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Executive Summary

As part of assessing environmental effects ford@tdNext Generation, Port Otago Ltd. commissioned
NIWA in 2008 to carry out a comprehensive hydrodyia dispersion and sediment transport
modelling investigation, which was reported by Badllal. (2009). The 2009 report was submitted in
2010 to Otago Regional Council as a Technical Adpeto the Assessment of Environmental Effects
(AEE) that accompanied the consents application.

As outlined in the Port Otago Ltd. applications &teE, Port Otago will use their own small trailing
suction hopper dredg&few Era, for undertaking a substantial portion of the talpvorks dredging in
Otago Harbour in the form of incremental dredgipgygressively working towards the target depth
over a longer period of time.

The 2009 NIWA report covered modelling simulatidos the worst-case dredging operations, based
around the use of a larger trailing suction hopgerdger (TSHD) of 10,800 fncapacity. In
comparison, the capacity of thew Era is only 600 m.

This supplementary report compares the suspendiohaet concentrations (SSC) that would be
generated during the dredging and disposal phaseg the smalleNew Era with previous model
simulations for a larger TSHD. In the Harbour, thé-day simulations for suspended sediment
concentration and sediment deposition (Sectioro7tGe 2009 NIWA report) were all repeated based
on theNew Era, discharging conservatively at 1/13.3 times thgda TSHD sediment discharge rate
but overflowing onto the water surface (rather tbam depth). Offshore, at the disposal area at AO,
the repeated sediment plume simulations for Nlee Era were only undertaken for the scenarios
where a hopper load of predominantly-silt dredgedemal is released at the landward side of the A0
disposal area offshore and at a higher elevatidghdarwater column than the larger TSHD.

Harbour plume modelling (New Era)

Depth-averaged SSC in Otago Harbour for the regeatslel simulations was then averaged over a 2
week spring-neap tide cycle to directly comparélite previous 2009 model simulations for a larger
TSHD. Monitoring requirements for overseas dredgingjects tend to also be expressed as a 2-week
moving-average (covering a spring-neap tide cycle).

All simulations forNew Era, based on a conservative 24/7 operation, show2twaek average SSC

in the main harbour channel reaches only 20-50 raglive background concentrations, with smaller
patches from 50-100 mg/L where the dredge oper@eshe intertidal areas, mostly the average SSC
is predicted to only reach 20 mg/L with some lidisaeas adjacent to the channels of up to 50 mg/L.
These concentrations are at least ten times lassttiose simulated for the larger TSHD.

Sediment plume dispersion modelling: Comparisoa lafrger dredger with thdew Era iv
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Considering the silt component of discharges predusy New Era from either predominantly-silt
versus predominantly-sahdreas, there is little difference in the spatidest of the areas affected by
the silt plumes from either dredging source. Th€ $%e only slightly higher in most cases for the
longer overflows when dredging “sand” sources.

Virtually all of the eastern side of the Lower Haub from Te Rauone Beach through to the eastern
side of Portobello Bay would be largely unaffectsdturbidity generated biew Era, with only a
few small patches of SSC up to 10 mg/L above baxkyt. Similarly, the eastern side of the Upper
Harbour from Grassy Point to Dunedin would be #sgely unaffected.

Accumulated seabed deposition over each 14-daygkimulation is presented in mass of sediment
per unit area of seabed (kdjmThese deposition values are generally conseevai$s no subsequent
resuspension by competent tidal currents or windewstirring was included in the plume model
simulations, which will act to further spread aridpgrse some of the initially-settled material. The
deposition plots show the following key results $aabed deposition over a 14-day neap/spring tide
cycle with varying winds:

« deposition at or above a nominal 5 kg/mpper level, or approximately 3.8 mm silt
accumulation over a fortnightly period at a rate0o8 mm/day, is very confined to the
immediate vicinity of the main shipping channel wedew Era dredges. This is in contrast to
the larger TSHD, where the same deposition levetabe occurred throughout the main
shipping channel (from all discharge sources),sewtral other areas of the harbour

« most of the eastern parts of the Lower and Uppebdias would be subject to negligible or
no deposition, apart from the reach west of LatBay for discharges from the eastern side of
the Turning Basin, where deposition may reach @#&rk (0.4 mm) over 2 weeks or an
accumulation rate of 0.03 mm/day)

« flanking mid-harbour intertidal flats, where modtthe non-channel deposition will occur,
will be at substantially lower deposition ratesngdNew Era compared with the larger TSHD
by about 10 times less, from 2-5 kg/(0.1-0.3 mm/day) down to 0.2-0.5 kg/(0.01-0.03
mm/day) for similar areas.

Offshore plume modelling (New Era)

The maximum excess SSC in the general vicinity ispakal area A0 usinlew Era will only be
about 5—-7% of the maximum SSC produced by a lar@D, based on three wind scenarios (light
and moderate WSW winds at 7 and 14 m/s respectargdya light 3 m/s NNE wind). At the disposal
area, the near-surface lay®8C concentrations for all silt classes fridew Era are predicted to be in
the range 7-11 mg/L (highest during the light NNEBdy above background concentrations. In the

1 Where a small 2% fraction of silt has been assuiméite sands

Sediment plume dispersion modelling: Comparisoa lafrger dredger with thdew Era v
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more concentrated bottom lay@redicted SSC in the vicinity of A0 will be inghrange 47-57 mg/L
above background concentrations (highest for theerade WSW wind).

The fringes of sediment plumes from the smaNew Era will reach the coastline north of Cornish
Head, but the excess SSC combining all silt-sizssds will be no higher than 0.05 mg/L for the
different wind simulations (highest during light W¥Swinds). This is around ten times less than for
the larger TSHD. During light NNE winds, the frirggef the sediment plumes will also reach Otago
Heads, where the excess SSC for all silt clasdébeviho more than 0.6 mg/L.

The extent of the area influenced by the offsha@diment plume is similar for both dredge sizes
during offshore-directed winds (WSW), but minorfeiEnces occur for the onshore or offshore
fringes of the area affected, particularly to tloetim of the disposal area. In any case, the eX88€3

in the fringes of the plume will be very low.

Sediment plume dispersion modelling: Comparisoa lafrger dredger with thdew Era Vi
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1. Introduction

1.1 Project Next Generation

Project Next Generation is an initiative by Portagd 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 HaringtondB@tigure 1.2) would need to be
dredged to 15 m below Chart Datum to accommodatk gessels, but would need to
be deepened to 17.5 m below Chart Datum in thehoffés approach channel to
accommodate vessel motions arising from a comipinati waves, swell and currents.

As part of assessing environmental effects for @etoNext Generation, Port Otago
Ltd. commissioned NIWA in 2008 to carry out a costpensive hydrodynamic,
dispersion and sediment transport modelling ingasittn, which was reported by Bell
et al. (2009). The modelling provides quantitatove comparative before-and-after
information to underpin the assessments of theilpeseffects of dredging and
disposal operations on both Otago Harbour and oféskhelf environments. The
2009 report was submitted in 2010 to Otago Regidbalincil as a Technical
Appendix to the Assessment of Environmental Effd&8E) that accompanied the
consents application.

1.2 This report

POL will use their own small trailing suction hoppairedgeNew Era (Figure 1.1), for
undertaking the initial portions of the capital Werdredging in Otago Harbour. This
would be done over a much longer period of yeaethér than months) to
incrementally increase the draught of the chanR€&L also wish to retain the
flexibility to contract a larger dredge for part thfe capital dredging project if the
demand for larger TEU vessels rapidly increasethénfuture and the capital works
require completion in a period of months.

The 2009 NIWA report covered modelling simulatidios the worst-case dredging
operations, based around the use of a trailingiudtopper dredger (TSHD) of
10,800 i capacity. In comparison, the capacity of e Era is much smaller at
only 600 ni or 1/18 of the hopper capacity of the larger TSHIdnsequently, a
number of plume-model simulations for harbour diegagnd offshore disposal were

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

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 1



_NIWA_—

Taihoro Nukurangi

repeated using the smaller-scale discharges fidew Era. This provides a
gquantitative comparison with the environmental eéffg¢hat were extensively assessed
for the larger TSHD.

