
site A1 (which is where the ADCP was located), watatistics from a 10-year
hindcast of the wave climate using the SWAN (SitintaWaves Nearshore) model
(Chapter 8) were utilised as follows:

* the SWAN model produced directional wave spectrhoairly intervals over
the wave model domain for a 10-year period 1998#3@hapter 8), and the
standard spectral wave parameters were outputhauBy intervals. Wave
statistics fs, T, andD,) from the 10-year hindcast period were extractethf
the model for site Al;

* wave orbital speed$),, and the critical wave orbital speedk, . were
calculated from the hindcast data in the same wagyescribed for the ADCP
field data (Appendix II);

» the water depth was fixed at 29.5 m.

Figure 12.14 shows the hindcast wave data and lagdcuwave-orbital speed at the
bed over the 10-year period at site Al.

Figure 12.15 shows a comparison of the critical evarbital speeds, calculated from
the wave hindcast dataset, for all grain sizeshenane graph. Wave-orbital speeds
were frequently capable of entraining all grairesithat were tested, which was also
the case with the 4-month ADCP field dataset (FedL2.6).

Figure 12.16 shows a vector plot of hindcast wawén®re the vector magnitude is the
significant wave heighHs and the vector direction B, which is the direction that
waves propagate from (Figure 12.8 shows a simitairfpr the 4-month ADCP field
dataset). Waves from the 10-year hindcast datggebached the site from a similar
set of directions and with a similar range of magés as waves measured by the
ADCP during the 4-month field period.

Table 12.7 shows time that hindcast waves werebtapd entraining each sediment
grain size Ps = 0.1, 0.2, 0.3, 0.4 and 0.5 mm), expressed as@eptage of the total
hindcast periodTable 12.8 shows the same information as Tabled®ken down by
wave sector, and can be compared with the fielbgeesults in the left-hand side of
Table 12.4. Waves were capable of suspending 0.Tinensands for 49% of the time,
reducing to 17% of the time for coarser 0.5 mm sgatl wave sectors). This is less
often than calculated from the ADCP field data pe&ri81% of the time fobs = 0.1
mm, reducing to 36% of the time f@s = 0.5 mm). An explanation is that there is
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seasonal variability in the hindcast wave data thedADCP data were acquired in a
season when wave activity was higher. This suggessi supported by the analysis of
the 10-year wave hindcast at site Al, presentethlrie 8.8, which showed that the
largest mean significant wave heidfy was in winter (1.22. m), followed by autumn
(1.09 m), summer (0.97 m) and spring (0.95 m). ADECP field data were collected

during autumn and winter (18 March — 4 August 2008)ere were also gaps in the
field data when wave heights were low and unablegaletected by the ADCP to
sufficient accuracy at the 30 m depth, which walhrewhat bias the monthly-average
wave height measurements to be slightly higher.

Table 12.9 presents another seasonal analysi€ dfitldcast wave data, which shows
the time that waves were capable of entrainingn@ni fine sands, split into seasons
and expressed as a percentage of the season dufidi® most energetic season was
winter (waves were capable of entraining sedimen62% of the time) followed by
autumn (53%), spring (45%) and summer (33%).
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A comparison of the criticalvave-orbital speed for all grain sizes with thevesarbital speed at the b&d), calculated from

the 10-year wave hindcast at site Al.

Figure 12.15:
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Figure 12.16: Vector plot of hindcast waves, where the vector mitage isHs and the vector
direction isD,, which is the direction that waves propagate from.

Table 12.7:  Percentage of total time sediment is entrainedlabyA10 years of hindcast waves.

Ds (mm) Percentage of total time
0.1 49
0.2 33
0.3 24
0.4 19
0.5 17
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Percentage of total time sediment is entrainedlabyA 10 years of hindcast waves,
broken down by wave direction sector (Fig. 12.16).

Sector
Ds 2 3 4 5
(mm)
0.1 10 7 32 0
0.2 7 6 20 0
0.3 5 5 14 0
0.4 4 4 11 0
0.5 4 4 9 0

Percent of total time waves are capable of entrgifil-mm fine sands at Al, broken
down by season and expressed as percentage @adensduration.

Season

Summer Autumn Winter Spring

33% 53% 62% 45%

Sand transport through the preferred disposal siteAO

Four-month 2008 field period

Sediment transport at site AO (the preferred diagpsite) for the period spanned by
the ADCP deployment at site A1 was estimated bymbthod described in Appendix
Il (Section 16.2). Wave height, period and direttmeasured at site A1 by the ADCP
during the 2008 field period were assumed to apptiiout modification to the site
A0, which is in the general vicinity of Al, 3 km aw However, the conversion of
wave heights and periods to wave orbital speettgedbed was computed with a water
depth that was 2.5 m less than the water depthurehdy the ADCP at site Al, to
account for the shallower depth on top of the sulger@ Peninsula SpiThis means
for any combination of significant wave height andve period, that the near-bed
wave orbital speeds will be somewhat higher at Bibecompared to Al (Figure
12.17).
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Current speed and direction at site AO were predidity the DHI MIKE-3 (FM)
hydrodynamic model (described in Chapter 10) tlateced the entire 2008 field
deployments at Al.

Figure 12.18 shows a vector plot of currents a #0 predicted by the offshore
hydrodynamic model (compare with Figure 12.9, whattows a similar plot for

currents measured at site Al). The principal dioest of the current vectors were
oriented approximately to the north and southdast,overall elongated towards the
north. In contrast, the current ellipse at site Was oriented roughly northwest—
southeast, and was more symmetrical in either tilirecbut with a net current bias to
the southeast as shown by Bell and Hart (2008).

Figure 12.19 shows a progressive vector plot forrfrech the current speed and
direction at site AO, predicted by the offshore foglynamic model (compare Figure
12.10, which shows the same plot for currents measat site Al, but note that the
scales are different in the two figure$he net (residual) current was directed firmly
to the north. This contrasts sharply with the netent at site A1, which was directed
to the southeast. The magnitude of the net cuaestte A0 was also much greater
than the magnitude of the net current at site Al.

