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Executive Summary

As part of Next Generation, Port Otago Ltd (POL)moaissioned NIWA to carry out a field
programme deploying current and wave instrumenssipport hydrodynamic and wave model studies
in shelf waters off Otago Harbour. Both the fieldvéstigations and the subsequent model studies
(reported separately) were undertaken to undenpiasgessment of the effects of channel deepening
and dredging operations on Otago Harbour and tleetefof dredged material disposal on the inner
shelf environment.

A full set of current and wave measurements has m#ained at a potential dredged-material
disposal site at A1 (4 km northeast of Taiaroa Hieaer a 4 month period from March to July 2008
(excluding gaps between deployments). For all mg of these deployments, a concurrent ADCP
mooring site was also occupied at either B1 (Blueslay) or B2 (Heyward Point). Inshore, waves
were only measured at B2, due to a malfunctionh@& ADCP at site B1. The range of winds
experienced during the field programme was notdigsimilar to the long-term average distribution
from the long-term record at Taiaroa Head, butehgere slightly more west to south-west winds,
offset mainly by slightly less winds from the neghast quadrant. Strong winds from the south-east ar
infrequent, but one event was measured in thedegkyment, which provides insight into current
flows that coincide with large waves, with the paial for high sediment transport rates.

This Report presents a detailed synthesis of teéd fmeasurements and draws out the key
oceanographic and meteorological factors that @xpglae variability and extremes in the ADCP
datasets.

The current velocity measurements provide a uskdtdset in their own right showing the prevailing
patterns of coastal and shelf circulation in theaaof Otago Heads. Tidal currents at all three ADCP
sites only accounted for a small proportion of theasured currents—instead winds combined with
the influence of the Southland Current are the rdaivers for currents. At Al, the prevailing curten
drift in most cases is to the SE, with a slightidéen to the south in the last deployment (Julp&0
This prevailing current drift is altered at timebem moderate to strong S to SE winds reverse the ne
drift, but otherwise the more frequent winds frone tSW and NE quadrants appear to sustain the
south-easterly drift. Sometimes winds from a mooetherly direction cause this current drift to
deviate slightly more towards the south at Al.

These results have implications for the hydrodyraamd sediment modelling for a disposal ground
offshore (Bell et al. 2009), with tides being ngiiie, the Southland Current providing the regional
driver of net (average) flow patterns (including thossibility of an eddy off Otago Heads), and the
winds being the predominant cause of variabilitgafrent drift in the area of the offshore site Al.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project iv
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In Blueskin Bay (B1), the net current drift wastgurariable. For the first deployment in March/Apri
2008, the current drift exhibited slow cyclic mearsl at the seabed arising from a succession of
alternate NE and SW winds. This contrasts with Jhee 2008 deployment, where the current drift
was more consistently towards the northerly quadiee to more frequent and stronger winds from the
SW and weaker less frequent winds from the NE.

Off Heyward Point (B2), the prevailing net curreiift is generally eastwards at 1 km/day near the
seabed. In a similar manner to site Al, S to SElsvitaen reverse the net drift at B2 to be in a more
NW direction towards Blueskin Bay.

The current velocity measurements at various dgmtirgide a reliable and consistent dataset for use
in hydrodynamic, sediment-plume and sediment-trarispodels used to assess environmental effects
in Bell et al. (2009).

Logged temperatures and some salinity-depth pngfilndicated that weak density stratification can
be present at times e.g., heating of surface wateaiatumn and a small signature of reduced surface
salinities (probably from the Clutha River). Howevé was mainly confined to the top few metres of
the water column, and is unlikely to affect thepeisal of dredged material released at the disposal
site from a dredger with a draught of several nsetfeemperature measurements were also used to
bracket winter and late-summer estimates of sgttlelocity for sediment grains, with settling slityh
slower in colder temperatures.

The three highest wave events for the field seafiatcurred during the last deployment. The highes
significant wave height of 4.7 m was reached aO180n 31 July 2008, with peak spectral periods of
11-13 seconds (swell) arriving from an easterlgation. Local winds at Taiaroa Head preceding this
wave peak were from the SE. The second highesfisamt wave height of 4.5 m was reached a week
earlier at 0600 h on 24 July 2008, with peak spép@riods of 10-12 seconds (swell) arriving from a
SE direction, with local winds blowing from the S.

Wave statistics measured at Al provide an essed@dhset to verify wave models, which
subsequently are required as input to sedimens@h models. The wave information also provides a
future resource for verifying any future wave fasting system for the port operations.

Overall, these field datasets provide a coherectugd of the prevailing currents, waves and their
variability in response to wind forcing on the inrshelf off Otago Heads. The extension of the field
programme to a fourth deployment was worthwhilgteang the three largest wave events for the
entire field programme and providing useful insgbn the current drift offshore at site A1 when
infrequent winds blow from the SE.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project v
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1. Introduction

11

12

Background

Project Next Generation is an initiative by Portagud Ltd. (POL) to expand the
capability of Port Chalmers through a substantf@nmel deepening capital works
programme.

As part of Next Generation, POL commissioned NIV@Aarry out a field programme
deploying current and wave instruments to suppgdrddynamic and wave model
studies in shelf waters off Otago Harbour. Bothidfiand model studies were
undertaken to underpin an assessment of the effd#fctshannel deepening and
dredging/disposal operations on the harbour arghofe environments.

The offshore field programme was complemented &y daployment of a current
meter at three successive locations within thedwarby the Dept. of Marine Science,
University of Otago (Bowman, 2008a,b) and by ticel avind measurements from
POL operational tide and wind gauges located at Jjiie Wharf, Port Chalmers and
Dunedin Wharf.

Report content and purpose

This report provides a summary of the tide, curremave and temperature
measurements recorded during the offshore fielgnarame covering the period from
18 March to 4 August 2008 (nominally 20 weeks). Tohatract was for an initial 3
month period, but was extended to capture a loegason of wave and net-current
drift data that covered both autumn and the wisterm period.

The Report provides POL and various stakeholdetls am overall summary of the
field data collected offshore around Otago Heads$ arbrief synthesis of the main
results. The other primary purpose of the data teasupport the development of
numerical models of current flow, sediment transpmd suspended-sediment plume
dispersion, which are described in Bell et al. @00rhe offshore wave data were
provided to MetOcean Ltd, who were contracted sephr by POL to provide wave
modelling services to the project.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 1
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Deployment infor mation

ADCPs

The primary instrument used was an RDI Acoustic epCurrent Profiler (ADCP),
which measure currents in various depth bins alibeebottom-mounted acoustic
sensors. Each ADCP was also equipped with a wawkil®do enable the ADCP to
measure wave parameters via a pressure sens@gesueflection characteristics and
the wave orbital currents. An RDI ADCP is showrFigure 2.1.

Looking down on the acoustic sensor head of amrrateecording RDI Acoustic
Doppler Current Profiler (ADCP).

The ADCPs were deployed in weighted mooring frartieg were lowered to the
seabed and tethered to a surface buoy and navidaghi as shown in the schematic
mooring configuration in Figure 2.2. The acoust&att was nominally 0.4 m above
the seabed. Resource consents for the moorings al¢aened from Otago Regional
Council.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 2
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Figure2.2: Schematic diagram of an ADCP mooring configuratised off Otago Peninsula.