This supplementary report compares the suspendicheet concentrations that will
be generated during the dredging and disposal tipesausing the smalle¥ew Era
with similar model simulations reported by Bell at (2009) for the larger TSHD.
Accumulated deposition was also compared for thedwx modelling.

The 14-day harbour simulations repeat those caatgd the 2009 NIWA report (see
Figures 7.4 to 7.13 of Bell et al., 2009) for allef representative source areas (see
Figure 7.2, Bell et al., 2009). The outputs inclypdiats of the spatial distribution of 2-
week average suspended-sediment concentrationstrendaiccumulated sediment
deposition.

For the harbour modelling, a very conservative o&as simulated witiNew Era
working continuously (24/7). However, in realityighvery unlikely to occur on a
sustained and ongoing basis due to down-time ofpnoductive time the vessel may
be dredging at other ports. In addition, a two-caperation ofNew Era would only
yield approximately 50% of this dredging intendiiging available 90 hours per week
out of 168 hours for 24/7 (Lincoln Coe, POL, pesnm.)

Offshore, the simulations for both types of dredgesume the worst-case, where a
hopper load of predominantly-silredged material is released at the landwarddfide

the AO disposal area offshore (see Figure 11.4etlfdé® al., 2009).

Figure 1.1:  New Era passing Spit Jetty fully laden on passage to tahofe disposal site.

Sediment plume dispersion modelling: Comparisoa lafrger dredger with thdew Era 2
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For ease of determining various Otago Harbour ionatmentioned in this Report,
Figure 1.1 from the 2009 NIWA report is reprodudeérigure 1.2.

T T =

Port Chalmers

Portobello !;
Bay

Curles Point

7

i VIS

Figure 1.2:  Geographical sites in Otago HarboS8oyrce: ©LINZ 1:50,000 topographic maps].
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2. Set up ofNew Era simulations

2.1 Harbour sediment plume modelling

Sediment plume modelling in Otago Harbour for agéar TSHD was previously
carried out using MIKE-21, which is a 2D (depth4aged) hydrodynamic model
setup on a regular square model grid of 30 m cafid,the MIKE PA module for the
plume dispersion, which is 3D “particle-trackingspersion model with gravitational
settling. In all, ten sets of 14-day sediment plusitaulations were undertaken for
dredging based at five representative source §fégusre 2.1) and at each source area,
for dredging predominantly-sand sediments (with &b Zilt content) and
predominantly-silt sediments (with a distributiohdiit size ranges based on seabed
samples).
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Figure 2.1:  The five representative channel source-area sitexl tas the discharge source
locations for dredged-cycle suspended-sediment @l@wimulations inside Otago
Harbour.

These ten simulations were repeated using the ensdhleNew Era dredge. The
model parameters used to set the sediment disctetegeand their depths for thew
Era are listed in Table 2.1 (which can be compareti Wable 7.1 in the 2009 NIWA

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 4
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report for the larger TSHD). The main differenees the sediment discharge rates are
about 1/18 of the larger TSHD modelled previously, the oweflfor sands starts
earlier at 10 minutes into the dredging cycle (d@utes for the larger TSHD)*, and
the overflow fromNew Era discharges directly onto the water surface (coegbarth

5 m depth for the larger TSHD).

Source discharge rates for silt sizes to be usedhf®oNew Era for both near-bed
suction-head disturbances and hopper overflow ssurtme windows for these
sourcest(= 0 minutes at the start of pumping) for eachreedi-source type Spurce:
Lincoln Coe, POL].

Sediment source Discharge height Silt discharge rate Timing
(kg/s) (min)
“Sand” claims 1 m above bed 2 0-80 min
(2% silt)
0 m below surface 4 10-80 min
“Silt” claims 1 m above bed 2 0-24 min
0 m below surface 75 20-24 min

*Note: the plots for predominantly-sand simulations ia 2009 NIWA report (bottom
panels of Figs. 7.4 to 7.13) were mistakenly daoreain overflow for the final 20
minutes of the 80 minute dredge cycle. These pusviarger-TSHD simulations were
repeated for the correct timing of the overflowtitg 20 minutes after the start of the
cycle and are displayed in Section 3 of this Refmrcomparison with th&lew Era
simulations. The predominantly-silt simulationsp(fganels) were correct in the 2009
NIWA report. For assessing the effect of the redvipeedominantly-sand simulations
on seabed deposition, compared to the earlier atiouk in the 2009 NIWA report,
see the comparison plots in Appendix A.

The dredge cycle times including turn-around tificesNew Era were left the same as
for the previous simulations as listed in Table af.zhe 2009 NIWA report, including
a conservative assumption of a 24/7 continuousgiingdoperation (which in reality
will not occur on a sustained and ongoing basistdugowntime and non-productive
time outside of the port). All other parametersluding settling velocity were also
held to the same values as previously used.

Results are provided in plot showing the spatiatrifiution of a 2-week average of
suspended-sediment concentrations in Rg{depth averaged and saturated-wéight

® Normally suspended-sediment concentrations areesspd in dry-weight of sediment, so
these higher results based on saturated-weighbwithore conservative.

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 5
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basis as previously) and the accumulated sedinepusition after 2 weeks in kg per
square metre of seabed. To convert to metres afsitegn, these results would need
to be divided by a conservative wet bulk sedimeensity of 1300 kg/th The
additional complex step of apportioning the depasito several sub-areas of Otago
Harbour (see Figure 7.3 of the 2009 NIWA report) agporting on statistics was not
re-done for this supplementary work, given the poédly long time of a few years
that would be required to complete the dredginggisiew Era. However, the overall
14-day deposition plots show the main areas whedinm®nts would preferentially
settle undeNew Era dredging (with a surface overflow) compared toltrger TSHD
overflowing at a greater depth.

2.2 Previous offshore sediment plume modelling

Previous modelling offshore for plume dispersahirthe disposal site AO was based
on MIKES3-FM, which is a 3D layered hydrodynamic rebadn a flexible triangular
mesh, and the MIKE3 PT module, which is a 3D “mpdetiracking” dispersion model
with gravitational settling (Bell et al., 2009).

The following plume model parameters were previpusiplemented in Bell et al.
(2009) for the offshore disposal ground as desdribé&section 11.1.1 of that Report:

» sediment classes - Four sediment size fractions wienulated by “particles” in
the discharge with their respective average sgttlalocity:
0 Class1 - fine silt with grain sizes of <0.00625 mm.
0 Class 2 - medium silt with grain sizes between 0.00625 @@2 mm.
o Class 3 - coarse silt with grain sizes between 0.02 af@82Zb mm.
o Class4 - fine sand with grain sizes of >0.0625 mm.

« discharge height from bottom of hopper - set to betow the water surface at
the time, which is applicable to a larger trailgwgction hopper dredger (TSHD)

e discharge sequence - based on an analysis of dedgierations by POL, the
discharge at the disposal site was simulated &sraidute slug of sediment with
a 2-hour turn-around window before the next disposaamenced and so on

e discharge location — the most landward sub-sitevifiiin the 2 km diameter AO
disposal area (see Figure 2.2 below)

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 6
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e dredge hopper composition and discharge rates -Jav@ants on the likely
sediment composition of a hopper were simulatet thieir associated discharge
rates in kg/s for each sediment class listed inerah.1 of Bell et al. (2009). The
wet bulk density of sand in the hopper was assumdi packed at 1800 kgim
and for silts 1600 kg/fbased on dredging experience (Lincoln Coe, pers.
comm.). The majority of the plume model runs inl|B=l al. (2009) used an
overall average sand/silt hopper composition, baseé dredging analysis by
Port Otago Ltd. that incorporated geotechnicalifigd and sediment size grading
curves. In terms of ascertaining peak suspendedisatl concentrations at the
disposal site and surrounding area, some simukatiere also performed for a
hopper of predominantly silt (e.g., sourced from Hamilton Bay reach between
Beacons 18 and 20). It is these simulations fod@menantly-silt hopper loads
that are compared with using tNew Era in this present Report.

-45.726
-45.728

-45.73 #4
-45.732
-45.734

-45.736

latitude

-45.738 - L= #2

-45.74}
-45.742 1 :
-45.744 1 #3 A0

-45.746

170.785 170.79 170.795 170.8 170.805 170.81 170.815
longitude

Figure 2.2:  Relative location of the 5 sub-sites used as hepgease locations within a 2-km
diameter disposal site at AO (central sub-sites#t i-45.7358°N and 170.799°E).