Figure 12.20 shows progressive vector plots fordineent formed from the current

speed and direction at site AO (predicted by thé Dbidel) over each of 10 individual

“events”, defined as periods when waves were moiess continuously capable of
entraining 0.1 mm grain size bed sediment. Thevadgmt progressive current vector
plots for Al from Figure 12.11 are also shown imgufe 12.20 to contrast the

differences between the two disposal site optidhg. ten wave events are defined in
Figure 12.12 above. The net (residual) current @toRer the duration of each wave
event was typically towards the north, which costsasharply with the result for site
Al (net residual current over the duration of eaeént typically to the southeast).
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Figure 12.17: Comparison of wave orbital speedg at site Al (estimated from measured ADCP
data) andJ,, at site AO (wave height and period measured atAit by the ADCP
assumed to apply without modification except fonw@rsion to wave orbital speeds
using a water depth that was 2.5 m less than therwapth at site Al).
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Figure 12.18: Vector plot of currents at site AO, predicted by thffshore hydrodynamic model
(small coloured crosses), compared to the currectovs from Figure 12.9 that were
measured at site Al (black dots).
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e Sijte A1 (measured, ADCP)
e Sjte AO (predicted, DHI model)

km

Figure 12.19: Residual (net) current trace formed from the cursgeed and direction at site A0
(coloured line) predicted by the hydrodynamic modehich is plotted with the
measured residual current trace from Al (black)lisigown in Figure 12.10, both
covering the 2008 field period. (Note: the lengthls is different than Figure 12.10).
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—— Site A1 (measured, ADCP
—— Site AO (predicted, DHI model)

N

Events1-5 _— T
100 km

Figure 12.20: (Continued on next page). Residual current plamneat from the current speed and direction at sitgpk@dicted by the DHI model), over
each of 10 individual “events” defined as periodsew waves were more-or-less continuously capabentining 0.1 mm grain size bed
sediment, plotted with the residual current trdoeshe same events at site Al from Figure 12.1k @vents are defined in Figure 12.12.

Port of Otago Dredging Project: Harbour and Offehidiodelling 292



—NIWA_—

Taihoro Nukurangi

—— Site AO (predicted, DHI model)
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100 km

Figure 12.20: (Continued from previous page). Residual curreat furmed from the current speed and directiontatA0 (predicted by the DHI model),
over each of 10 individual “events” defined as pési when waves were more-or-less continuously dapdlentraining 0.1 mm grain size
bed sediment, plotted with the residual currerdesaor the same events at site A1 from FigurellZ he events are defined in Figure 12.12.
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The “gross” sediment transport at site AO overghtire 4-month 2008 field period is
shown in Table 12.10 for each sand size calculbayedach sediment-transport model
(Rouse and Nielsen). (Similar information for gie is shown in Table 12.5).

The corresponding “net” transport at site AO, tgkinto account the direction of
sediment transport in the summation, is shown inlda2.11 for each sediment grain
size calculated by each model (Rouse and Niel¢8mpilar information for site Al is
shown earlier in Table 12.6).

Sediment transport rates are larger at site A0 emetpto site Al, for two reasons: the
larger bottom-orbital speeds at the shallowerAfienobilize more bed sediment; and
the stronger currents offshore transport more pEnged sediment.

The other key finding (comparing Tables 12.10 aBd.1) is that the “net” sediment
transport at AO is very close to the “gross” tram$97+%), implying there is very
little sediment transport in any other directioradgrom towards True North. This
compares with site Al (Tables 12.5 and 12.6), whbee“net” is 62-68% of the
“gross” transport (depending on the sediment maded), implying there are more
occurrences of sediment transport in different adioms than the prevailing SSE
transport direction. The strong net tendency forthweards transport from AOQ is
confirmed by Figures 12.21a and 12.21b, which sippegressive vector plots of
sediment transport formed from the Nielsen and Bquedictions (respectively) of
MAG[®] and DIR[®] for 0.1 mm fine sands for each of the 10 individaizents in

the 2008 field period (defined in Figure 12.12 adjosimilar information for site Al
is shown in Figures 12.13a and 12.13b (note thinwsdifferent scales). As was the
case for site Al, the two models show similar mahgport directions, however the
transport magnitudes are different. In contrasit®Al, where for most events the net
transport was to the southeast, for most evergggeatAO the net transport was to the
north.

Consequently, there is more surety of the direabilong-term sediment transport for
a disposal site at A0, compared to site Al closghnadre, with transport predominantly
to the north along the submergent Peninsula Spit.

However, the rate of sediment transport is muchenatifficult to quantify. Estimates
are very sensitive to current speed and wave-érpeed, as exemplified by the large
differences of one to two orders of magnitude betw¢he Rouse and Nielsen
sediment-transport models in Tables 12.10 and 1@&itdilarly for site Al in Tables
12.5 and 12.6). The predicted “net” sediment trartsgate for the finer 0.1 mm sands
is likely to lie somewhere between these two esesaf 0.06 Mt and 1.5 Mt through
a 2-km wide E-W section of the disposal area ato&ér the_4-montHield period
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(Table 12.11). For a 0.3 mm grain size, the twded#nt “net” estimates would be
closer together, but much smaller at 0.002 Mt a2 Mt for Rouse and Nielsen
models, respectively.

This compares with the total disposal of 7.06 Mrhsediment for the 15-m Harbour
channel option, which, allowing for an initial lodaring disposal due to water-column
dispersion, and assuming a wet bulk density of 18 for newly-settled
sediments on the seabed, and taking into accoumtwdder dispersal of finer
sediments, leads to an estimated total weight pfagimately 8 Mt. In comparing the
estimated “net” sediment transport rates above whis total mass of disposed
dredged material, one cannot simply divide the &jithe net rate to obtain the time
for the mound to deflate. It needs to be recognihatlsediment transport through the
2-km wide cross section of the disposal area amtudes transport of “natural”
seabed sediments derived from upstream (i.e., paitlthe disposal area, so the
transport rate wouldn't solely be derived from tliedged material. This is covered in
Section 12.5.2.

Any further refinement in quantifying sediment tsaort rates would require field
experiments on the seabed using instrumented &igod measure bedload and
suspended-sediment load directly under a varietwaife and current conditions to
“locally” calibrate a sediment transport model floe area.

@, the “gross sediment transport (over the 4-month 2008 fieddiqd) in grams per
unit cm width, and® multiplied by the dredge disposal mound width d&r@ using
two sediment transport models for various sanchgsiies Ds) and associated settling
velocities (Vy). These are results for site AO; see Table 12:5dsults for site Al.
Note: 1 g/cm width sediment transport is equivalent.fok®/m width.