One of the ADCPs was moored in the centre of onth@foroposed disposal sites in
30 m depth of water 4 km northeast of Taiaroa H&dd and the other ADCP was
moored inshore occupying two different sites—itigiaoff Warrington in Blueskin
Bay (B1) and later at the start of July off HeywdPdint (B2). Locations and
deployment periods are provided in Table 2.1. Tites sare mapped in Figure 2.3.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 3
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Table2.1: Locations (WGS-84) and times for the ADCP deployteen

Site/Deployment # Latitude Longitude Time period in NZST
(S) (E) (in water)

B1/1 45°42.463  170°38.286 1840 18 Mar to 0750 0 4 Apr 2008
B1/2 " " No deployment (due to malfunction)
B1/3 " " 1600 31 May to 1040 29 Jun 2008
B2 /1 45°45.129 170°42.343 1020 04 July to 1350 04 Aug 2008
Al/1 45°44.695 170°45.716 1710 18 Mar to 1230 21 Apr 2008
Al/2 " " 0720 29-Apr to 1600 26 May 2008
Al/3 " " 1620 31-May to 1400 29-Jun 2008
Al /4 " " 0950 04 July to 1500 04 Aug 2008

Figure2.3: Location map of the three ADCP mooring sites ocedpiluring the offshore field
programme. $ource of map: extracted from Chart NZ661, Appreacko Otago
Harbour, ©Land Information NZ, 2006

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 4
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The main parameters for each deployment are listetable 2.2. Currents in each
vertical bin were averaged over 10 minute periadsnf48 acoustic pings at 12.5
second intervals.

Waves were extracted from 20-minute bursts at & Za&inpling rate every 2 hours,

except for deployment Al /1 when the bursts wereasued every hour (but

subsequently increased to 2 hour intervals themetdtconserve battery power). Wave
statistics were derived primarily from the waveitabvelocities measured in the

upper water column. Back-up measurements of waightgia the pressure (depth)

sensor were generally not appropriate to use mdhiation because of the depth of
water above the depth sensor other than during lkigh-period swells.

ADCP deployment parameters.

Site/Deployment # Instrument Mean water Vertical bin Waves
depth to size (m)
No. & freq sensors (m)

B1/1 #5481 1200kHz 15.2 1.0 n/a
B1/3 #1084 600kHz 15.25 0.75 v
B2 /1 #1084 600kHz 15.3 0.75 v
Al/l #7900 600kHz 30.9 0.75 v
Al /2 #7900 600kHz 31.0 0.75 v
Al/3 #7900 600kHz 31.0 0.75 v
Al/4 #7900 600kHz 30.5 0.75 v
Sea temper ature

Sea temperatures were measured to characterisgaltypimperatures in the shelf
waters for input for estimating the range of segflivelocities for sediment in the
disposed sediment plumes. Sea-temperature dedileproere also obtained as back-
up information on the stratification in the wateolumn in case the velocity
measurements from the ADCPs exhibited verticaled#ifices due to water-column
stratification (which they didn’t as it transpired)

Sea temperatures were measured by three diffarsintiments: a) the ADCPs have a
calibrated temperature sensor located on the megusic sensor head (which
measured near-bed sea temperatures); b) HOBO Wateperature Pro loggers on
the two mooring lines near the surface buoy andhidtwater column; c) a Seabird

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 5
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SBE 19 conductivity-temperature-depth (CTD) prafiehich was used on 27 May
2008 between 1000 to 1040 hrs.

Of the 4 HOBO water temperature gauges deployed ¢wb datasets were
retrieved—the ones at the top and mid-depth ofBhA2 mooring, with the mid-

depth sensor at site Al failing soon after deplaytmend the near-surface HOBO
going missing (either through storm action or theft

NIWA sea-surface temperature (SST) maps deriveth IRDAA satellites were also
archived for the Otago shelf waters. These encompaes three locations for the
ADCP deployments. An example SST map is showngurei 2.4. This illustrates the
northward-flowing Southland Current which is conspd of two water bodies with an
internal boundary between them called the Southfandt. To the east of the Front is
the main body of the flow carrying cold Sub-Antarctvater (blue-violet colours).
Inshore of the Front is a lower-volume flow on ttantinental shelf of warmer water
(red colours) arising from a portion of an eastwiiod of Subtropical Water across
the Tasman Sea that is deflected south around ¢iwe Z¢aland landmass and up the
Otago shelf (Sutton, 2003). This latter portioritef Southland Current is warmer than
waters found immediately adjacent to the coasinduniinter months (Figure 2.4).

\-\|||||||- 15-18 Jun 2008 (NZLT) 8T (°C)
9 10 n

12
U

An example of NIWA'’s sea surface temperature (S®&ps integrated over a few
days from NOAA satellite data—in this case integdabver the 15-18 June 2008. The

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 6
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band of warmer waters in the mid-continental shedfion (red colours) is indicative
of Subtropical Water carried north in the insharetmn of the Southland Current.

2.3 Winds

Winds during the deployment period were obtainemmfrthe Automatic Weather
Station at Taiaroa Head (NIWA Climate Database Adém 24854). The station is
located 75 m above sea level.

24 Tides

Tide heights were measured by a pressure transdnceach ADCP relative to the
acoustic sensor head. These were supplementedébgdiige measurements from the
Port Otago network (e.g., the Spit Jetty gaugéatentrance to Otago Harbour) and
offshore sea level measurements at 1-minute irfeefiam NIWA's gauge on Green
Island (45.956°S; 170.383°E) off Waldronville.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 7
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3.  Wind and tide conditions

31 Winds

The long-term wind climate for Otago Heads area wesved from 10-minute
averaged measurements at Taiaroa Head over thed plrhuary 1998 to May 2008,
with a gap from November 2002 to May 2003. Thisnspapproximately 10 years.
The wind rose for wind speeds and directions fa i®-year period is shown in
Figure 3.1.

The mean wind speed over the 10-year period was/&lwith a maximum of 38 m/s
reached on 3 May 2002 from the west. The wind timas exhibit a strong bi-modal
distribution (Figure 3.1), dominated by winds fraither the west to south-west or
from the north to north-east.

The wind rose for the 2008 field deployment persdhown in Figure 3.2 for the
period 19 March to 4 August. The mean wind speest the field period was 6.7 m/s
(slightly lower than the 10-year average) with Islig higher occurrence of calm
conditions (4.2% versus 2%). The maximum was 293 which was recorded on 18
April 2008 from the west (260°). The overall dibtition and pattern of wind
directions during the field deployment is similarthe long-term climate (comparing
Figure 3.1 with 3.2). However, there were slightipre west to south-west wirlds
(45% during the field period compared with 41%dnd-term climate) offset mainly
by slightly less winds from the north-east quadrgB9% occurrence in field period
versus 42% in long-term climate). This means tmgeaof winds experienced during
the field programme was not too dissimilar to theg-term average distribution.

Individual wind time series (wind speed and dira)i from Taiaroa Head for each
ADCP deployment period are shown in Section 4 alith the current velocities to
aid interpretation of the measurements.

Yincludes the 4 compass rose bars from SSW to Wsive
Zincludes the 4 compass rose bars from N to ENEshe

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 8
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20%

Ranges of Wind speed (m/s)
Wind speed (m/s) :’Eag:e\f:ogz &5
1- 3 . 5.
3. 7 min: 0.000
max: 38.608
7- 9
9- 12

12- 15
15- Inf

20% 20%

20%

Figure3.1: Wind rose for Taiaroa Head over the 10-year peiiioch Jan 1998 to May 2008 (excl.
16 Nov 2002 to 17 May 2003). Wind speeds for eardction are accumulated by %
occurrence in increasing increments of speed @ted by the width of the bars).
Meteorological convention is used in expressingdibection the wind “blows from”.

20%

Ranges of Wind speed (m/s)
Wind speed (m/s) rrtlgaz: 6.725014
std. dev.: 5.
; ? min: 0.000
max: 29.300
7- 9
9- 12
12- 15
15- Inf

20% 20%

20%

Figure3.2: Wind rose that summarises the wind climate at Baidrdead for the 2008 field
deployment period from 19 March to 04 August.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 9
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3.2 Tides

The tidal regime in Otago shelf waters is semi+ili(i.e., nominally two tides per
day) with tide cycles of approximately 12.4 hodrie fortnightly spring/neap cycle is
compounded by the monthly perigean-apogean tidéecyehich arises from the
Moon'’s elliptical, rather than circular, orbit armlithe Earth.