2.3 New Era offshore plume simulations

The equivalent parameters for thew Era sediment-plume modelling runs were:

e sediment classes — used the same four sediment classes and settiogities

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 7
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discharge height — the bottom of the hopper for thew Era when laden is 3.5 m
below the water surface and 1.5 m when empty, ssdldiment discharge height
has been set at 2.0 m below the surface, sligletiywbthe laden/empty average

discharge sequence — the turnaround time of 2 hours is set the sasnhea larger
TSHD but the discharge time is set at 4 minutespaoad with 10 minutes for a
larger TSHD

discharge location — same as before

hopper composition and discharge rates — theNew Era hopper capacity is only
600 n? compared with 10,800 Hrfor the larger TSHD, otherwise the loading
factors and wet bulk densities are assumed todedme. Therefore the sediment
volumes discharged from thidew Era hopper are 5.56% of those for the larger
TSHD (i.e., 600/10,800 = 0.0556), but the dischatigee is only 4 minutes
compared with 10 minutes for the larger TSHD sametdr of 10/4 has been
applied to the volumes to determine tewv Era discharge rates. A comparison
of the sediment discharge rates for both TSHD eswvshin Table 2.1.

Sediment discharge rates (kg/s) on a saturatedatveasis used for the dredge hopper
scenarios for each sediment size class coveringremlominantly-silt hopper
composition using a larger TSHD (10,808 capacity) compared with tHéew Era
(600 ).

Hopper load scenarios
(predominantly silt load)

" Larger TSHD New Era

Sediment-class discharge

(kg/s)

Class 1 (fine silt) 2,326 323
Class 2 (medium silt) 3,034 422
Class 3 (coarse silt) 3,236 450
Class 4 (fine sand) 1,517 211

itPredominantly-silt hopper load for the larger TSHidge would be 3,790%assuming a lower hopper
loading factor of 0.35 for mostly silts. The samading factor was applied to ttNew Era. The lower

loading factor arises from early cessation of dieglgvhen the hopper starts to overflow and silte'do
readily settle in the hopper like sands. A bulksignof 1600 kg/mis assumed for both TSHD dredgers.

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 8
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3. Results for the harbour plume modelling

The results are presented as a series of two Sp#sred plots on facing pages of both
the 2-week average SSC and the 2-week accumulafexgsigion.

The left-hand pageare the previous results from the larger TSHD shawFigures
7.4 to 7.13 of the NIWA 2009 report (apart from gredominantly-sand simulations
in the bottom panel which were re-run for an owavflstarting 20 minutes into the
dredging cycle). The right-hand pagee the equivalent simulations using the smaller
New Era.

The same spatial coverage and the same susperdietkee concentration or
deposition scale palettes have been used in the, pi® those used in the 2009 NIWA
report, to provide a ready comparison of the d#ffiees in average SSC and the 2-
week accumulated deposition between using a lagelger and thislew Era.

Harbour sites mentioned are shown in Figure 1.2.

3.1 Comparisons for the 2-week average suspended-sedmeoncentrations

Suspended-sediment concentration (SSC) averaged emeh 14-day plume
simulation was calculated for each model grid (3 m x 30 m) and plotted in Figure
3.1 to Figure 3.10 for each of the five dischargerses. Concentrations are presented
in kg/n?, where 1 kg/rhis equivalent to 1000 mg/L and 0.1 k§/im equivalent to 100
mg/L. Average SSC over 2 weeks are provided tactlireompare with the previous
2009 model simulations for a larger TSHD and mamtprequirements for overseas
dredging projects tend to be expressed as a 2-wamkng-average (covering a
spring-neap tide cycle). Notethe modelled SSC excludes any background
concentrations, which can vary considerably eaghat@ throughout a tide cycle. So
SSC is expressed as an excess concentration diie tlvedging over and above any
background concentration.

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 depitditide to seabed level). However,
because the sediments are discharged at depthhamdpteferentially settle (even
though there will be some upwards vertical disgarsithe SSC will be distributed
unevenly through the water column, skewed towardshrhigher-than-average SSC
near the seabed compared to a lower-than-averagea®$he water surface. This

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 9
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skewed distribution also occurs naturally with kidarrent or wave stirring of bottom
sediments, where the SSC is far greater just abioweseabed than at the surface -
more so the deeper the water column and the léngegrain size.

The plots (Figures 3.1-3.10) show the following kesults:

e all simulations for a 24/7 operation based New Era show that 2-week
average SSC in the main channel reaches only 2@g80 above background
concentrations, with smaller patches from 50-100Lnwhere the dredge
operates. On the intertidal areas, mostly the gee&5C is predicted to only
reach 20 mg/L with some limited areas up to 50 m@tese concentrations
are at least ten times less than those simulatatiédarger TSHD

« the New Era discharges in the Turning Basin (Figures 3.2 & add Taylers
Bend (Figure 3.6) would have the most influenceraising average SSC
above background levels in the Upper Harbour. @atshe main channels,
SSC would be up to 50 mg/L in small areas (maingstwof Portobello
Peninsula for dredging in the eastern Turning Basind mostly below 10
mg/L above background concentrations

« the highest depth-average SSC values of up to @0 will occur in small
patches in the main shipping channel where Nleer Era is operating. In
subsidiary side channel north of Quarantine Isldmdbugh to Portobello
Peninsula (Figure 3.4), there will be patches VB8C up to 50 mg/L when
the dredge is working the eastern Turning Basin

» considering the silt component of discharges preduby New Era from
predominantly-silt (top panels) versus predominaséind areas (bottom
panels), there is little difference in the spaéatent of the areas affected by
the respective silt plumes. The SSC are only dlidhigher in most cases for
the longer overflows when dredging predominantiyesareas

» while there is only a short distance separatingttéee Turning Basin source
locations (east and west on Figures 3.2 & 3.4)ethwll be a substantial
divergence in areas affected by suspended-sediphemies due to the strong
flow divergence at Quarantine Island. From the “Wvesource location,
discharge plumes would be transported up the Mi&tGhannel partway into
the Upper Harbour (Figure 3.2), while plumes frdra teast” source location
(Figure 3.4) would be preferentially transported dispersed to areas around

4 Where a small 2% fraction of silt has been asstiméoe sands

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 10
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the Portobello Peninsula and into the Latham Baydtiow Head area of the
Upper Harbour, predominantly only in the SSC ramgd0 mg/L above
background but there are small patches with SS© &0 mg/L (for locations
see Figure 1.1 of Bell et al., 2009)

» virtually all of the eastern side of the Lower Haub from Te Rauone Beach
through to the eastern side of Portobello Bay wdaddargely unaffected by
turbidity generated biew Era, with only a few small patches of SSC up to
10 mg/L (Figure 3.10)

* the eastern side of the Upper Harbour from Grassyt o Dunedin would be
also largely unaffected by sediment discharges fem Era

» the 14-day average SSC will be negligible in thdistinct plume that
emanates from the Mole to Taiaroa Head channebseftr dredging claims
in the Turning Basin, but will gradually increageto a depth-average SSC of
10-20 mg/L for dredging at Harington Bend. Theserage SSC levels
offshore from the Mole would reduce somewhat as drexlger works the
Howlett claim (between Harington Point and the Niaad further reduce in
the Outer Channel claim as the silt content of shady seabed sediments
reduces considerably to be negligible.

Also pertinent to these results on 2-week averagdéise finding in the NIWA 2009
Report (Bell et al., 2009) that the % of time ths excess SSC is negligible is quite
high outside the main channels—often 80% of the tonmore. This occurs because
the dredging discharges are not continuous, buicoyih gaps of up to 1.8 hours and
the tidal flows reverse every 6 to 6.5 hours, piling lengthy periods at “upstream”
sites for silt-sized material to settle out.

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 11
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3.2 Comparisons for the 2-week accumulated seabed dejtasn

A similar sequence of plots is shown below (FiguBekl to 3.20) for the 2-week
accumulated sediment deposition. Results are disdust the end of the plots.
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Figure 3.11: 14-day accumulated seabed deposition in kgbm a Basin—west discharge source
from the larger TSHD dredging predominantly-siiots (TOP) and predominantly-
sand claims (BOTTOM).
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Figure 3.12: 14-day accumulated seabed deposition in kdtma Basin—west dischardgem the
smallerNew Era dredging predominantly-silt claims (TOP) and pmadwantly-sand
claims (BOTTOM).