Rouse model Nielsen model
D W o ® x mound o ® x mound
S S . .
width width
(mm) (cm/s) (g/cm) (tonnes) (g/cm) (tonnes)
0.1 0.64 302,089 60,417 7,844,195 1,568,839
0.2 1.88 20,537 4,107 475,485 95,097
0.3 3.25 7,856 1,571 100,306 20,061
0.4 4.75 4,135 827 33,732 6,746
0.5 6.38 2,531 506 14,540 2,908
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Table 12.11: Magnitude and directiogMAG[®] and DIR[®]) of the “net sediment transport in

grams per unit cm width over the 4-month 2008 figleriod, and MAG[®]

multiplied by a nominal disposal mound width of Bh Ko provide estimates of
sediment transport in tonnes through the entirpadial mound . These are results for
disposal site option AO; see Table 12.5 for comesjng results for disposal site
option Al. Note:l g/cm width sediment transport is equivalent.tokg/m width.

Rouse model Nielsen model

hrd e D] x e = D] x

D, w. | MAG[®]| DIR[®] '\"Acfj[q_’(]h MAG[®] | DIR[®] '\"Ai[q_’j h

(mm) (cm/s) o mound widt o mound widt
(g/em) N (tonnes) (g/cm) CN) (tonnes)

0.1 0.64 296,655 356 59,331 7,621,729 358 1,524,345
0.2 1.88 19,852 357 3,970 462,029 358 92,405
0.3 3.25 7,584 358 1,516 97,467 358 19,493
0.4 4.75 3,991 358 798 32,776 358 6,555
0.5 6.38 2,444 358 488 14,128 358 2,825
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Figure 12.21a:Progressive vector plot formed from Nielgenediction of sediment transpd#AG[®] and DIR[®] for 0.1 mm grain size bed sediment for

each of the 10 individual events defined in Figlieel2. The results for site AO (blue traces) aneegally heading north and are compared
with the equivalent black traces from site A1l (Fag@2.13a). Note: the various different scalesf@nt Nos. 5, 6, 9, 10.
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Figure 12.21b: Progressive vector plot formed from Roysediction of sediment transpd#AG[®] and DIR[®] for 0.1 mm grain size bed sediment for

each of the 10 individual events defined in Figlieel2. The results for site AO (blue traces) anmeegally heading northland are compared
with the equivalent black traces from site Al (Feg@2.13b). Note: the various different scalesf@nt Nos. 5, 6, 9, 10.
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12.4.2 10-year wave hindcast estimates of active sand traport occurrences at A0

In order to estimate long-term occurrences of waestvity on sediment transport at
the preferred disposal site AO, wave statisticeevextracted from the 10-year hindcast
of the wave climate using the SWAN model and preedsn a similar manner to that
outlined in Section 12.3.2 for the ADCP site Alcept the depth of water was set to
27 m (2.5 m shallower than the wave hindcast arsafgs Al).

Figure 12.22 shows a comparison of the critical avasbital speeds, calculated from
the hindcast dataset at site AO, for all grain siee the one graph. Wave-orbital
speeds at site AO were frequently capable of mobdi and resuspending all grain
sizes, which was also the case with the hindcast fda site Al (Figure 12.15). The
A0 site was in slightly shallower water, thus thawe-orbital speeds were slightly
stronger at the bed due to slightly less attennaifdhe wave energy.

Figure 12.23 shows a vector plot of hindcast waakesite A0, where the vector
magnitude is the significant wave heigthtand the vector direction is the peak-energy
wave directionD,, which is the direction that waves propagate fr@iigure 12.16
shows a similar plot for the hindcast data frone $itl). Waves from the 10-year
hindcast period approached site AO from a similaupging of directions and with a
similar range of magnitudes as hindcast wavestatAdi closer to Otago Heads. The
only real differences were waves during the hindpagod approached site AO from a
slightly more southerly direction and were slightyger.

Table 12.12 shows the occurrence of waves at $itduking the 10-year hindcast that
were capable of mobilizing each of the five sa@si(0.1, 0.2, 0.3, 0.4 and 0.5 mm),
expressed as a percentage of the total hindcastdpdrable 12.13 shows the same
information as Table 12.12 broken down by wave ®wediVaves were capable of
suspending 0.1 mm sediment for 55% of the timeycied) to 23% of the time for 0.5

mm sands (considering all wave sectors). This larger percentage of time than
calculated from the hindcast period at the closshare site A1 by between 6-9%
higher. This is because site A0 is in slightly &haer water, meaning wave-orbital

speeds at the bed are slightly stronger (due ® déenuation of wave energy) and
waves are therefore capable of entraining sandsnfime of the time plus slightly

higher waves approach from the south (Sector Aalier12.13).

Table 12.14 presents a seasonal analysis of compeétes at AO from the hindcast
period, which shows the time that waves were capabmobilizing 0.1 mm sand and
expressed as a percentage of the season durdiiemadst energetic season at site A0
was winter (waves were capable of mobilizing arslispending sediment for 68% of
the time) followed by autumn (61%), spring (53%3y &aummer (42%), which is the
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same pattern as at site A1. However waves at AQrame competent at entraining
sand sizes as shown by a higher percentage of reacas for all seasons at the
preferred disposal site AO in comparison to site(Adble 12.9). This is mainly due to
site AO being shallower by 2.5 m than Al and tinghsly higher southerly waves.
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Figure 12.22: A comparison of the criticalvave-orbital speed for all five grain sizes witle twave-orbital speed at the Bdgl calculated from the 10-year

wave hindcast at site AO. Note: wave orbital spedmis/e the relevant coloured band will resuspeatigtain size.
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Figure 12.23: Vector plot of hindcast waves at site A0, whereubetor magnitude is the significant
wave heightHs and the vector direction B, which is the direction that waves
propagate from.

Table 12.12: Percentage of total time sediment is resuspend&@ by 10 years of hindcast waves.

Ds (mm) Percentage of total time
0.1 55
0.2 41
0.3 33
0.4 27
0.5 23
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Percentage of total time sediment is resuspendA@ ai 10 years of hindcast waves,
broken down by wave-direction sector (Fig. 12.23).

Sector
Ds 2 3 4 5
(mm)
0.1 11 7 37 0
0.2 8 6 27 0
0.3 7 6 20 0
0.4 6 5 16 0
0.5 5 5 13 0

Percent of total time waves are capable of resulipg 0.1-mm fine sands at AO,
broken down by season and expressed as percetitégeseason duration.