The sea-level time series from NIWA's gauge (s#@99) on Green Island (south of

Waldronville) for the field deployment are shownFigure 3.3 in a series of 4 plots,

one for each ADCP deployment period. The highedemievel was reached on 7

June, during a storm-tide event associated witararbetric pressure drop to 996 hPa
and SW winds of up to 20 m/s.

Tides recorded at the Spit Wharf Jetty from Mackiuly 2008 were used to drive the
Harbour model from an open-sea boundary to vehiéy model calibration based on
previous field programmes in 1988 and 1998 (Bedlle009).

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 10
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Figure3.3: Sea levels recorded by the Green Island gauge igptitthe 4 field deployment
periods.
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4.1 Temperature

Continuously logged temperature data were obtaitdde surface (under the surface
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buoy) and at mid-depth for the inshore B1 & B2 AD@Boring sites starting 21
April. Figure 4.1a shows the record, comparing thaface and mid-depth
measurements, with a vertical line to show whemtbering system was moved from

B1 (depth = 15.2 m) to B2 (depth = 15.3 m). Thddmttemperatures recorded by the

ADCP are shown in Figure 4.1b overlying the respiteviously shown in Figure 4.1a

for moorings at B1 and B2.

14

B1

B2

= - =
[EN N w

Temperature (deg C)
=
o

Iy
_MMM#‘

©

—— Surface
1] —— Mid-depth

[ee]

21-Apr
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19-May +
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i
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Figure4.la: Temperatures (°C) measured by HOBO Water Temperd®uo loggers (accuracy
+0.2°C) at the surface and mid-depth for the B1 mmgochanging to the B2 mooring

at 1200 hrs on 4-July.
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Temperatures (°C) measured by HOBO Water Temperdto loggers at the surface
and mid-depth for the B1 and B2 moorings (from Hdla) supplemented by the
ADCP temperature sensors at the seabed (15.2 m degdh) for deployment B1 /3
and later at B2 (15.3 m mean depth).

Temperatures at the surface and mid-depth (appt&m mean depth) followed a
very similar pattern, with only a small offset iamiperature, with the surface being
warmer than the mid-depth of the water column byaeerage of 0.1°C for mooring
B1 and an average offset of 0.08°C for the sh@Bmooring.

Figure 4.1b shows the additional ADCP temperataoends for B1 and B2 measured
near the seabed. At the seabed, the temperatuegadjgrfollows the trend measured
higher in the water column, but there are periodemwwinds transport slightly
warmer or cooler waters through the near-bed regid®l (Blueskin Bay). However
at B2 (Heyward Point) the entire water column wadl wiixed as shown on the right-
hand side of Fig. 4.1b, with the difference of @Xfom surface to seabed being less
than the accuracy of the temperature sensors @p.2°

The generally small difference in the mean tempeeatiown the water column means
the density stratification due to temperature i$/ oninor at the inshore sites with
generally well-mixed conditions occurring. This teah is punctuated by occurrences
of upwelling or downwelling at the seabed in BluasBay during strong south-
westerlies and north-easterlies respectively (seti@ 5).

Occasional peaks in the surface temperature recelaive to the mid-depth
temperature (e.g., at the start of the record @ &ila) occur during calmer, sunny
conditions when the surface layer heats up temibprhrring the day.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 13



J— NIWA -

Taihoro Nukurangi

Unfortunately, no temperature data were collectatieoffshore A1 mooring, except
for the 1-day CTD measurement on 27 May 2008. Hmperature-depth profiles

from the CTD for both the B1 and A1 moorings arepared in Figure 4.2. The total
difference between the surface and bottom is <®dt°site B1 and 0.15°C at site Al,
with most of the temperature difference occurringsite Al in the top 2 m. These
measurements confirm that temperature stratifinat®o not a significant factor to

incorporate into the modelling of currents in thel§ area off Otago Heads (would be
further out into the Southland Current) and alsorikkely to influence the dispersion
of dredged sediment plumes during the disposalepfgisen disposal from a dredge
hopper would take place several metres below tHas). However, a depth-layered
3-dimensional model was still used in the modellingestigations to incorporate

vertical effects of surface winds on currents (Belhl. 2009).

The waters further offshore on the shelf were warime 0.4-0.45°C in the CTD
profile (Figure 4.2) and match the pattern showthinsea-surface satellite composite
(Figure 4.3) that straddles the same period ateth@ of May. The decrease in
nearshore temperatures for this time of year afises the differential of the more
stable temperatures of Subtropical waters in thatffand Current on the mid-
continental shelf compared with the shallower neames waters, which cool more in
winter due to cooler river and air temperatures\daod versa in summer.

0 T T T T T

T

o
T

\
101 B A1/

201

25}

depth below the water surface [m]
o

30 1 L 1 Il
11 1.1 1.2 1.3 1.4 1.5 11.6

sea temperature [deg C]

Figure4.2: Temperature-depth profile measured at mooring 8lte¢inshore) and Al (offshore)
on 27-May-2008 between 1000 and 1040 hrs.
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- 25-28 May 2008 (NZLT) SST (°C)
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NIWA sea surface temperature (SST) map integrated 25 to 28 May 2008 from
NOAA satellite data, which coincides with the CTbofiling. The band of warmer
waters in the mid-continental shelf (red colouss)indicative of Subtropical Water
carried by the Southland Current. Mooring site timres A1 and B1 are annotated.

Salinity

Because the outflow from Otago Harbour and the tureBay area is not affected by
large river flows, inshore waters are unlikely tchidit any marked water density
stratification in salinity (or proportion of freslaer) with depth down the water
column. Salinity-depth profiles were obtained a¢ fihshore B1 and offshore Al
moorings during CTD casts on 27 May 2008. Figudeshows that at the inshore site,
salinity is uniform through the water column wittilé freshwater influence. Salinity
reduces offshore with a more pronounced offseteafly 0.3 between the surface and
the bottom, which indicates the residual influen€e¢he diluted Clutha River plume.
As with temperature, most of the offset of salinitigh depth occurs in the top 2—-3 m,
which is not likely to significantly influence thieydrodynamics in the inner-shelf
region, nor the dispersion of the discharged seditead from beneath a large dredge
vessel with a substantial draught.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 15
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Figure4.4: Salinity-depth profile measured at mooring sites (Bishore) and Al (offshore) on
27-May-2008 between 1000 and 1040 hrs. [Note: ifahie measured in terms of the
dimensionless Practical Salinity Scale or PSS].
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5. Main resultsfrom the ADCP moorings

51

511

The results from each ADCP deployment are showhignSection in the form of:

Time series plots (currents at various heightsobotemperature, depth).

Time series of wind velocities from Taiaroa Headdarrected for the
elevation of the weather station) to provide a @iswoss-comparison with the
measured currents and waves.

Scatter plots of current velocity componenigast-west component, with east
positive) andv (north-south component, with north positive), whighow the
overall distribution of current speeds in differélirections.

Progressive vector plots of the cumulative currerbcity run or net drift for
various elevations above the bed. These are iiicat the net direction of
suspended-sediment transport. While these plotsv ghe net drift over
several kilometres, they strictly only apply to emflows over the mooring
site, because currents change spatially as ditfeseafloor topography,
coastline shape or oceanic currents are encounferdeer “downstream”
from the mooring.

Time series plots of derived wave statistics, dbedrby the significant wave
heightHs (which is the average of the top 33% of wave hsigheasured in a
20-minute period), peak periol} in seconds (the averaged period between
successive wave crests for those waves with thé emesgy as determined by
the wave spectra), and peak wave direcgiwhich is the direction waves at
the peak period are coming from) in degrees fromeTorth.