Sediment plume dispersion modelling: Comparisoa lafrger dredger with thdew Era 23



N
I
.

Ta
ih
0
ro
Nuk
u
ra
n
gi

s
o
2
%
oty
%
i
i
2
%
2 %
oty
%

%
%
25
- :E‘.E.'
o s
H] it
(Y 5 3::::'
E oy ....0..
5 2 .......
= o %5 ....O...
= s s ooo.omo
= 2 b ooo.o.ooo
2 rass .o.o....
0 ..': % :.:::::::
e s ...... :::::::..
e ..........o. i %
o ......o... oo 5
.....o..... ........:
ol ........... ooooooo.
S ......ooo :::....
2% 2 oo......oo. s
2% s 2 .................
coos e ...........
2% s e .........
o % ........
...... ....o....
S 2 ..........
...... .o.o...ooo
":::::. "’:::::‘!
':333‘::.. 53
2 s 2
% %
2 %
25 2 %
::::.. o
...... 555
::::::33..
......o.....
......o......
2 ...........
.......... %
o....».........
'-r'... .........
X ......o..
,.:g..o...
i
s
%
3 i "
R
R
:«‘ :‘»
«»0 »«0 &
»«»: »:::“ - <
»»« o “.“ 35
»«»« 0:.““‘ s
““““:‘ :»0 »«o %
“““:‘ .:000000 »«0 ot
““:‘ :::«»«»0 »«o S
“:‘ ’:«»«»«»« »«o %
& :::»»»»«»«»0 »«o
:’:«»«»«»0«»:0 :0‘:9:::“ 5 5
83 “‘:::::::::::::0::0« R »«0 o ":..3.
“‘“0: »»»»»»» o»« R »«o 2 % 2%
X 58 »»»»» o»« R »«o o S 2 e
55 “‘“ ““ 0»»»»» 0»« R »«0 ’::: % o %
= :::::Q:‘:::o:’:0»»:oozo:::‘:0:::.:0.:9:::“ % :::‘:::SSS::« %
7} “‘““::0:‘:::0:’::»0 % 0»» 0»« 0«»«0 i 0""""' o
@ “““:»«» »«o & 0»» 0»» 0»« 0«»«0 “‘::333333. o
X ““ XX »«o e K e 0»» 0»«»«»«0 :::......m o
€ 55 ‘“““‘ «» »«o & R K o»» o»«»«»«o ( .........oo...o ::::
2 % :’:::::»«» o 2 K 0»» 0»» 0»«»«»«0 ki % "““:!:::::::« 5
= X KR »«o««» K R & R K o»»«»«»«»«o ilo ::::.:‘::..._ ,.,,.... 2
= ’“‘ X o«»«» K R & R K o»»«»«»«»«o - ........ e ...oooom 2 g;;;
e 33 < ot o»» o»»«»«»«»«o .....o.... ....»oo.... .........
X 33 “‘““’ & & 3 s R »»»»«»«»«»«o e ....oo..... .......o...:: .......
“:«"=~=‘==33=£‘~=‘~=‘~=‘»»~:~»:::::::::::::::.«:.. o "==ssssszs=.:.:s=ssssss:::.. - -
X XX & «»‘ bods o o “““ X ,,,,.... % ) ........................... 7 "
R K 0«« X K R & o»»»» %% ...._,...,... % o o
3 X K 0«« X & o»» o»»»»»«»«»« XX % ........o.. 2 o 2 5 s
& 8 X K 0«« X & o»» o»»»»»«»«»« XX ,,,,,...... oo ::: ..:::
’“‘ K «»0 X K o»» 0»»»»»«»«»« XX ""“"" % e .....
"‘“‘ X 0 X 0»»»»»«»«»« «» ““"' o 4 .....
&R »»o % X K «»o »«o o»» o ‘““ ’“‘ ...... 55 s S
%0 S35 o "o:’.:’:32.:323:.2‘:22.2‘2:2:2:2:2:2.2:.«».»«» ""::: S 33333
33’333“3“« “:..“.:‘.:':::::::::.:°:::.:‘::::::::::::::::::::::::.« . . y
‘“’ “:::0:‘:::« 0« K2 &2 «»«»«0 o»» »0»»»»«»:»0:::::; ‘::::::::::. ..... i
“:..“:::.:':::::::::.:°:::.:':::::::::::.:::......; e = e
"4‘333'3’333‘333" “:..“2::.2‘2:2:2:2::.2‘:22.2‘222222222222222:22:‘& "==s=:::::-:::::: -’mxd
"J’“""“““““':.. “:..“:::.:::::::::::.:°:::.:‘:::::::::::::::::;. ::;;;,g;;' dop
"°““""“"“‘*":.. ":::::::::::::::.:::::.:‘:::::::::::::::::. - = b ost
:::o:’:::::::::::::o»» % »«»«»«»«o«»:‘:o:::::::::.:?:" o 5 — . 5 &
«o« «»«»»»»»» % X2 »o«:::::::::.:‘«»o »«»«» 0»9«‘»‘ i o ve n
“"“““"““‘“:::::» XX “::::»«»«o«» «»0 »«»«»«w«w 1 00 5
"’“’::::::::::::o»»»o o«o »«»0.‘ ‘»«»‘0 Dogs ‘“““:’“::::::,, 0-00 2 i)
& ’“‘ ««»«»«»»» ot 15 »«»‘ XX “““" ’““ 8 R «.« oS 5 0
2o X "" e % o«« ‘»0«»«»0 »0000«09 & ] 5 T 0
o« XX «0««»00»»»» c«»« ««ooo«»0»0000000»00»«»0 - 0 0 2 0
F «« R K2 0«::::00:»:::.: X ,,“ bt y i .,“,““ ,“““:.“:::: & 0_20 ” 0
0 R :’ X & X X .:». KR ¢ - o:‘.»::::::::.tz». o - 0.1 b ] 1. 00
s ':r'f:::::::: - a oo
0 X X o ,“’:::‘ gog 2 gzg
% o o
& b %% B .0 & 1
R X e 1 0 0
b 4s XX lo = .0
(% £ W 1] 5
2 ::0 0'02
X2 %% 0
o & g 1
o«o ot
o«o ot % .
£ 5
4 ’“‘". »»0» & . 5
"”: »»»0 ot Yo% ::”’-’
::::0 »»»» 0« .«’“‘;
. »»»o & «««o le%s ‘“’
’“"“ 0»»»0 »«» s s A
“’“‘" »« ««««o‘
’“"“‘ .:'::::::::0 2 000000000‘
“’“‘" »»»» 3K 0««0«.‘
6 0««0«0 X o««««o‘
ot »»»»
«««« % ,»»,“ ot «««»‘
0«««« L .““». ..o..»..‘
«0«««0 % “,,“ «0««‘
««0«0 % ..». 0««0.“
"“”‘ .::»»o »0«»‘
55 ':::::’
8 0% :‘:’ ,,....4
o X :«« »»»
- XS % b oo« "“‘0‘
(ki Z % o«::oo«:: .:::::::
ilo X “o::::::::»o 0»0»‘
m 1 & o««««o«» "“’0‘
e 0 X o««o«o««w 00»000‘
tel % 00«0«0 0«0«» e :::::0:
) o5 85 :::::::::.:‘::3:::&» »0»»
&2 0:«««0««0« «o««o«o 00000
.A:««««««««:o «::::::::“ .::::.‘
1 ":‘:'::::::::::o:::« «w«»« »00
2 'A:»««o«»«o«« «w«»« 1o <
A«»«w 0««««0 «w««o ’:::0‘
A«» XX o«««::o :o:::::::’. 3 &
R 0«0«0« X 1
‘33:::3:.3‘3:333333::333:3:.23::: (;d
A«»«« »««0«»««« X 9 a
1 ‘°:::::::.:*:::::::::::::::;;;3 _g"“;d
‘°:::::::.’*::::;::;55:: = geo
.0::::::»: ::«w::c B Ab Siti
) 5 20 o
6 0‘..« 000‘ — 1-08’6 n
o2o%e% —] 0.00 _200
— 95 s
1 | 0 2! N o]
8 - 8'38 g gg
5 ° 0' 0
0 .
o o2 0'20
el 1 i 0'10
tow 0'05
o'gi