Season

Summer Autumn Winter Spring

42% 61% 68% 53%

Comments on long-term sand transport from the dispsal mound

Direction of sediment movement

One of the key findings of the sediment transpoélysis for sand-sized sediments is
that the “net” sediment transport at AO is veryseldo the “gross” transport (97+%),
implying there is very little sediment transporattivould occur in any other direction
apart from towards True North. Therefore, therenre surety of the direction of
long-term sediment transport for a disposal sitd@tthan sites such as Al closer to
the coast, which would be predominantly to the matbng the submergent Peninsula
Spit.

An indication of where sand-sized sediments (saliftem the disposal mound at
A0), could move to can be inferred from the susperskdiment plume modelling of
the disposal over the dredging season (ChapterAttex. being initially deposited on
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the disposal mound, sand-sized material, partigutae finer sands (0.1-0.2 mif)
can only be re-mobilized again by waves of suffitibeight and period and then
transported short distances by the near-bed cuxkeotity operating at the time,
before settling again. Sediment transport compiigdb bedloadsand grains rolling
or hopping along the bed) and suspended-load (whersettling velocity provides a
strong pull back towards the seabed). So, whilelmafiche sand transport on the shelf
occurs relatively close to or on the seabed, theéatliag of suspended plumes of sand
discussed in Chapter 11 will produce a longer aitémzone of influence because the
sediment was released from 5 m below the surfaoeeMer, despite these differences
for the source location in the water column, thdlieg of sand-sized material is
relatively quick, so the plume-modelling results\pde a conservative (overestimate)
of the zone of influence, relative to sands re-timddl from the disposal mound at AO.
Figure 12.24 shows zones for various accumulatpdgiton rates from the disposal
plume modelling for both silt and sand sizes (Chafitl) over a continuous 120-day
dredging programme for the 15-m Harbour channe¢ dbdminance of the northward
transport is clearly illustrated. The larger deporirates above 0.4 mm/day, will be
where most of the sands deposit (rather than lisevdiich disperse much further) and
therefore are indicative of the long-term (monthyear timescales) transport pathway
and extent of transported sand that has been sbanmkre-mobilized from the seabed
off a disposal mound at A0. Some sand particlesceaufrom the mound at AO may
also reach the longer 0.08 mm/day zone shown amr&ig2.24 if they remain for long
periods in suspension or over periods of yearsnmgt sand particles reaching this
zone would be sourced from further “downstream” {orthe north) of AO, as
resuspension of sand particles occurs ubiquitooslyhe seabed during moderate to
high wave events irrespective of whether they acenfthe dredged material or
“native” sands.

This dominant northward sediment pathway matcheg elesely with the alignment
of the incumbent geomorphological feature (Pena$&pit), which is outlined by the
30 m depth contour in Figure 12.24, with depth®#29 m. This submergent spit,
has evolved over the Holocene from the prevailiegirment and hydrodynamic
processes that operate in this offshore zone arjdrrsadiment sources from the
Clutha River and to a much lesser extent the T&ser (Carter, 1986). Therefore, it
will continue to build out to the north and remdetached from the nearshore coastal
system.

Given the results from the sediment transport amlgnd the above reasoning based
on inferences from the plume modelling for san@&dimaterial and the morphology
of the offshore Spit, it is very unlikely that sasided material from the disposal
mound at AO would reach the nearshore zone (dep2@sm), other than isolated
grains.

19 which would make up about 40-50% of the sand carapbof the dredged material
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Figure 12.24: Zones within which various average deposition rébes per day) are exceeded for
all sand/silt fractions from the disposal plume eltdg (Chapter 1} over the entire
dredging programme (final channel design). Thelimo@es out to the 0.4 mm/d zone
boundary are indicative of the transport pathwag amtent of sand transported
through the disposal mound at AO. The transpoitiway also matches closely with
the alignment of the incumbent geomorphologicaltuiea (Peninsula Spit) that is
marked out by the light-blue 30-m depth contour détng providing further
confidence that the modelled net sediment transpdirection is reliable.
[Source of background ma@hart NZ661, LINZ].
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12.5.2 Transport rates and deflation of the disposal mound

Based on analysis of near-bed currents and wawe fin@ 4-month field monitoring
programme at site A1 (30 m depth), currents actiege are insufficient most of the
time to resuspend fine sands with grain sizes binfim or more. This applies also to
site A0, although there will be a few occurrencé®mwstronger currents are present to
mobilize sands independent of waves. Therefore rgéymesand transport on the
seabed is only possible when waves generate ndaottial motions of sufficient
strength (particularly swell) to resuspend sandsnfthe mound and surrounding
seabed, which can then be subsequently carrietldistances by the near-bed current
until the sands settle again. Based on a 10-yealchst of the wave climate offshore,
waves are capable of suspending 0.1 mm fine samd$5% of the time at the
preferred disposal site AO, reducing to 23% of tinee for coarser 0.5 mm sands
(from all wave directions). There is also a seabwaraation, with the most energetic
season being winter (waves were capable of resdspefine sand at AO for 68% of
the time) followed by autumn (61%), spring (53%)dasummer (42%). These
frequencies of sand mobilization will be somewhaghkr again at the top of the
disposal mound at AO.

A mass of approximately 8xi@nnes of sediment is likely to form the initiabomd
after the 15-m Harbour channel has been dredgeddban an estimated height of 1.6
m and wet bulk density of 1600 kgfmfter some initial consolidation. This compares
with the net sediment transport through a 2-kmiseat A0, which would have be in
the range of 4,000 to 92,000 tonnes (based on Ramk Nielsen models
respectively—Table 12.11) for the median sand €z2 mm) covering the 4-month
2008 field period, which was more energetic tharmad in terms of significant wave
height.

Over time periods of months and years, the disposaind will smooth out and
deflate gradually from both consolidation and d#fgial erosion (due to higher local
wave—orbital and current velocities over the tophef mound). The evolving shape of
the mound is likely to show an elongated “tail” thve northern side of the mound
from the prevailing “net” sediment transport to th@rth, but also a smoothing of the
southern side-slope of the mound as the bedloattidra of sand transport from
upstream (south) is deposited on the flanks ofitband.