Blueskin Bay (Site B1)

Two separate ADCP deployments were carried outitatBsl, with details of the
location and periods listed in Tables 2.1 to 2.2.

Deployment B1/1

The set of time series plots for currents from degmient B1 /1 from 18 March to 03
April are shown in Figure 5.1 for 3 vertical heiglabove the seabed (Bin #1 at 1.5 m,
Bin #8 at 8.5 m and Bin #12 at 12.5 m).

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 17
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25-Mar 27-Mar 29-Mar 31-Mar 02-Apr

23-Mar

19-Mar
Current speeds (blue lines, left-hand scales) @edtibns (red dots, right-hand scale)

at 3 different elevations above the bed for deplenyniB1 /1.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project

Figure5.1:



Near the seabed, the highest current speed of fd/48vas reached on 31 March,
following a 38-hour period of NE winds with speags to 10-11 m/s. Further up in
the water column (top plot; Fig. 5.1), there weleeé main events including the
aforementioned event, with a maximum current spdél26 m/s briefly reached late
on 03 April after a 30-hour period of strong SW dsrwith speeds up to 20 m/s.

Figure 5.2 shows the time series of water deptiveite ADCP sensor (add 0.4 m for
total water depth) and the near-bed sea temperfatudeployment B1 /1.
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Figure5.2:

Water depth (TOP) and near-bed sea temperature TB®) for deployment B1 /1.
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Winds that span the deployment period are shoviigare 5.3.
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Date, 2008

Figure5.3: Wind speed (m/s) and direction (in meteorologicahwention “blowing from”) at
Taiaroa Head for deployment 1, noting B1 /1 terr@daearlier on 4 April due to a
malfunction.

Based on a tidal analysis over the 16.5 day redbsl tides that could be resolved
only explain 16% of the variability in the curremtlocities. The main twice-daily
lunar tide (M) is quite small, peaking at 0.015 m/s along ars axiented NNE and
SSW. Wind is the dominant forcing for currents ilugskin Bay as described by the
results below.

The scatter plots of all velocities measured (peesive of time) for two vertical bins

near seabed and the upper water column are showigime 5.4 along with the

resulting principal component analysis. Each v&jors plotted according to its east-
west (horizontal axis) and north-south (verticalspxxomponents of velocity (m/s).

The majorprincipal axis (thick line in Figure 5.4) is thdemtation where the standard
deviation or variability of the currents is a maxim, and its length is +1 standard
deviation (Table 5.1). The perpendicular mimomcipal axis is marked by the thin
line based on the standard deviation listed in @&hl..

At both depths (Figure 5.4), the current velocitiesre distributed quite evenly in
different compass directions, but they have a jpaioorientation (major axis) in the
NE-SW direction that is influenced somewhat by weak tidal currents to and for
along a similar orientation. Current speeds areetomear the seabed (Bin #1), as
expected.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 20
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Blueskin Bay: B1, Depl #1 Bin No. 12
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Figure5.4: Scatter plots for currents at two bin heights frd@ployment B1 /1, based on the east-
west current component (x-axis) and the north-soutihent component (y-axis). The
thick line is the major principal axis, where thiarglard deviation is a maximum and
the thinner line is the minor principal axis—boitels span + 1 standard deviations in
m/s.
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Summary of principal component analysis for cugsehiring deployment B1 /1.

Bin No./depth Major axis orientation Major axis std. dev Minor axis std. dev.
(°True North) (m/s) (m/s)

12 (12.5 m) 52° +0.063 +0.051

8(8.5m) 35° +0.041 +0.038

1(1.5m) 44° +0.037 +0.031

Unlike the scatter plots, progressive-vector oftgrots show the time sequence of
currents. Figure 5.5 shows progressive vector g@tsleployment B1 /1 at three bin
heights in the water column. At all depths, the oreaiverage current drift was small
(<1 km/day) and the drift pattern involved a fewcaolar meanders. The main
difference was towards the end of the deploymerB @pril) when a NE drift
occurred nearer the surface caused by strong S\Wswire., down-wind drift) while
near the seabed (Bin #1), the drift during thisn¢weas to the SW—the classic case of
wind-driven upwelling onshore along the seabedrdua strong surface wind blowing
offshore. The net current drift velocities and direns are listed in Table 5.2, with the
drift directions and speeds showing the influerfcéne strong SW wind event.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 22
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Blueskin Bay: B1, Depl #1 Bin No. 12  Blueskin Bay: B1, Depl #1 Bin No. 8 Blueskin Bay: B1, Depl #1 Bin No. 1

29/03
N
23/0
[ e [ e
3 km 3 km

Figure5.5: Progressive current drift at 3 depths from ADCPlogment B1 /1 starting 1840 18-
Mar (yellow cross) through to 2340 04-Apr-2008 dtodf 16.5 days). Every second
day (0000 hrs) is marked by an asterisk and dareggtd in day/month format.

Tableb.2: Summary of the overall current drift during deplemhB1 /1 (16.5 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

12 (12.5 m) 0.0077 0.66 32°

8 (8.5 m) 0.0033 0.29 99°

1(1.5m) 0.0053 0.46 164°

51.2 Deployment B1/3

The set of time series plots for currents from degmlent B1 /3 from 31 May to 29
June are shown in Figure 5.6 for 3 vertical el@ratiabove the seabed (Bin #1 at 1.9
m, Bin #10 at 8.6 m and Bin #15 at 12.4 m). Natese bin heights are different than
the first deployment because a new ADCP was us#d different vertical bin sizes

(see Table 2.2).
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Blueskin Bay: B1, Depl #3 Bin No. 15 Mid-bin Ht. 12.36 m
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Current speeds (blue lines, left-hand scale) arettions (red dots, right-hand scale)

at 3 different elevations above the bed for depleynB1 /3.

Figure5.6:
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Near the seabed (Fig. 5.6), the highest currergdspef up to 0.16 m/s were reached
early on 9 June, when winds of up to 28 m/s hadvbldor 2 days from the SW.

Further up in the water column (12.4 m), the maxmeurrent speed reached 0.32
m/s for the same event.

Figure 5.7 shows the time series of water deptlvalite ADCP sensor (add 0.4 m for
total water depth) and the near-bed sea temperfatudeployment B1 /3.
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Figure5.7: Water depth (TOP) and near-bed sea temperature TB™) for deployment B1 /3.
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Winds that span the deployment period are shoviigare 5.8.
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Figure5.8: Wind speed (m/s) and direction (in meteorologicahwention “blowing from”) at
Taiaroa Head for deployment 3.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.9 with tbsulting principal component
analysis in Table 5.3.

At both depths (Figure 5.9), the currents wererithsted in a similar pattern to
deployment B1 /1 but with less scatter, especialyhe upper water column (Bin
#15). The preferred orientation (major axis) wasoaiore northerly than the first
deployment, lying in a NNE-SSW direction which etsame as the weak tidal
current orientation. Current speeds are lower tieaseabed (Bin #1), as expected.
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Blueskin Bay: B1, Depl #3 Bin No. 15
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Figure5.9: Scatter plots for currents at two bin heights frd@ployment B1 /3, based on the east-
west current component (x-axis) and the north-seuthent component (y-axis). The
thick line is the major principal axis, where thiarglard deviation is a maximum and
the thinner line is the minor principal axis—boifels span + 1 standard deviations in
m/s.
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Table5.3: Summary of principal component analysis for cusehiring deployment B1 /3.
Bin No./depth Major axis orientation Major axis std. dev Minor axis std. dev.
(°True North) (m/s) (m/s)
15 (12.4 m) 29° +0.051 +0.045
10 (8.6 m) 8° +0.041 +0.034
1(1.9m) 23° +0.037 +0.028

Figure 5.10 shows the progressive-vector plotsdieployment B1 /3 at three bin

heights in the water column. At all depths, therent drift was more consistently

towards the northerly quarter compared to the filgployment (Figure 5.5), with

much fewer meanders. This was mainly due to maequignt winds from the SW

(Figure 5.8) than in the first deployment when Niadg were more frequent (Figure
5.4). The highest drift currents occurred duringrés when SW winds exceeded 10
m/s—one event on 7-9 June and three events owavsliom 17-25 June. However,
the latter period was probably influenced more &ngér-scale shelf circulation as
local winds were low at times during the 17-25 Jpeeiod and also included a
strong, but brief interlude of NE winds on 18 Jwvtdch didn't alter the drift pattern.