1!
5
-0
1
-2
0070

1

:0

0

:0

0

F.
ig
u
re
3
.13
o
fr -d
0 a
Sam y
nd th ac
Cla cou
|m;g(|:ru|at
B T e
o) S d
T H S
T D e
o dab
M r e
) ed d
. ginde
g p
0 n
mi i
! in kg
X
i .
it
inhBa
S Si
o
0O e
t
a di
nd is
sona
(0] e
m
iI‘]SO
a u
y-

S
ed
im
e
n
t
plu
m
e
di
is
pe
Isi
io
n
m
od
elli
i
-
o
m
pa
fis
oa
laf
ge
r
d
re
d
ge
r
w
ith
v
E
ra
24



—NIWA_—

Taihoro Nukurangi

161
149
Lo
pp
12] &
1073
%‘
2
E 8
g
67 ae
14 day deposition
(kg/m2)
Il Above 5.00
4 ] 2.00-5.00
[ 1.00-2.00
[ 050-1.00
I 0.20-0.50
27 I 0.10-0.20
Il 005-0.10
Il 002-005
Il oo01-002
0 : ‘ : ‘ : ‘ : : ‘ [ Below 0.01
0 2 4 6 8 10 12 14 16 18
(kilometer)
15-01-2007 01:00:00
161
144
127
103
B
2
E 8
<
67 ae
14 day deposition
(kg/m2)
Il Above 5.00
4 ] 2.00-5.00
[ 1.00-2.00
[ 050-1.00
I 0.20-0.50
279 I 0.10-0.20
Il 005-0.10
Il 0.02-005
Il o01-002
0 : ‘ : ‘ ‘ ‘ ‘ ‘ ‘ [ Below 0.01
0 2 4 6 8 10 12 14 16 18

(kilometer)
15-01-2007 01:00:00

Figure 3.14: 14-day accumulated seabed deposition in kdgoma Basin—east discharf@m the
smallerNew Era dredging predominantly-silt claims (TOP) and pmadwantly-sand
claims (BOTTOM).
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Figure 3.15: 14-day accumulated seabed deposition in kdtma Taylers Bend discharge source
from the larger TSHD dredging predominantly-siiots (TOP) and predominantly-

sand claims (BOTTOM).
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Figure 3.16: 14-day accumulated seabed deposition in kdtma Taylers Bend discharge source
from the smaller New Era dredging predominantly-silt claims (TOP) and
predominantly-sand claims (BOTTOM).
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Figure 3.18: 14-day accumulated seabed deposition in kdfma Cross-channel discharge source
from the smaller New Era dredging predominantly-silt claims (TOP) and
predominantly-sand claims (BOTTOM).
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Figure 3.19: 14-day accumulated seabed deposition in kgion a Harington Bend discharge
source from the larger TSHD dredging predominantly-sillaims (TOP) and
predominantly-sand claims (BOTTOM).
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Accumulated seabed deposition over each 14-day eplsimulation is presented in
mass of sediment per unit area of seabed @g/fhese deposition values are
generally conservative as no subsequent resuspebgicompetent tidal currents or
wind-wave stirring was included in the plume modehulations, which will act to
further spread and disperse some of the initiaiytesd material.

To convert to the predicted thickness of deposifimm), a settled wet bulk density
has to be assumed. A wet bulk density for recesglyled sediments was assumed to
be around 1300 kg/fras used in the 2009 NIWA report. Consequently, Hig@est
band of deposition above 5 kd/rtred) in Figures 3.11-3.20 equates to a 3.8 mm
thickness (dividing 5 by the density 1300) that lddoe accumulated over the 14-day
simulation period, which converts to a rate of @@ per day.

The plots show the following key results for sealwsposition over a 14-day
neap/spring tide cycle with varying winds:

« deposition at or above 5 kg/n{red) or approximately 3.8 mm over a
fortnightly period is very confined to the immediavicinity of the main
shipping channel wherBlew Era dredges. This is in contrast to the larger
TSHD, where the same deposition level occurred ugjinout the main
shipping channel (all discharge sources), the didygi channel to the east
from Quarantine Island, around Goat Island and ugtovla Channel to
opposite St. Leonards for a discharge source atifigiBasin—west, and some
of the flanking intertidal flats to these channels

» discharges from predominantly-silt claims (top pane Figures 3.11-3.20)
cause very similar deposition thicknesses (and deiposition rates) to those
from predominantly-sand claims (bottom panels)

e the Upper Harbour will have virtually no discerrabteabed deposition
arising from discharge sources at Harington Berdl fanther seaward (Fig.
3.20)

* most of the eastern parts of the Lower and Uppebdéilas would be subject
to negligible or no deposition, apart from the reawst of Latham Bay for
discharges from the eastern side of the TurningnBaghere deposition may
reach 0.5 kg/fm (0.4 mm) over 2 weeks or an accumulation rate .68 0
mm/day)
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* mid-harbour intertidal flats will have substantyalbwer deposition rates and
extent of deposition usingew Era compared with the larger TSHD by about
10 times less, from 2-5 kgfntio 0.2-0.5 kg/rfor similar areas. WittNew
Era, the main areas affected by up to accumulatioh®kg/nf in 2 weeks or
a rate of 0.03 mm/day will be: a) mid-harbour itited flats opposite Tayler
and Pulling Points from dredging at Harington Bemdmid-harbour intertidal
flats opposite Port Chalmers to Quarantine Islandhfdredging the eastern
Turning Basin; and c) the inter-tidal bank souttstvef Quarantine Island
adjacent to the Victoria Channel from dredging €ayiBend area.
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4. Results for the offshore plume modelling

4.1

The results are presented as a series of pairgd piahe envelopes of maximum
suspended-sediment concentrations predicted atleeation at any time during a 48-
hour cycle of disposal from the larger TSHD (toptg) versus thé&ew Era (bottom
plots). These simulations cover the more consemvdight-wind conditions simulated
for the larger dredger and reported in Section.BlofiBell et al. (2009).

The same spatial coverage and concentration pdlatte been used in the plots to
provide a true comparison of the differences in imam suspended concentration
between using a larger dredger andNiee Era.

Light WSW winds

Figures 4.la—c show the composites of maximum excspended-sediment
concentration (SSC) during 48-hour periods for eafcthe smaller three size classes
(excluding fine sand) in the bottom layfer wind scenario 1 (light WSW wind of 7
m/s). Figures 4.2a-c show the equivalent compasisonthe near-surface laynr the
same wind scenario. Note: SSC from each of theetlireer sediment classes is
additive to get the total SSC leaving aside finedghat settles much more quickly.

The top plot in each case shows the result fromptieelominantly-silt hopper load
from a larger TSHD, and the bottom plot is the ealgint result for théNew Era.
Results are only for discharges at the most landiwab-site #1 in AO (Figure 2.2).

The maximum SSC in the disposal area in the botsym@r usingNew Era will be
about 6—7% of the maximum simulated SSC for a tafgHD that was reported in
Bell et al. (2009). For this light WSW wind conditi, adding the maximum SSC in
the disposal area from the three silt-size clasHes, bottom layer will reach a
maximum of 47 mg/L and the near-surface layer 8.nging theNew Era.

When the edge of the plume reaches the coastlirth 06 Cornish Head, the excess
SSC is very low reaching no higher than 0.5 mgddiag all 3 silt-size classes) in the
bottom layer for the larger dredger under thesedvgonditions, while théNew Era
would produce concentrations of ten times lessO&éhg/L).

The extent of influence from the sediment plumesinglar for both sizes of dredge,
with subtle differences, especially in the spreffidhore for this light WSW wind
scenario. These arise from differences in the hopplscharge depth.
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Statistical maximum :
Class 1 [kg/m”3]
B ivove 0.1500
I 0.1400 - 0.1500
[ ] 0.1300-0.1400
[ Jo1200-01300
[ Jo.1100-01200
[ ] 0.1000-0.1100
[ 0.0800 - 0.1000
] 0.0600 - 0.0800
[ 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
[ ] o.0000 - 0.0030
[ ] 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.