An analysis of potential upper and lower boundshendeflation of the initial mound

was undertaken based on the transport rates detminfior the 4-month 2008 field

period at AO and using the mass continuity equafidre two bounds were calculated
using the following assumptions (see Fig. 12.2%kluding the mound being

composed of material with a single sand grain size:
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* lower boundon deflation period—assumed that the “net” sedimieamsport
onto the mound from the south is zero (i.e., theimioblocks the incoming
sediment transport completely) and the outgoingnsewt transport away
from the mound is at the “net” rate calculated s height of the initial
mound (which was set at 1.6 m high) and a secondfsestimates using the
rate that would apply at the halfway stage, usinthtRouse and Nielsen
sediment transport models;

e upper-boundon deflation period—assumed that the “net” sedimieansport
onto the top of the mound from the south is at rdie calculated for the
“upstream” seabed level at AO (see Table 12.11)¢hwivould apply if most
of the sand transport from upstream occurs as sdsgeload. The outgoing
sediment transport is at the “net” rate calculatgdtive to the height of the
mound (which was set at 1.6 m high initially, chisuggto 0.8 m after deflation
had reached the halfway stage) using both Rouse Nialden sediment
transport models.

The ranges of lower- and upper-bound estimatefiatd the entire disposal mound
in terms of years are listed in Table 12.15. ThHiedintial in local sediment transport
rates on the top of the mound (in this case 1.@efative to the surrounding “native”

seabed at AO are around 30% higher for the Rousgelhrand 37% higher for the

Nielsen model, which holds for all five grain siz&ghile the estimates of the upper
and lower-bound estimates of the mound deflatiow tvary substantially between the
Rouse and Nielsen sediment models, the key resut this overview is that the

mound will take many years to fully deflate backtihe present seabed level at AQO,
based on using the median sand size of 0.2 mmligiged in Table 12.15).

_ Qout = either top-of-
Qn=0 — mound rate, or

halfway mound rate

Lower -bound deflation time

: Qout = top-of-mound
i—> rate, then halfway
mound rate

Qin = upstream
rate at AO

Upper -bound deflation time

Figure 12.25: Schematic of how the lower- and upper-bound esémaif the disposal mound
deflation times were calculatdzhsed on various input and output sediment trahspor

rates (Q and Q).
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Table 12.15a: Lower-boundestimates on mound deflation (years) for the 18hannel option, with
results for the median grain size of the sand caorapbof the dredged material in blue

italics.

Deflation based on 1.6 m height Deflation based on mid 0.8 m

(years) height (years)

Grain size Rouse Nielsen Rouse Nielsen
(mm)
0.1 39 1 34 1
0.2 580 24 510 21
0.3 1520 115 1340 98
0.4 2900 340 2540 290
0.5 4730 800 4150 680

Table 12.15b: Upper-boundestimates on mound deflation (years) for the 1Btambour channel
design, with results for the median grain sizeh&f $and component of the dredged
material in blue italics.

Deflation based on 1.6 m height initially, then
0.8 m height at half-way stage (years)
Grain size Rouse Nielsen
(mm)
0.1 230 7
0.2 3490 120
0.3 9190 580
0.4 17520 1720
0.5 28330 4010

An optimal time period for placement of dredged enal is not obvious since the
predominant transport direction to the north isependent of time or season.
However, placement of dredged material in autunwioter would take advantage of
a larger wave climate, when compared to the spaimdy summer, to smooth out the
initial mound quicker.
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12.6 Comments on long-term silt transport

Modelling the long-term fate of silt-size mater{&l0.0625 mm), especially the finer
fractions (<0.02 mm), is inordinately difficult tachieve because of the computing
resources needed to cover the very wide spatildseaad long time scales involved in
what is a highly dispersive process due to turlzdereddies and shear from varying
current flow and wind regimes. An indication of tkpatial scales that would be
involved is shown in Chapter 11 where some of thesiged material was still in
suspension going through the northern boundarh@hlydrodynamic model at Shag
Point (35 km north of Taiaroa Head) after just 48rs of disposal operations.

As discussed in Section 11.4.4, the post-dispqsatied deposition patterns for silt-
size classes are only useful to predict an uppandh@n potential environment effects
on the benthos as silts will be readily re-mobdidey waves and transported by
currents—more so in shallower waters. Initiallypdsition of fine silts (Fig. 11.17a,
b) would occur over a wide area offshore and tortbwth mainly (but not Blueskin
Bay or Karitane Point area) as expected in a higligpersive environment with
slowly-settling sediments. This contrasts with sagddiments (Fig. 11.20), where
initial deposition occurs well offshore and to therth and north-east of the disposal
ground. Initial deposition of silts is low alongethimited coastal areas where the
suspended-sediment plume edge comes in occasiontlct, such as Otago Heads
(north of Wickliffe Bay) and the northern coastrfr@€Cornish Head northwards (Figs.
11.17-11.18). Where initial deposition is predictedoccur, it would theoretically
accumulate to no more than 0.5 mm thick over thesmof the dredging programme
if no resuspension occurred.

In reality these “deposited” sediments, especifitg¢ and medium silts, will often
continue to be re-mobilized by wave activity in l&ha coastal waters and further
disperse in very low concentrations over a wida afethe Otago shelf, particularly to
the north.

The ultimate fate of these widely-dispersed siltseirms of “permanent” deposition is
difficult to ascertain, but will be mainly in deepeaters and canyons offshore as
exemplified by the deposition of fine terrigenousterial from catchment run-off

including the Clutha River. There are also prefeéaénatural deposition areas for fine
to coarse silts on the shelf such as off Blueskay Brigure 12.26), which possibly

arise from the combination of the weak counterdolase gyre in outer Blueskin Bay

and the loss of momentum in ebb-tide sediment ptummanating from Otago

Harbour towards the north, and hence enhancedngetif coarser silts from the

Harbour. Some of the silt material from disposaaaAO could be deposited in this
preferential silt zone, but as shown by the dishbpiane modelling (Chapter 11),

most of the silt material would be dispersed tortheth and north-east, with virtually

no suspended-sediment plumes sweeping acrosséfesgntial silt zone in a 48-hour

period after disposal.
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Legend
Prediction Map
Silt

Filled Contours

Figure 12.26: Distribution of silt (grain size <0.063 mm) contgpt) in the sediments of Blueskin
Bay (from Willis et al. 2008). Depth contours atéban intervals from 10 m to 30 m.
Box A is disposal area option A1l and Box B is digdoarea option A2. The
approximate location of the selected disposal Afe&s annotated on the map.
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13. Summary and Conclusions

Project Next Generation is an initiative by the tRotago Ltd. (POL) to expand the
capability of Port Chalmers through a substanti@nmel deepening capital works
programme. As part of Project Next Generation, Rotago Ltd. commissioned
NIWA to carry out hydrodynamic, dispersion and seeht transport modelling and
MetOcean Solutions to undertake wave modelling uppert the assessment of
environmental effects likely to occur during anteafiredging operations.