The overall net current drift velocities and difeos are listed in Table 5.4.

Blueskin Bay: B1, Depl #3 Bin No. 15 Blueskin Bay: B1, Depl #3 Bin No. 10 Blueskin Bay: B1, Depl #3 Bin No. 1

23/06

Figure5.10: Progressive current drift at 3 depths from ADCPlogment B1 /3 starting 1600 31-
May (yellow cross) through to 1040 29-Jun-2008a(talf 28.78 days). Every second
day (0000 hrs) is marked by an asterisk and dareggtd in day/month format.
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Summary of the overall current drift during deplemhB1 /3 (28.78 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

15 (12.4 m) 0.020 1.72 349°

10 (8.6 m) 0.013 1.15 345°

1(1.9m) 0.011 0.94 17°

Potential offshore disposal area (Site Al)

Four consecutive ADCP deployments were carriedabite Al, 2.2 nautical miles

NE of Taiaroa Head and 1.4 nautical miles east aridfall Tower that marks the

approach channel. Details of the location and depémt periods are listed in Tables
2.1 to 2.2. Gaps of a few days occurred betweelogegnts while the ADCP was

downloaded and serviced on land and subsequeniieplyed when weather

conditions were suitable. Besides measurementsimérts, temperature and depth,
wave summary statistics were also extracted fdioal deployments.

Deployment A1/1

The set of time series plots for currents from dgpient Al /1 from 18 March to 21
April are shown in Figure 5.11 for three verticlations above the seabed (Bin #1
at 1.9 m, Bin #14 at 11.6 m and Bin #28 at 22.1 m).

Near the seabed (Bin #1), the highest current spé€d34 m/s was reached on 19
April, following a 40-hour period of strong W to SWinds with speeds up to 29 m/s.
Further up in the water column (top plot; Fig. §,lignoring the obvious single spike
early in the deployment, the maximum current sp&fed.56 m/s was reached on 30
March during NE winds with speeds up to 11 m/s.
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(1 Bap) Buipeay uopoaig

270

8
90

-

o

3
80

o

o 08

S o
g $9.0.9 B4R
Hoitors e &

o % olgdeg @ g
0@ o 0% BPogy, S o

am%onma 23

o

o o Safueh Bhe s
°% o

% & 80 0%
oo T bR 0 o

000 00 %0 0 ® 0% 200FPF D

o

0 04

o o

P00 B0 @ 0o

S

BBoow oo

o awow
o o o S0, 0 B

2°% ‘o o® Bo

® 00 BoooWay® o o Up

000 %

T 00 o

0@ ® @ 030® g0

o @
@

TTT 0T g §

006 %g F

o oo

g
o % ob G 00,
o g ° o%m%mﬁeﬂ%ﬁwﬁ 7

% 0 a8 2%
o ® o U g ongt® 2w @8

o o 00000

13-Apr

03-Apr

29-Mar

18-Apr-08

08-Apr

24-Mar

Disposal site option: A1, Depl #1 Bin No. 14 Mid-bin Ht. 11.61 m

[e]
~
N

(1 Bap) Buipeay uonoaliq

-

bo

(3
o

o
%0

[®oo

o

s
&
i
Ld
P
® 2
Se
b4

v
00 %

% o o &

0 © B98Pl o

w mPogade ® © 0 00 BFE

B2a%}@00, o, 00
1

0% 000 0

o o &

8 % o © oo

o 09 PuPSEsge

o 00 00 @ o

o0 o0 o

o

0 00 g903
© @g o

T 7T
° 90 o8 Tres
% w0 o 0 g s I o

900
%oogw%%% 00 0,
0% 0" 8 ‘o 00800000 o

B o ogiMhe% %o

o
0BPops omo® o° mmaaﬁwﬁ%%g&

o

o
° 0 0 0RO S49 G
POf 06900 c6 @9 o asoo

o
o,
® %00 0 @ & 00000POWOR0 O

°®

B YK

00 @00 00 PO

00
o

®90 oaufPode g

o ® 0 0® oo e 6BS 00 &

o BABEDT

ogpmp © 358080 %

o
@ ®0 P GO 008000 b o
° o

0% o

%

9 g9
o © o, QRO &, o
B0 0a 0@ o
oo %000 00

i @20

)
00

XY

00 © Rpap

89 P etBa0 go0° °°

.
06D,
L

© & o
o

©p 0

T
000,

0000 0 @ 0
o

W GBS oo §% © OO

00

3 T 89 %

29-Mar

o]

0.6

(sjw) yrooap

0 1
19-Mar

0.6

0
<
o

(sw

)

°
o

fyoojop

(o]
19-Mar

03-Apr

13-Apr 18-Apr-08

08-Apr

24-Mar

Disposal site option: A1, Depl #1 Bin No. 1 Mid-bin Ht. 1.86 m

(1 Bap) Buipeay uonaaing

o o (@]
© N~ <] o
™ N - o
ToTT T T3 0 G 370, Pmiezoos =
ST LR il e ove——
o o 0 00 —
o 20 ® o ® o Cam
o 13 0 05 0 Ban®,
oL 5000 0 © @ %fb Yoo’

o

o o0 ow 0% 990080 00
o P 0P o0 © o
000 006000 ™% 0000 0000 @ 00m o

o O ®p % 89090 o 00°
o

o
gyl

0 ®WRe
0 0gm00d0 © 00 °

00 "o

o
oweo s,
000 ol o @ osm o

0 0gPdy Fo DS

90 g
0 00000 Q®F

%o0® a0 o
o o

©® 0 Boxd a0’ s
00 © Bo0 ®

o
WO 0 @ @oPom 0 000 0 000 ® @

13-Apr

0.6

.
<
o 4 GaPadetlt o :
REEE TSI R Aot r i AGRA Q
o ™o © @© ° 1O
oo o B g auz,
e oo 000 denp® sowga e@&gﬁ” i = T
[02 @ o ° 08 o aombre @ gun e od Bbobs 13
RO 2
% %09 W0 000 w )
£wﬂ%§w oo Gomgosm o “ m
o a0
G o SRR I 0
0% @
0 00 O PR
I RIVER T L 5
Ip o000 0 @m0 © oo o oo 0080 T ]
P = 1
g =
PR
, © oo B %
[EoLTe oo o s
o sl
o0 Auggeg, STBE ¢
0 %8 R0 0 8xd 00 & oo 0?05 B B -
O o o e o e o IR, Sy =T g
L ) o 23,0 S 98 o° BHBR 0 = 12
0 ) v Og
< S < 2
. o : A\
o o

(swr) Ayrooja

18-Apr-08

08-Apr

Current speeds (blue lines, left-hand scale) arettions (red dots, right-hand scale)

at 3 different elevations above the bed for depleyt\l /1.

Figure5.11:

30

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project



J— NIWA -

Taihoro Nukurangi

Figure 5.12 shows the time series of water deptvalbhe ADCP sensor (add 0.4 m
for total water depth) and the near-bed sea terhperdor deployment Al /1.
Towards the end of the deployment, the rapid cgofiom upwelling can be seen
resulting from the strong SW event.