-45.55
Cornish /
Heac

-45.60

-45.65
Statistical maximum :
Class 1 [kg/m”"3]
k Il Above 0.1500

-45.70
[ 0.1400 - 0.1500
[ 0.1300 - 0.1400

—

] 0.1200- 0.1300

-45.75 1 0.1100 - 0.1200
1 0.1000 - 0.1100

-45.80 [ 0.0600 - 0.0800
I 0.0500 - 0.0600

I 0.0400 - 0.0500

45.90 ] 0.0030 - 0.0100
| 1 0.0000 - 0.0030

[_] Below 0.0000

[ 0.0800 - 0.1000

-45.85 I 0.0300 - 0.0400
\_> I 0.0200 - 0.0300

// 7 0.0100 - 0.0200

|:| Undefined Valu¢

-45.95
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 1 of 3.

Figure 4.1a: Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for_size classid the bottom layer (L1pver 24 disposal cycles for
wind scenario 1 (light WSW windt disposal sub-site #1. Noteaximum SSC for
the top and bottom plots respectively is 160 mgid 41 mg/L (7%) and for coast
north of Cornish Head, SSC will be 0.2—0.4 mg/L ar@l15—-0.03 mg/L respectively.
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Statistical maximum :
Class 2 [kg/m”3]
B ivove 0.1500
I 0.1400 - 0.1500
[ ] 0.1300-0.1400
[ Jo1200-01300
[ Jo.1100-01200
[ ] 0.1000-0.1100
[ 0.0800 - 0.1000
] 0.0600 - 0.0800
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[ ] 0.0030-0.0100
[ ] o.0000 - 0.0030
[ ] 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.

-45.55 /

-45.60

-45.65 Statistical maximum :

Class 2 [kg/m"3]
E I Above 0.1500
-45.70 I 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ 0.1200-0.1300
-45.75 1 0.1100 - 0.1200
> [ 0.1000- 0.1100
[ 0.0800 - 0.1000
-45.80 [ 0.0600 - 0.0800
)_/ [ 0.0500 - 0.0600

-45.85
ﬂ // ] 0.0100 - 0.0200
1 0.0030-0.0100
| 1 0.0000 - 0.0030
[ ] Below 0.0000

I 0.0400 - 0.0500
[ ] Undefined Value

>

I 0.0300 - 0.0400
I 0.0200 - 0.0300

¢

-45.90

-45.95
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 1 of 3.

Figure 4.1b: Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for size classi the bottom layer (L1pver 24 disposal cycles for
wind scenario 1 (light WSW windt disposal sub-site #1. Noteaximum SSC for
the top and bottom plots respectively is 280 mgid 47 mg/L (6%) and for coast
north of Cornish Head, SSC will be 0.002-0.04 mghd 0.002-0.01 mg/L
respectively.
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Statistical maximum :
Class 3 [kg/m”3]
B ivove 0.1500
I 0.1400 - 0.1500
[ ] 0.1300-0.1400
[ Jo1200-01300
[ Jo.1100-01200
[ ] 0.1000-0.1100
[ 0.0800 - 0.1000
] 0.0600 - 0.0800
[ 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
[ ] o.0000 - 0.0030
[ ] Below 0.0000
I:l Undefined Value
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Sigma Layer No. 1 of 3.
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Statistical maximum :
45,65 Class 3 [kg/m"3]
- Above 0.1500
-45.70 0.1400 - 0.1500
[ 0.1300 - 0.1400
[ 10.1200 - 0.1300
-45.75 [ 0.1100 - 0.1200

[ 0.1000 - 0.1100
[ 0.0800 - 0.1000
[ 0.0600 - 0.0800

A
-45.80 I 0.0500 - 0.0600
[ 0.0400 - 0.0500
# \_'> I 0.0300 - 0.0400

588 I 0.0200 - 0.0300
)/ [ 0.0100 - 0.0200
-45.90 1 0.0030 - 0.0100
[ 1 0.0000 - 0.0030
[__] Below 0.0000

4595~ e L T [ ] Undefined Value

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

Figure 4.1c: Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for size classi® the bottom layer (L1pver 24 disposal cycles for
wind scenario 1 (light WSW windat disposal sub-site #1. Noteaximum SSC for
the top and bottom plots respectively is 320 mgid 49 mg/L (6%) and for coast
north of Cornish Head, SSC will be <0.011 mg/L ar@D1-0.003 mg/L respectively.
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/\ 7 0.0800 - 0.1000
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/J I 0.0500 - 0.0600

I 0.0400 - 0.0500
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Statistical maximum :
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4595 +——""T""""T——
170.50 170.60 170.70 170.80 170.90 171.00

Sigma Layer No. 3 of 3.

-45.55
-45.60 r
-45.65 Statistical maximum :
Class 1 [kg/m"3]
Il Above 0.1500
-45.70 I 0.1400 - 0.1500
0.1300 - 0.1400
0.1200 - 0.1300

-45.75 ] 0.1100 - 0.1200
1 0.1000 - 0.1100

/\ [ 0.0800 - 0.1000

-45.80 I 0.0600 - 0.0800
/\/ [ 0.0500 - 0.0600

I 0.0400 - 0.0500

_45.85 - I 0.0300 - 0.0400
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45,95+t e
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Sigma Layer No. 3 of 3.

Figure 4.2a: Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for size classid the near-surface layer (L®8yver 24 disposal cycles
for wind scenario 1 (light WSW windjt disposal sub-site #1. Not@aximum SSC
for the top and bottom plots respectively is 42 lmayhd 2.5 mg/L (6%) and for coast
north of Cornish Head, SSC will be 0.02-0.2 mg/d &rD07-0.03 mg/L respectively.
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Figure 4.2b: Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for size classi2 the near-surface layer (L®yver 24 disposal cycles
for wind scenario 1 (light WSW windjt disposal sub-site #1. Not@aximum SSC
for the top and bottom plots respectively is 46 lmayhd 2.7 mg/L (6%) and for coast
north of Cornish Head, SSC will be 0.01-0.03 mgfhd a0.001-0.005 mg/L
respectively.
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Figure 4.2c: Max. SSC composite envelopes for larger TSHD loads) @ogd theNew Era hopper
loads (bottom) for size classii® the near-surface layer (L®8yver 24 disposal cycles
for wind scenario 1 (light WSW windjt disposal sub-site #1. Noteaximum SSC
for the top and bottom plots respectively is 46 lmayhd 2.7 mg/L (6%) and for coast
north of Cornish Head, SSC will be 0.002-0.02 mgfhd 0.001-0.004 mg/L
respectively.
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4.2 Moderate WSW wind

Figure 4.3 shows a comparison of the compositemaXimum excess suspended-
sediment concentration (SSC) during 48-hour perfodgust the finest silt-size class
in the bottom layefor wind scenario 2 (moderate WSW wind of 14 miyure 4.4
shows the medium and coarse silt composites ibaktem layer for just th&lew Era
simulations.

Figure 4.5 shows the equivalent comparison for §ifis between the larger TSHD
andNew Era for the near-surface layéor the same wind scenario. Figure 4.6 shows
the maximum SSC composites for medium and coaltsdai just theNew Era.

The top plot in Figures 4.3 & 4.5 show the restoiri the predominantly-silt hopper
load from a larger TSHD, and the bottom plot is ¢lgeivalent result for thidew Era.
Results are only for discharges at the most landvgb-site #1 within the AO
disposal area (Figure 2.2).

The maximum SSC considering only fine silts (cla¥dn the disposal area in the
bottom layer usindNew Era will be about 5-6% of the maximum simulated SSCafo
larger TSHD (Figure 4.3). If the edge of the plumaches the coastline north of
Cornish Head, the excess SSC for fine silts wilvbey low reaching no higher than
0.18 mg/L in the bottom layer for the larger dredgeder these wind conditions. In
comparison, theNew Era would produce somewhat lower concentrations in the
surface layer and ten time lower in the bottomiaye

Looking at all three silt fractions (and excludifige sands that settle quickly), the
maximum excess SSC in the bottom lafrem New Era will be around 57 mg/L at

the disposal area and along the coastline nortboofiish Head the maximum on the
fringe of the plumes will be around 0.003-0.01 mg#lith coarse silts not reaching
the coast (Figure 4.4). In the near-surface laylee maximum SSC from all silt
classes would be 7 mg/L at the disposal area anaare than 0.01 mg/L along the
coast north of Cornish Head, with medium and coai$eplumes not reaching the
coast (Figure 4.6).