An initial design of the dredged channel (e.g.,tdepside batter slopes and layout)
was developed by POL in June 2008 to handle 8000 Jige vessel® This requires

a channel base depth of 15 m below Chart D&tuinom Port Chalmers to the

commencement of Harington Bend, thereafter progelssdeepening until it reaches

a 17.5 m (Chart Datum) in the outer approach cHafihés deeper section is to allow
for vessel motions arising from combinations of esvswell and currents and the
turning manoeuvre around Harington Bend.

Most of the modelling studies in this report araedghon this initial dredged channel
design. During the wider assessment process aftae rdetailed ship-handling
simulations and channel design, POL approved &diesign for the dredged channel,
which only required minor modifications to the iaitdesign, mainly in the stretch
from Harrington Bend to the Mole. The initial dasigvhich was used as the basis for
the numerical modelling simulations, would have egated around 7.5 Minof
dredged sediments (excluding rock). The final clehdiesign adopted by POL would
yield a slightly lower volume of around 7.06 Mrof dredged sediments (6% less).
The slight change in final channel design only @f8esome of the model simulations
already undertaken, namely for assessing changie itidal characteristics of Otago
Harbour and sediment deposition over the dredgiogramme. Accordingly, these
simulations and analyses were re-run for the ficlhnnel design to update the
assessments in this Report. Both channel designhseferred to in this study and
noted clearly which is used for what purpose.

The dredged material is uncontaminated and woulgriedominantly sand (64%),
with the remainder being silts, clays and a smatipprtion of rock. Suspended-
sediment discharges into the Harbour would occuindudredging from seabed
disturbance of the trailing suction head of theddex and from overflows from the
hopper. Dredged material in the hopper would beagbently released offshore onto

20 Twenty-foot Equivalent Unit (or TEU) is an inexaait of cargo capacity often used to
describe the capacity of container vessels. lased on the volume of a standard-size 20-foot
(~6 m) long shipping container.

2 Currently maintained in this channel section hed level 13 m below Chart Datum
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a circular disposal area nominally 2 km in diameted in water depths of around 28
m. The resulting sediment mound, comprising maisdyds, is expected to reach
between 1.4 and 1.8 m high by the end of the dngdgrogramme, with the final
height determined by the proportion of silt/clayter&al dispersed during discharge
and the bulk density of the settled and consoldlatgliment in the mound.

As part of this Report, an iterative process wadeuiaken to determine the most
appropriate location for the offshore disposal dhed is sufficiently distant from the
nearshore area that it minimises the concentratidrsuspended sediment reaching
the nearshore zone or inner Blueskin Bay area woidis ecologically-sensitive areas
(James et al. 2009). The iterative process resuttedselection of a disposal area at
location AO (centroid at —45.7358°N, 170.799°E) iakhis 4 nautical miles (7.3 km)
north-east of The Mole and located on the northerigntated submarine sand body
offshore known as the Peninsula Spit.

The other main decision that was needed to sehelischarges in the suspended-
sediment model was the characteristics of tharigpguction hopper dredger (TSHD)
to be used. A mid-size vessel of 10,800 mopper capacity was simulated by the
model. However, because of the wider, shalloweza dhat needs dredging on the
eastern side of the Turning Basin (Port Chalmexs3mall-capacity dredger would
also be required in the initial stages of this died claim, so a substantially shallower
overflow depth was used in sediment plume modefarghis site. The overflow for
the second half of this claim, when dredged deatbssufficient, was reset back to the
overflow depth for the mid-size TSHD. All other aseof the channel were assumed to
be workable by the mid-size TSHD. The Harbour cle&rdredging claims were
coalesced into 5 main source locations and furthdadivided into predominantly
“sand” and “silt” material.

The focus of the plume modelling was the silt/cfegctions of these claims, with
provision in the modelling for a 60-minute overflodischarge when working
predominantly “sand” claims and a much shorter Aduta overflow for “silt” claims.
Sediment-plume model runs (inside the Harbour dfsthore at the disposal site) were
aggregated over the dredging programme to calcalatgpper-bound on accumulated
deposition thicknesses for sediments dischargedthgludredging in the channel or
discharged offshore after release from the dredgedr.

This report covers results of the numerical coastatlelling components to support
the assessment of effects (AEE) for Project Nexhe®astion, providing clearer
understanding and predictions of:
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« any significant hydrodynamic effects of the progb4®&-m Harbour channel
configuration, particularly changes in velocitide heights and tidal phasing
within Otago Harbour compared to the present sdoat

* the degree of spread (dispersion) and likely comagans of suspended-
sediment plumes and seabed deposition patternsthrerdredging operations
within the Harbour;

e wave characteristics and patterns for differentdwiirections within the
Lower Harbour to support an assessment of effeatsnavigation, ship
handling, benthic habitats and shoreline change;

» the degree of spread (dispersion) and likely comagons of suspended-
sediment plumes generated during release of dredgetrial from the
bottom of the dredge hopper at an offshore dispmrss;

e any significant changes in wave patterns on thg®whelf arising from a
mound at the disposal area and the deepened apprbannel to support an
assessment of effects on navigation, ship handloemthic habitats and
shoreline change;

« the likely extent of the initial footprint of deptexd dredged material in the
vicinity of the disposal site (and also subdividetb different sediment size
classes);

« the likely occurrence of sediment transport ovareti distance travelled and
direction of deposited dredged sands away fromfishare disposal mound.

Summaries of results and an overall assessmehedikely or, in most cases, upper-
bound changes that would arise from dredging agpodial operations are provided at
the end of most of the chapters in this Report. &omthe key conclusions arising
from the modelling investigations are briefly onéd below.