325 T

32 b
315 4

31

Total depth (m)
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|
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Temperature (deg C)
=
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19-Mar 24-Mar 29-Mar 03-Apr 08-Apr 13-Apr 18-Apr-08

Figure5.12: Water depth (TOP) and near-bed sea temperature TB®) for deployment Al /1.

Winds that span the deployment period are showrigare 5.13, with the strongest
event being the SW sequence on 18-19 April.
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Figure5.13: Wind speed (m/s) and direction (in meteorologicahwention “blowing from”) at
Taiaroa Head for deployment 1.

Based on a tidal analysis over the 33 day recam 8in #1 near the seabed, the tides
that could be resolved explain 25% of the varigpil the current velocities (14% in
the north-south component and 37% in the east-e@®iponent). The main twice-
daily lunar tide (M) current is modest, peaking at 0.05 m/s along>as ariented
WNW and ESE, which explains the higher percentagdaged by tides in the east-
west component. In Bin #14, the peak Burrent was higher at 0.06 m/s, but tides
explained less of the total variance (19%), witls tinend continuing further up the
water column. Overall, tides are a minor forcingdarrents at site Al.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.14 whih riesulting principal component
analysis in Table 5.5.

At both depths (Figure 5.14), the currents areriistied reasonably evenly in

different directions, but the larger currents havereferred orientation (major axis) in
the SE direction. As noted earlier, most of therenis to the east and west of the
origin of the major and minor axes in Figure 5.14 more influenced by the weak

tidal currents which flow to and fro along an eastt alignment. Current speeds are
lower near the seabed (Bin #1), as expected.
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Disposal site option: A1, Depl #1 Bin No. 28
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Figure5.14:  Scatter plots for currents at two bin heights frd@ployment Al /1, based on the east-
west current component (x-axis) and the north-soutihent component (y-axis). The
thick line is the major principal axis, where thiarglard deviation is a maximum and
the thinner line is the minor principal axis—boitels span + 1 standard deviations in
m/s.
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Summary of principal component analysis for cusehiring deployment Al /1.

Bin No./depth Major axis orientation

(°True North)

Major axis std. dev
(m/s)

Minor axis std. dev.
(m/s)

28 (22.1 m) 134° +0.136 +0.084
14 (11.6 m) 129° +0.110 +0.059
1(1.9m) 140° +0.077 +0.051

Figure 5.15 shows the progressive-vector plotsdigployment Al /1 at three bin
heights in the water column. At all depths, thereatr drift was consistently towards
the SSE, with only minor excursions in other di@t$ e.g., the sawtooth pattern at
times is due to the small tidal excursions. Neargdabed, the similar drift excursions
between time-stamps indicates the residual cutieenbnsistent—possibly due to a
headland eddy in conjunction with the Southlandré&ntr further offshore flowing
north. The net current drift velocities and direns are listed in Table 5.6.

—t
20 km

12004414104

18/04%¢ 50/04

—t
20 km T

—t
20 km

—>Z

Figure5.15:

Progressive current drift at 3 depths from ADCPlogmpent Al /1 starting 1710 18-
Mar (yellow cross) through to 1230 21-Apr-2008 gtodf 33.8 days). Every second
day (0000 hrs) is marked by an asterisk and dareggtd in day/month format.
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Summary of the overall current drift during deplemh Al /1 (33.8 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

28 (22.1 m) 0.094 8.14 159°

14 (11.6 m) 0.080 6.92 151°

1(1.9m) 0.053 4.59 161°

Wave statistics were also extracted from the 20uteirbursts every hour during
deployment Al /1 and are shown in Figure 5.16. Wiivection is expressed in the
same convention as winds—the direction from whielves arrive.

The highest significant wave height of 2.8 m wasched at 1600 h on 19 April 2008,
with peak spectral periods of 12-14 seconds (sveeliying from a SSE direction.
The local winds at Taiaroa Head preceding this peste strong south-westerlies.

Passages of NE winds cause a wind sea, evidenttfrerfower spectral peak period
(T, < 10 sec) and the spectral-peak wave directiam the NE quarter (Figure 5.16).
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Figure5.16: Wave statistics from deployment Al /1: (top) sigg@ht wave height (F; (middle)
spectral peak period {f (bottom) spectral peak wave directior,XD
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522 Deployment A1/2

The set of time series plots for currents from dgmlent Al /2 from 29 April to 26
May are shown in Figure 5.17 for three verticalat®ns above the seabed (Bin #1 at

1.9 m, Bin #14 at 11.6 m and Bin #28 at 22.1 m).

The highest current speeds occurred on 23 May,ingngom 0.28 m/s near the
seabed (Bin #1), to 0.46 m/s in Bin #28, followaglay of SSW to SW winds with

speeds up to 12 m/s.
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Figure 5.18 shows the time series of water deptivalbhe ADCP sensor (add 0.4 m
for total water depth) and the near-bed sea terperfor deployment Al /2. Water
temperature near the seabed progressively decreagadthis autumn period as
expected, but increased substantially on 20-21 Maging from downwelling
produced by strong NE winds up to 15 m/s.
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Figure5.18: Water depth (TOP) and near-bed sea temperature TB®1) for deployment Al /2.

Winds that span the deployment period are showrigare 5.19, with the strongest
wind speed of 20 m/s occurring on early on 1 Mayirdua sustained SW wind
sequence through to 4 May.
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Figure5.19: Wind speed (m/s) and direction (in meteorologicaihwention “blowing from”) at
Taiaroa Head for deployment 2.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.20 whih riesulting principal component
analysis in Table 5.7.

At both depths (Figure 5.20), the currents areribisted reasonably evenly in

different directions, but the larger currents havereferred orientation (major axis) in
the same SE direction as demonstrated in deployfinéFtie principal (major) current

directions and standard deviations listed in Té&bleare quite similar and consistent
with the results from deployment 1 (Table 5.5), avhsupports the existence of a
persistent eddy off the Otago Heads.
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Disposal site option: A1, Depl #2 Bin No. 28
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Figure5.20:  Scatter plots for currents at two bin heights frd@ployment Al /2, based on the east-
west current component (x-axis) and the north-seuthent component (y-axis). The
thick line is the major principal axis, where tharglard deviation is a maximum and
the thinner line is the minor principal axis—boitels span + 1 standard deviations in
m/s.
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Table5.7: Summary of principal component analysis for cusehiring deployment Al /2.
Bin No./depth Major axis orientation Major axis std. dev Minor axis std. dev.
(°True North) (m/s) (m/s)
28 (22.1 m) 136° +0.130 +0.077
14 (11.6 m) 133° +0.112 +0.059
1(1.9m) 141° +0.081 +0.058

Figure 5.21 shows the progressive-vector plotsdigployment Al /2 at three bin
heights in the water column. At all depths, therent drift was again consistently
towards the SSE, with only minor excursions in pttigections e.g., the sawtooth
pattern at times is due to the small tidal excursidNear the seabed, the similar drift
excursions between time-stamps indicates the ralsmurent is consistent. The net
current drift velocities and directions are listedTable 5.8. The net drift velocities
were considerably lower than the previous deployn(igable 5.6), but the mean drift
directions were very similar. These similaritiesl @onsistencies support the presence
of a headland eddy in conjunction with the Souttii@urrent flowing to the north.

Disposal Option: A1, Depl #2 Bin No. 28 Disposal Option: A1, Depl #2 Bin No. 14 Disposal Option: A1, Depl #2 Bin No. 1

—>
—>2

—_— —_—
20 km 20 km

Figure5.21: Progressive current drift at 3 depths from ADCPlogment Al /2 starting 0720 29-
April (yellow cross) through to 1600 26-May-20087(26 days). Every second day
(0000 hrs) is marked by an asterisk and date-stdrimpgay/month format.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 42



Table5.8:

_NIWA_—

Taihoro Nukurangi

Summary of the overall current drift during deplemh Al /2 (27.36 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

28 (22.1 m) 0.062 531 159°

14 (11.6 m) 0.051 4.40 150°

1(1.9m) 0.037 321 161°

Wave statistics were also extracted from the 2Quieirbursts every 2 hours during
deployment Al /2 and are shown in Figure 5.22. Wiivection is expressed in the
same convention as winds—the direction from whielves arrive from.