The extent of influence from the sediment plumesirigilar for both sizes of dredge
(Figures 4.3 & 4.5), with only subtle differencasedo the different hopper discharge
depths.
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Statistical maximum :
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Figure 4.3:  Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for sediment size classnlthe bottom layer (L1pver 24 disposal
cycles for_wind scenario 2 (moderate WSW_wirad) disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respédstiie 260 mg/L and 14 mg/L
(5%) and for coast north of Cornish Head, SSC kall0.03—0.18 mg/L and 0.002—-
0.01 mg/L respectively.
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Figure 4.4: Max. SSC composite envelopes for just tew Era hopper discharges for medium
silt (top) and coarse silt (bottom) in the bottaagdr (L1)over 24 disposal cycles for
wind scenario 2 (moderate WSW wiraf) disposal sub-site #1. Not@aximum SSC
for the top and bottom plots respectively is 21 Imfzhedium silts) and 22 mg/L
(coarse silts) and for coast north of Cornish H&RIC will be<0.001 mg/L (medium
silts) and O mg/L (coarse silts).
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Figure 4.5:  Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for sediment size clasis the near-surface layer (L8yer 24 disposal
cycles for_wind scenario 2 (moderate WSW wirad) disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respédgtiige35 mg/L and 2 mg/L (6%)
and for coast north of Cornish Head, SSC will H808-0.05 mg/L and 0.002-0.02
mg/L respectively.
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Figure 4.6: Max. SSC composite envelopes for just tew Era hopper discharges for medium
silts (top) and coarse silts (bottom) in the neafaxe layer (L3)over 24 disposal
cycles for_wind scenario 2 (moderate WSW_wirad) disposal sub-site #1. Note:
maximum SSC for the top and bottom plots respdgtige2.2 mg/L (medium silt) and
2.3 mg/L (coarse silt) and for coast north of CshriHead, the excess SSC will be nil.
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4.3 Light NNE winds

Figure 4.7 show the composites of maximum excesspended-sediment
concentration (SSC) during 48-hour periods for jim finest silt-size class in the
bottom layerfor wind scenario 4 (light NNE wind of 3 m/s). ki@ 4.8 shows the
medium and coarse silt composites in the bottonerlaipr just theNew Era
simulations.

Figure 4.9 shows the equivalent comparison betwieenarger TSHD andlew Era
for the near-surface layéor the same wind scenario. Figure 4.10 showsrbdium
and coarse silt composites in the near-surface faygust theNew Era simulations.

The top plot in Figures 4.7 & 4.9 show the resudinf the predominantly-silt hopper
load from a larger TSHD, and the bottom plot is ¢lgeivalent result for thidew Era.
Results are only for discharges at the most landvgb-site #1 within the AO
disposal area (Figure 2.2).

The maximum SSC considering only fine silts (clhs® the disposal area in both the
bottom and near-surface layer usiNgw Era will be about 5—6% of the maximum
simulated SSC for a larger TSHD. If the edge ofgghene reaches the coastline north
of Cornish Head, the excess SSC for fine silteiy Yow reaching no higher than 0.1
mg/L in the near-surface layer for the larger dexdgnder these wind conditions. In
comparison, thé&lew Era would produce somewhat lower concentrations inniker -
surface or bottom layer at no more than 0.004 nffifie silts). A similar pattern of
decreased SSC fromNew Era discharge will occur off Otago Heads, with excess
concentrations of no more than 0.3 mg/L (fine siimpared with a maximum of 1.2
mg/L (fine silt) for the larger TSHD.

Across all three silt fractions (excluding fine darthat settle quickly), the maximum
in the_bottom layefrom New Era will be around 50 mg/L at the disposal area. Along
the coastline north of Cornish Head the maximumeexcSSC on the fringe of the
plumes from all silt classes will b£0.008 mg/L and along Otago Head§,6 mg/L
above background. In the near-surface layfee maximum SSC from all silt classes
would be 11 mg/L at the disposal area and no muwaa 0.03 mg/L along the coast
north of Cornish Head, and along Otago He&l% mg/L above background.

The extent of influence from the sediment plumesioth sizes of dredge shows
subtle differences due to the different hoppertdisge depths, which interacts with
the 3-dimensional structure of the combined Souathl€urrent flow and onshore
NNE winds. The main difference is the reduced &tspread of the plumes (both
onshore and offshore) to the north for thélew Era discharges.
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Figure 4.7:  Max. SSC composite envelopes for larger TSHD loads) @ogd theNew Era hopper
loads (bottom) for_size classid the bottom layer (L1pver 24 disposal cycles for
wind scenario 4 (light NNE windit disposal sub-site #1. Noteaximum SSC for the
top and bottom plots respectively is 140 mg/L amdd/L (5%). For the coast north of
Cornish Head, SSC is predicted to be 0.01-0.06 negfopared with 0.001-0.004
mg/L (New Era) and off Otago Heads, 0.15-1 mg/L compared wif2-80.3 mg/L
(New Era).
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Figure 4.8:  Max. SSC composite envelopes for ji#w Era hopper loads for medium silt (top)
and coarse silt (bottom) in the bottom layer (ldber 24 disposal cycles for wind
scenario 4 (light NNE windat disposal sub-site #1. Notmaximum SSC for the top
and bottom plots respectively is 13 mg/L (mediuitspiand 16 mg/L (coarse silts).
For the coast north of Cornish Head, SSC is preditt be<0.002 mg/L (medium and
coarse silts) and off Otago Heads, 0.01-0.05 mgpdjum silts) and 0.02—-0.26 mg/L
(coarse silts).
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Figure 4.9:  Max. SSC composite envelopes for larger TSHD loads) @op theNew Era hopper
loads (bottom) for size classid the near-surface layer (L8yver 24 disposal cycles
for wind scenario 4 (light NNE windjt disposal sub-site #1. Noteaximum SSC for
the top and bottom plots respectively is 63 mg/d &7 mg/L (6%). For the coast
north of Cornish Head, SSC is predicted to be @M-mg/L compared with 0.001—
0.003 mg/L New Era) and off Otago Heads, 0.2—-1.2 mg/L compared wi@i1-0.2
mg/L (New Era).
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Figure 4.10: Max. SSC composite envelopes for ji#w Era hopper loads for medium silt (top)
and coarse silt (bottom) in the near-surface |&y8) over 24 disposal cycles for wind
scenario 4 (light NNE windat disposal sub-site #1. Notmaximum SSC for the top
and bottom plots respectively is 4 mg/L (mediurtsjiand 15 mg/L (coarse silts). For
the coast north of Cornish Head, SSC is prediatebet<0.014 mg/L (medium and
coarse silts) and off Otago Heads, 0.01-0.024 nfgiedium silts) and 0.02-0.18
mg/L (coarse silts).
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5. Conclusions

5.1

5.1.1

In summary, this supplementary report, based othéurcomparable modelling of
conservative scenarios previously presented irlatiged Technical AEE Report for
the smaller New Era dredge shows that:

* harbour suspended sediment concentrations and ilepastes will be around
ten times less usinflew Era than a larger dredge (on which the previous
modelling was based)

« offshore, the silt concentrations in the plume getesl during disposal in the
vicinity of A0 would be around 5-7% of those prdditfor the larger dredge. On
the fringes of the sediment plumes where the iat¢rfhe coastNew Era would
produce much lower concentrations and in some dasemes lower than the
larger dredge.

Harbour plume modelling

Sediment plume modelling in Otago Harbour for agéar TSHD was previously
carried out by NIWA in 2009 using MIKE-21 PA modubléich is depth-averaged
(2D) model comprising a regular square grid. These sets of 14-day plume
simulations were re-run for the case where the namcallerNew Era undertakes the
capital dredging, based on five representativecgnareas and at each source area, for
dredging predominantly-sand sediments and predantijnsilt sediments.