Changes in hydrodynamic characteristics of the blariftidal heights, currents, net
flow volumes through the entrance and ebb-tide $emdand waves) would be minor
relative to the existing situation. Sediment plummdelling shows that SSC
(suspended sediment concentration) will be higlogvratds the seabed and lower
towards the surface, because most of the sedimérbevdischarged at depth (from
the dredger overflow or disturbances by the suchead). This also means there
would be only limited opportunities around highetigeriods for the deeper layers of
the suspended-sediment plumes to disperse ont@eatjantertidal flats. Also
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dispersion of the sediment plumes is dominated bierral being transported up and
down the main channels by tidal currents rathen tha more dispersive (spreading)
processes that occur, for example, in offshore aapér waters. Plume modelling,
using a conservative approach, indicates that thghebt depth-averaged
concentrations of SSC (over 100 mg/L) would ocecuthie main channel, subsidiary
side channels and the intertidal banks adjacethdse channels, with some patches
over 1000 mg/l in areas immediately adjacent talgirey.

Sediment deposition in the Harbour (excluding themthannels) would be highest
on the central intertidal bank that is oppositet Rtivalmers and north of Quarantine
Island. Discharges from predominantly-silt dredgio@ims would cause higher
deposition thicknesses and rates of deposition tlan predominantly-sand claims.
Consequently any measures targeted at reducinglawerto a minimum when
dredging predominantly-silt areas of the channelulaiosubstantially reduce
environmental effects arising from deposition ofkfisediments. Silts originating from
dredging operations inside the Harbour in the Itargs would be dispersed further
and more thinly throughout the Harbour, eventuéilging their way into the main
channel system to be exported to the ocean orrpréfally settle “permanently” in
quiescent areas where wave activity and curreettoar or sporadic e.g., the Dunedin
basin, behind the railway embankments, shelterédtiidal embayments, the lee of
groynes or half-tide training walls and in the upfde inter-tidal beaches of sheltered
embayments. In the Upper Harbour, a guide to whidtsecould preferentially settle in
the long term are those areas that already shawdominance of silt material in sea-
bed samples, as measured by Grove & Probert (1999).

Offshore, the transport and dispersal of suspersktiments from the selected
disposal site at AO, following the hopper releaseuld mostly head to the north. But
occasionally the dilute edge of sediment plumes megch the coast at low
concentrations along Otago Heads (during light NMBds) and north of Cornish

Head (Waikouaiti Bay) for strong WSW winds for thear-bed layer or light NNE

winds for the surface layer. The modelling showsediment deposition would occur
within Blueskin Bay or around Karitane Point withd8 hours following disposal at
site AO. Finer silt material would be widely disped over 10’s of kilometres (mainly
to the north) within 48 hours of disposal. Wheinitially settles on the seabed it will

be temporary, as silts will be routinely resuspenle waves in waters shallower than
30 m, and more frequently in nearshore waters (®168eep). The ultimate fate of
these widely-dispersed silts is difficult to asa@rf but is likely to be deposition in

much deeper waters and canyons offshore as exedphi¥ silts exported from the

Clutha River.

Long-term sand transport from the disposal area wlld nearly always be
transported slowly to the north along the submaHeainsula Spit by the prevailing
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offshore current. Transport would only occur wheaver activity is sufficient to
mobilize sands in the region of the disposal modthils is around 40% of the time on
average for the median 0.2 mm sand size and somemdra often than that on top of
the mound and in the most energetic winter sed3eflation of the physical disposal
mound (comprising mainly sands) would take at lessteral years and possibly
decades.

The environmental effects from the dredging operetion physical and ecological
systems arising from the predicted changes in tldeddynamics and waves and the
sediment dispersal, seabed deposition and transpottt inside the Harbour and
offshore, are assessed and discussed in compa&aiomdal reports.
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16. Appendix | — Wave statistics from full directional wave spectra

Given wave model output in the form of a full diieoal wave spectruls( f,8) at

specified grid locations (Chapter 8) for variousverdrequencie$ and directionss,
the 1-dimensional wave spectrum is obtained bygmating over all the wave
directions:

S(f) = TS(f ,0)da )

From the computed spectral energy dernS(ty, the peak frequendy and peak energy
S = S(f) of the spectrum are located. Spectral moments:

M, =] fIS(f) df @)
0
are computed, allowing further wave statisticseéalbfined as follows:
significant height H,=4/M, 3)
mean period T =M,/M, 4
mean apparent period T, = W (5)
mean frequency frean= M,/ M, (6)
mean crest period T, = m (7)
spectral width SW=1- M,* (8)
MoM,

T IS Often used as a spectral approximation of #re-down-crossing wave period
statisticT,.

Directional moments are:

o 27T

Mczjjsu,e)cosededf (9)
00
0 27T

MS:IIS(f,B)siande (10)
00
o M

The mean direction i€, = arcta{ v S] (11)
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2/M2+M?2
and the directional spread s = \/2 - 5 (12)

MO

The spectral peakedness parameter (Goda, 1970kis loy:

2 [ee]
Q, =—] f S(H? df. (13)
0 o0

M
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17. Appendix Il — Offshore sediment transport methodolay

17.1 Estimation of sand transport using wave and currenfield data at site A1

The methodology for assessing the critical (thrieBheelocities for initiation of
sediment transport at A1 from the ADCP field datas follows:

 Waves were measured in bursts using an Acousti@leoCurrent Profiler
(ADCP) deployed at site Al during four separateéqusrin 2008 (18 March —
21 April; 29 April — 26 May; 31 May — 29 June; 4lyla- 4 August). In the
first deployment the interval between bursts was, And in the other three
deployments it was 2 h. The burst duration was &0 the ADCP returned
estimates of significant wave heiglisf, peak spectral period at the surface
(Tp) and direction of wave traveDf) corresponding to the peak wave period.
The direction of wave travel is the direction wapespagate from. The wave-
orbital speed at the bed() was calculated using linear wave theory as:

U, =——Hs __ ®
T, sinh(kh)

where k is the wavenumber that satisfies the linear-thedrgpersion
relationship withT, and water depth.