The highest significant wave height of 3.0 m weecheed at 1800 h on 22 May 2008,
with peak spectral periods of 11-12 seconds (sveelfiying from a SSE direction.
The local winds at Taiaroa Head preceding this pese moderate SSW winds.

A period of moderate NE winds from 18-21 May prcethi@ steadily rising wind sea
from spectral peak periods of 6 to 8 seconds (Ei§u2?2).
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Disposal site option: A1, Depl #2
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523 Deployment A1/3

The set of time series plots for currents from deplent Al /3 from 31 May to 29
June are shown in Figure 5.23 for three verticavaions above the seabed (Bin #1 at
1.9 m, Bin #14 at 11.6 m and Bin #28 at 22.1 m).

The highest current speed near the seabed (Bime#thed 0.36 m/s late on 9 June
following a period of strong WSW winds up to 28 niffie maximum current in Bin
#14 of 0.44 m/s occurred 15 hours later. In theeugpn (Bin #28), the maximum
current was measured on 18 June at 0.54 m/s,aft8hour period of winds from the
NNE up to 14 m/s.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 45



b ~LWA -

Taihoro Nukurangi

Disposal site option: A1, Depl #3 Bin No. 28 Mid-bin Ht. 22.11 m
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Figure 5.24 shows the time series of water deptivalbhe ADCP sensor (add 0.4 m
for total water depth) and the near-bed sea terperfor deployment Al /3. Water
temperature near the seabed oscillated mainly leett6-11°C, with rapid rises and
falls of around 0.7°C occurring during stronger egvagvents.
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Figure5.24: Water depth (TOP) and near-bed sea temperature TB®1) for deployment Al /3.
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Winds that span the deployment period are showrigare 5.25, with the strongest
wind speed of 28 m/s occurring on 8 June duringstesned WSW wind period.
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Figure5.25: Wind speed (m/s) and direction (in meteorologicahwention “blowing from”) at
Taiaroa Head for deployment 3.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.26 whih riesulting principal component
analysis in Table 5.9.

At both depths (Figure 5.26), the currents areribisted reasonably evenly in
different directions, but the larger currents havereferred orientation (major axis) in
the same SE direction as demonstrated in both gaelots 1 and 2. The principal
(major) current directions and standard deviatitsied in Table 5.9 are quite similar
and consistent with the results from deploymerasd 2 (Tables 5.5 & 5.7), although
the standard deviation of the currents was highéeployment 3.
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Disposal site option: A1, Depl #3 Bin No. 28
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Figure5.26:  Scatter plots for currents at two bin heights frd@ployment Al /3, based on the east-
west current component (x-axis) and the north-seuthent component (y-axis). The
thick line is the major principal axis, where tharglard deviation is a maximum and
the thinner line is the minor principal axis—boifels span + 1 standard deviations in
m/s.
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Tableb5.9: Summary of principal component analysis for cusehiring deployment Al /3.
Bin No./depth Major axis orientation Major axis std. dev Minor axis std.
(°True North) (m/s) dev. (m/s)
28 (22.1 m) 136° +0.152 +0.097
14 (11.6 m) 130° +0.129 +0.075
1(1.9m) 134° +0.093 +0.062

Figure 5.27 shows the progressive-vector plotsdigployment Al /3 at three bin
heights in the water column. At all depths, therenir drift was again consistently
towards the SE, with some minor meanders betwed® ddne (during the strong
WSW event; Figure 5.23) and 19-23 June (NE wind&chimg to WSW). There was
also a deviation to a more easterly orientationhi drift direction between 10-15
June, probably caused by the relaxation from angthSW event to a calmer period
(Figure 5.25). The net current drift velocities aficections are listed in Table 5.10.
The net drift velocities were somewhat higher tidaming the previous deployment
(Table 5.8), and the net drift direction swung rdwglightly more to the east to be
closer to a SE direction.

Disposal Option: A1, Depl #3 Bin No. 28
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Disposal Option: A1, Depl #3 Bin No. 14
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Figure5.27:  Progressive current drift at 3 depths from ADCPlogment Al /3 starting 1620 31-
May (yellow cross) through to 1400 29-Jun-2008 928days). Every second day
(0000 hrs) is marked by an asterisk and date-stdimpgay/month format.
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Table5.10:  Summary of the overall current drift during deplaamh Al /3 (28.9 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

28 (22.1 m) 0.060 5.14 145°

14 (11.6 m) 0.063 541 137°

1(1.9m) 0.047 4.05 149°

Wave statistics were also extracted from the 2Qaieirbursts every 2 hours during
deployment Al /3 and are shown in Figure 5.28. Wiivection is expressed in the
same convention as winds—the direction from whielveg arrive from.

The highest significant wave height of 2.9 m weecheed at 2200 h on 08 June 2008,
with peak spectral periods of 12—-14 seconds (sveeliying from a SSE direction.
The local winds at Taiaroa Head preceding this peste strong west to WSW winds.
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Disposal site option: A1, Depl #3
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Figure5.28: Wave statistics from deployment Al /3: (top) sigraht wave height (§f; (middle)
spectral peak period gF (bottom) spectral peak wave directiorn,XD
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524 Deployment A1/4

The set of time series plots for currents from degplent A1 /4 from 04 July to 04
Aug are shown in Figure 5.29 for three verticalat®ns above the seabed (Bin #1 at
1.9 m, Bin #14 at 11.6 m and Bin #28 at 22.1 m).

The highest current speed near the seabed (Bire#ithed 0.44 m/s at 1400 hours on
5 July, following a period of strong WSW winds up25 m/s. This was the highest
current speed measured in Bin #1 throughout ali fteployments. The maximum
current in Bin #14 of 0.60 m/s also occurred atghme time. In the upper bin (Bin
#28), the maximum current was measured on 25 July.8 m/s, after a 40-hour
period of winds from the south that locally peakaid 10-14 m/s, but offshore
southerly winds may have had a greater influencgheilf currents.
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Disposal site option: A1, Depl #4 Bin No. 28 Mid-bin Ht. 22.11 m
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Figure5.29: Current speeds (blue lines, left-hand scale) arettibns (red dots, right-hand scale)
at 3 different elevations above the bed for depleyti\l /4.
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Figure 5.30 shows the time series of water deptivalbhe ADCP sensor (add 0.4 m
for total water depth) and the near-bed sea terhperfor deployment Al /4. Water
temperature near the seabed oscillated substgretiveen 9-10.5°C, followed by a
steady decline from 24 July with the onset of thetlserly wind event.
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Figure5.30: Water depth (TOP) and near-bed sea temperature TB®1) for deployment Al /4.
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Winds that span the deployment period are showrigare 5.31, with the strongest
wind speed of 25 m/s occurring on 5 July during 8WWwind period.
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Figure5.31: Wind speed (m/s) and direction (in meteorologicaihwention “blowing from”) at
Taiaroa Head for deployment 4.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.32 with esulting principal component
analysis in Table 5.11.

At both depths (Figure 5.32), the currents areribisted reasonably evenly in

different directions, but the larger currents havareferred orientation (major axis) in
a SSE direction in Bin #28 and more to the soutr tlee seabed (Bin #1), which is a
slight change to the very consistent direction foe maximum current speeds
demonstrated in deployments 1 to 3. The principahj¢r) current directions and

standard deviations listed in Table 5.11 reveatdadion from the fairly consistent

pattern shown previously for the major-axis oriéintg which swung round more to a
north-south orientation, with a higher standardiatn for the currents in all vertical

bins than in the previous deployments.
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Figure5.32:  Scatter plots for currents at two bin heights frd@ployment Al /4, based on the east-
west current component (x-axis) and the north-soutihent component (y-axis). The
thick line is the major principal axis, where tharglard deviation is a maximum and
the thinner line is the minor principal axis—boaithels span + 1 standard deviations in

m/s.
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Summary of principal component analysis for cusehiring deployment Al /4.