2-week average SSC

Average SSC over 2 weeks are provided to direcimmare with the previous 2009
model simulations for a larger TSHD and monitorireguirements for overseas
dredging projects tend to be expressed as a 2-wamkng-average (covering a
spring-neap tide cycle). Concentrations from theKEH21 PA plume model are
averaged over the entire depth of the water colatrihe time of calculation, so the
14-day SSC averages shown in the plots are_alsa@e® over the water depttmid-
tide to seabed level).

All simulations for a 24/7 operation basedNew Era show that 2-week average SSC
in the main channel reaches only 20-50 mg/L ab@akdround concentrations, with
smaller patches from 50-100 mg/L where the dregigeates. On the intertidal areas,
mostly the average SSC is predicted to only re@cm@/L with some limited areas up
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to 50 mg/L. These concentrations are at leastiteestless than those simulated for
the larger TSHD.

ThoseNew Era discharges in the Turning Basin and at TaylersdBgauld have the
most influence on raising average SSC above backgrdevels in the Upper
Harbour. Outside the main channels, SSC would beéoup0 mg/L in small areas
(mainly west of Portobello Peninsula for dredginghe eastern Turning Basin), and
mostly below 10 mg/L above background concentration

Considering silt discharges produced Kgw Era from predominantly-silt versus
predominantly-sarfdareas, there is little difference in the spatietest of the areas
affected by the silt plumes from either source. B&C are only slightly higher in
most cases for the longer predominantly-sand dngdgycles.

Virtually all of the eastern side of the Lower Haub from Te Rauone Beach through
to the eastern side of Portobello Bay would be diyrqunaffected by turbidity
generated directly bilew Era, with only a few small patches of SSC up to 10lmg/
above background levels. Similarly, the easterre safl the Upper Harbour from
Grassy Point to Dunedin would be also largely waéd by the direct transport and
dispersion of suspended-sediment plumes genergtidevbEra.

The 14-day average SSC will be negligible in ttaistinct plume that emanates from
the Mole to Taiaroa Head channel section for dmgigiaims in the Turning Basin,
but will gradually increase up to a depth-averagC Sof only 10-20 mg/L for
dredging at Harington Bend.

5.1.2  2-week accumulated deposition

Accumulated seabed deposition over each 14-day eplsimulation is presented in
mass of sediment per unit area of seabed @g/fhese deposition values are
generally conservative as no subsequent resuspebgicompetent tidal currents or
wind-wave stirring was included in the plume modehulations, which will act to
further spread and disperse some of the initiaiytesd material.

To convert to the predicted thickness of deposifitom), the same settled wet bulk
density of 1300 kg/ftwas assumed, as used in the 2009 NIWA report.

The deposition plots show the following key restittis seabed deposition over a 14-
day neap/spring tide cycle with varying winds:

® Where a small 2% fraction of silt has been assuiméite sands
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+ deposition at or above 5 kgfror approximately 3.8 mm over a fortnightly
period (0.3 mm/day) is very confined to the immeaaligicinity of the main
shipping channel wherBlew Era dredges. This is in contrast to the larger
TSHD, where the same deposition level or rate geduthroughout the main
shipping channel (all discharge sources), the didrsi channel to the east
from Quarantine Island, around Goat Island and ugtovla Channel to
opposite St. Leonards for a discharge source atifigiBasin—west, and some
of the flanking intertidal flats to these channels

» discharges from predominantly-silt claims causeyvsimilar deposition
thicknesses (and daily deposition rates) to thaeen fpredominantly-sand
claims

* the Upper Harbour will have virtually no discermabdeabed deposition
arising from discharge sources at Harington Berttifarther seaward

« most of the eastern parts of the Lower and Uppebdlas would be subject
to negligible or no deposition, apart from the reaeest of Latham Bay for
discharges from the eastern side of the TurningnBaghere deposition may
reach 0.5 kg/fm (0.4 mm) over 2 weeks or an accumulation rate .68 0
mm/day)

o flanking mid-harbour intertidal flats, where mosf the non-channel
deposition will occur, will be at substantially lewdeposition rates usimggw
Era compared with the larger TSHD by about 10 times,lérom 2-5 kg/f
(0.1-0.3 mm/day) down to 0.2-0.5 kd/if0.01-0.03 mm/day) for similar
areas.

5.2 Offshore plume modelling

Simulations for offshore disposal were undertakew & more conservative

predominantly-silt hopper load during light and racate WSW winds of 7 m/s and

14 m/s respectively and a light 3 m/s NNE wind, whike very low concentration

fringes of sediment plumes are most likely to retteh coast. The disposal in these
simulations pertains to the landward side of thepaisal area at AO.

SSC concentrations offshore during disposal operatifor these scenarios will be
substantially lower using tHéew Era. Generally, maximum SSC from thew Era in
the general vicinity of 1-2 km around the dispamaa will be around 5-7% of the
maximum SSC produced by a larger TSHD.

Sediment plume dispersion modelling: Comparisoa lafriger dredger with tHéew Era 53



—NIWVA_—

Taihoro Nukurangi

At the disposal area, the near-surface IS®8€ concentrations for all silt classes from
New Era, for the three wind conditions simulated, are prted to be in the range 7—
11 mg/L (highest during the light NNE wind) aboweckground concentrations. In the
more concentrated bottom laygaredicted SSC will the range 47-57 mg/L above
background concentrations (highest for the modédréate/s WSW wind).

The fringes of sediment plumes from the smaNew Era will reach the coastline
north of Cornish Head, but the excess SSC combialhgilt-size classes will be no
higher than 0.05 mg/L for the different wind sintidas (highest during light WSW
winds). During light NNE winds, the fringes of tisediment plumes will also reach
Otago Heads, where the excess SSC for all silsetawill be no more than 0.6 mg/L.
No contact with the Otago Heads coastline will ecimr stronger NNE winds (see
Figure 11.10b; Bell, et al., 2009).

In comparison with the larger TSHDNew Era would produce much lower

concentrations and in most cases ten times lowethenfringes of the sediment

plumes when they do intersect with the coast. Tlsebstantial reductions arise from
a commensurate reduction in sediment loads fiiew Era compared with a larger

TSHD. Concentrations simulated in the receivingengare generally proportional to
the rate of sediment volume discharged given tineesdisposal location and release
height in the water column.

Patterns of plume dispersion and areal extentfafance are broadly similar between
the two sizes of dredger. This is expected as ¢darent material is released at the
same location, from which the same environmentalcgsses e.g., tides, winds,
currents, turbulent eddies govern the dispersalacheristics of the plume. There are
however subtle differences in the extent of infeerespecially along the onshore and
offshore fringes of the plumes. These differencesdrom the shallower discharge (2
m depth) from theNew Era compared with the larger TSHD (5 m depth), which
means the plume from thdew Era is initially influenced by near-surface water
processes for a slightly longer period while sedithettles through the 3 m discharge
height difference. The differences in extent of tiheme are a little more noticeable
for light onshore NNE winds.
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7. Appendix A: Ratio of seabed deposition for larger TSHD betweeB0-minute and
a 60 minute overflow simulations for “sand” claims

The predominantly-sand plots in the 2009 NIWA regbottom panels of Figs. 7.4 to
7.13) were mistakenly done for an overflow for fimal 20 minutes of the 80 minute
dredge cycle. These previous larger-TSHD simulatidor “sand” claims were
repeated in this present report (see Section 3)h@rcorrect timing of the overflow
starting 20 minutes after the start of the cycleaf®0-minute overflow.

For assessing the effect of the revised “sand” kitimns on seabed deposition for the
larger TSHD, compared to the earlier results in20689 NIWA report, the following
plots show the ratiof the revised 14-day deposition to the earlietudations with a
20-minute overflow e.g., a ratio of 2.0 means tlager 60-minute overflow
simulations produce twice the deposition as thertsha20-minute overflow for
dredging “sand” areas.

In the main channel, the ratio is up to twice tlepakition, while on the intertidal
flanks of the channels, the ratio in places isaightee times higher for dredging in the
critical swinging basin areas. This applies onlydredging by a larger TSHD in
“sand” areas.
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Figure A.1:  Plots of the raticof the seabed deposition for the longer 60-mirasterflow to the
previous 20-minute overflow simulations in the 200@VA report for largely “sand”
dredging in the swing basin—west (TOP) and swindiagin—east (BOTTOM) using
the larger TSHD.
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