* Uyeit IS the critical wave-orbital speed for initiatiaf sediment motion,
which was calculated using Komar & Miller (1975):

2
ww,crit - an(dw / DS)1/2 (2)
(0= p)aD,

which holds for sediment grainsizes smaller tharb Gnm. Here,
d, =TU,, /27 is the near-bottom semi-excursion of the wave emtip is

the fluid density, o, is the sediment density (assumed to be 2.65%y/ onis
acceleration due to gravity, arf = 021(Komar & Miller, 1975).

e Currents were also measured by the ADCP, by sampliriO minute bursts
at a frequency of 0.77 Hz. (Note that the ADCPapable of simultaneously
running different sampling schedules for waves eundents).U. is the burst-
averaged current speed coinciding with the firstGkDoutput bin, which was
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centred orz = 2.26 m, where is elevation above the bed. Current direction is
the direction to which the current sets, referertogdue north.

e Uit is the critical current speed for initiation of gednt motion, which was
calculated as:

U * T
Uc,crit = o In(ij (3)
K Z,

where « is von Karman’s constant (0.41; is the seabed roughness length
and U, ; is the critical friction velocity. U. ; is a skin friction, and

therefore the seabed roughness length is relatéet thed-sediment grain size
Dsas Z, = 25D, /30. U, is related to the critical non-dimensional skin

friction for initiation of sediment motio#. . as:

crit

*c,crit

G..
u? =%”(ps—p)gDs 4)

6,

crit

Shields curve for unidirectional, steady flow iaf £xample, Graf (1971).

is evaluated as a function of sediment grain sigmg the standard

* The burst-averaged water depthwas estimated from pressure data recorded
by the ADCP. For this estimation, pressure wagedl& water depth using
the hydrostatic equation with an atmospheric preseti1 bar, water density
of 1000 kg/m and acceleration due to gravity of 9.8%sn

Instantaneous depth-integrated suspended-sedimranspbrt was calculated as
follows:

Q= [u.(acz ©

where U (2)is the current-speed profileC(z) is the suspended-sediment

concentration profile, and the integration is perfed betweerz = z; (close to the
bed) andz = z (far from the bed)Q has units of mass per unit width of seabed
perpendicular to the direction of transport peretimssuming that the waves and
currents measured during each burst are repreisentdtconditions during that burst
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and up to the start of the next burst, théns the depth-integrated suspended-
sediment transport integrated over the duratiah@ideployment, calculated as:

® = [Q(t)dt (6)

wheret =1, is the time corresponding to the start of the dgplent,t =t, is the time

corresponding to the end of the deployment, andtithestep is equivalent to the
interval between bursts.

» The current-speed profild (z) was calculated from the steady-flow law of

the wall by:

U.(2) =U../x)In(z/ Z,) (7)

Here, Z, = 0.0275 cm is the roughness length, which wasutated from the
law of the wall assuming a seabed drag coeffic@pt = 0.0025:

2
_ K
Cro0 = Ln(lOO/ zo)} ®)

U..is the steady-flow friction velocity, which was calated fromU .,

which is the current speed measured by the ADGR=&26 cm, as:

U., = (KU )/ In(226/ Z,) 9)

» The suspended-sediment concentration prd@l¢z) was calculated in two

ways.

The first way was by using the near-bed approxiomato the Rouse equation
(cited in Raudkivi (1990: p. 166-168), which is gieated on settling flux
balanced by pure gradient diffusion and a sedindifiusivity decaying
linearly with elevation above the bed:

Ws

C(2) = ca(ijm (10)
z,

Here, S is the ratio between sediment and momentum difitysfassumed to
be 1), w, is the sediment settling velocity (negative oneltiplied by the
settling speed), andC, is the suspended-sediment reference concentration
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specified atz=z,. For these calculationsy, is the Stokes settling speed
assuming sediment densitp, = 2.65 g/cmt and U, is taken to beU

*c

defined previously.

The second way of calculating the suspended-sediomitentration profile
was by using the Nielsen (1992) equation, whichb@sed on constant
sediment diffusivity (with elevation above the hed)

C(z)=Ce™'" (11)
wherel, is the mixing length, given by:

I =0.075%%, (12)
W,

where 77 is the ripple height (assumed to be 5 cm) ané 277/T; is the

wave radian frequency corresponding to the peagtisgigoeriod.

Following Nielsen, the suspended-sediment refererarcentrationC, is

given by:
C, =0.0050,6° (13)
where &' is the non-dimensional skin friction, given by:

g =r'[(ps—P)9DJ] (14)

and 7' is the skin friction. Since waves (as opposeduoents) primarily
control entrainment of bed sediment, the skinifsittis assumed to be purely
wave-induced:

r'=050U2 (15)

where f,, is the pure-wave skin-friction wave friction facto

f! = expp.213k./d, )" - 5977 (16)
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and k, = 25D, is the flat-bed roughness. Nielsen’s referencecentmation

evaluated in this way is meant to be applyzat O, but for convenience we
assume here it applieszt 1 cm above the bed.

Values for @ are shown in Table 12.5 (Chapter 12) for eachnsedi grain size
calculated by each of the sediment transport mog@Rdsise and Nielsen). For these
calculationsz; was set to 1 cm argd was set to 200 cm, which is the domain where
the bulk of the suspended-sediment transport wdl lbcated. Also for these
calculations U, is a scalar only (current speed). This means @has the integral of

the scalar instantaneous transp@itwhich can be thought of (loosely) as the “gross”
transport.® is multiplied by a nominal spoil mound width okéh in Table 12.5.

® was calculated again, this time treati@gs a vector with direction corresponding
to the measured current speed at 2.26 m aboveethedb calculated in this way is
now a vector itself, with magnitudMAG[®] and directionDIR[®]. This can be

thought of (loosely) as the “net” transport. Ta26 shows the results, including
MAG[®] multiplied by a nominal spoil mound width of 2 Kas in Table 12.5).

17.2 Estimation of sand transport using wave and currenfield data at site AO

Sediment transport at site A0 (the selected didsitgg for the period spanned by the
ADCP deployment at site A1 was estimated by appglgguations (5) and (6) above.

Wave height, period and direction measured at/sitby the ADCP were assumed to
apply without modification to site AO. However, tbenversion oH andT, to wave-
orbital speed at the bed (equation 1) was computdda water depth that was 2.5 m
less than the water depth measured by the ADCHteatAd to account for the
shallower depth on top of the submergent PenirSpia

Current speeds and directions at site A0 were giedli by the MIKE-3 (FM)
hydrodynamic model (described in Chapter 10) fer ¢intire 2008 field deployment
period.

The “gross” and “net” sediment transport at site wé€re calculated in a similar way
(as outlined in the previous section) for eachmeedi grain size using both the Rouse
and Nielsen sediment transport models.
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