Bin No./depth Minor axis std. dev.

(m/s)

Major axis orientation
(°True North)

Major axis std. dev
(m/s)

28 (22.1 m) 163° +0.194 +0.106
14 (11.6 m) 163° +0.157 +0.084
1(1.9m) 172° +0.118 +0.068

Unlike the scatter plots, progressive-vector oftgrots show the time sequence of
currents as shown in Figure 5.33 for deployment/Akt three bin heights in the
water column. At all depths, the current drift wamsistent, but more towards the
south compared with the previous three deploymentse deviation to a more
southerly drift was most noticeable in the perioairf 10-20 July (see Bin #1 plot in
Figure 5.33), which coincided with strong NNE windserspersed with calmer SW
breezes (Figure 5.31). There were occurrences oévarsal in the net drift,
particularly on 23-24 July and 31 July to 1 Augushich coincided with periods of
SE to south winds, with the drift to the south maoeencing with the onset of winds
from the SW quarter. This change in pattern of tl& current drift shows the
importance of the sequencing of winds from the SErgr or extended periods of
stronger NNE winds interspersed with calmer perieden if winds are light from the
SW quarter. Otherwise the prevailing current dmftmost cases is to the SE as
measured in the previous three deployments. Tlssltrdias implications for the
hydrodynamic and sediment modelling for a dispagalund offshore (Bell et al.
2009), with tides being negligible, the Southlandr@nt providing the regional
context for mean flows, and the winds being thedpn@inant cause of variability of
current drift in the area of Al.

The net current drift velocities and directions hséed in Table 5.12. The net drift
velocities were similar to deployment 3 (Table 5,18ut the mean drift directions
swung round more to the west to be closer to ehsolytdirection near the seabed.
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Figure5.33: Progressive current drift at 3 depths from ADCPlogment Al /4 starting 0950 4-Jul
(yellow cross) through to 1500 8-Jul-2008 (31.2¢s)aEvery second day (0000 hrs)
is marked by an asterisk and date-stamped in dagmformat.

Table5.12:  Summary of the overall current drift during deplaamh Al /4 (31.2 days).

Bin No./depth Net drift velocity Net drift velocity Mean drift direction
(m/s) (km/day) (°True North)

28 (22.1 m) 0.063 541 164°

14 (11.6 m) 0.065 5.58 161°

1(1.9m) 0.052 4.48 177°

Wave statistics were also extracted from the 2Qdteirbursts every 2 hours during
deployment Al /4 and are shown in Figure 5.34. Wiivection is expressed in the
same convention as winds—the direction from whielveg arrive from.

The three largest wave events of the entire fieldod were measured during thi8 4
deployment. The highest significant wave height.@fm was reached at 1800 h on 31
July 2008, with peak spectral periods of 11-13 sdso(swell) arriving from an
easterly direction. The local winds at Taiaroa Hpeateding this peak were from the
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SE. The second highest significant wave height ®fd was reached a week earlier at
0600 h on 24 July 2008, with peak spectral perimfds0—12 seconds (swell) arriving
from a SE direction, with local winds blowing frothe south. The third highest
significant wave height of 3.1 m was measured niearstart of the deployment at
0800 h on 5 July, with 10-12 second peak specaabgs and arriving from SSE.
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Figure5.34: Wave statistics from deployment Al /4: (top) sigg@ht wave height (F; (middle)
spectral peak period gF (bottom) spectral peak wave directiorn,XD
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53 Heyward Point (Site B2)

One ADCP deployment was carried out at site B2rafte ADCP mooring was
moved from B1 to obtain current velocity and wawadinshore near the existing
disposal grounds used for maintenance dredgincuiBeaif the location and periods
listed in Tables 2.1 to 2.2. There was a malfumctbthe ADCP for several hours on
15 July before recording started again resulting giort gap in the middle of the data
record.

531 Deployment B2/1

The set of time series plots for currents from dgpient B2 /1 from 04 July to 04
August are shown in Figure 5.35 for 3 vertical atéans above the seabed (Bin #1 at
1.9 m, Bin #10 at 8.6 m and Bin #15 at 12.4 m).

A high current speed occurred at 1830 h on 31 dabgching 1.0 m/s near the seabed
(Bin #1) and 1.1 m/s in Bin #15. These high cusenshore off Heyward Point were
caused by a period of initially easterly winds thathed to SE winds, with wind
speeds up to 15 m/s locally (Taiaroa Head). Thaswgdhore-orientated SE wind
generated these high currents downwind paralléidccoast towards Blueskin Bay in
a direction 293° True North at all depth levelswdwger, most of the time the currents
near the seabed (Bin #1) were less than 0.3 mé#st &pm two brief episodes on 24
and 25 July (Figure 5.35) with currents peakind& and 0.59 m/s, respectively,
during southerly winds.
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Current speeds (blue lines, left-hand scale) arettions (red dots, right-hand scale)

at 3 different elevations above the bed for deplenyniB2 /1.

Figure5.35:
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Figure 5.36 shows the time series of water deptivalbhe ADCP sensor (add 0.4 m
for total water depth) and the near-bed sea teryerfor deployment B2 /1. Water
temperature near the seabed oscillated up and dovan similar manner to the
concurrent offshore mooring site at Al (Figure %.@@h a similar steady decline
from the 24 July with the onset of the south to \8Bd episode. As expected in
winter, sea temperatures were cooler inshore—is tlise B2 was approximately
0.2°C cooler than the deeper offshore Al deployment
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Figure5.36: Water depth (TOP) and near-bed sea temperature TB®) for deployment B2 /1.
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Winds that span the deployment period are showrigare 5.37, with the strongest
wind speed of 25 m/s occurring on 5 July during 8WWwind period.
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Figure5.37: Wind speed (m/s) and direction (in meteorologicaihwention “blowing from”) at
Taiaroa Head for deployment B2 /1.

Based on a tidal analysis of currents near theeské®in #1) over the 1-month record,
the tidal currents that could be resolved only axph small 5% of the variability in
the current velocities off Heyward Point. Normaltiis percentage would be
somewhat higher, but for this deployment the curvaniability was dominated by the
SE wind event of 31 July. The main twice-daily lutide (M,) is quite small, peaking
at 0.025 m/s (compared to an even smaller 0.015t#4 in Blueskin Bay) along an
axis oriented ENE-WSW (57-237° True North). In Bit6 (12.4 m above seabed),
the peak Mtidal current was higher at 0.033 m/s, with tidgplaining only 3% of the
total variability. So wind is the dominant forcifay currents off Heyward Point, even
though it is close to Otago Harbour entrance.

The scatter plots of all velocities measured foo tvertical bins (near seabed and
upper water column) are shown in Figure 5.38 alwitlp the resulting principal
component analysis. Each velocity is plotted adogrdo its east-west (horizontal
axis) and north-south (vertical axis) componentspded (m/s). The majarincipal
axis (thick line in Figure 5.38) is the orientatiovhere the standard deviation or
variability of the currents is a maximum, and éadth is +1 standard deviation (Table
5.13). The perpendicular mingrincipal axis is marked by the thin line basedttos
standard deviation listed in Table 5.13.

Offshore ADCP deployments (Otago Peninsula) fot Béago dredging project 66



Figure5.38:

—NIWA_—

Taihoro Nukurangi

At both depths (Figure 5.38), the currents are Iypasstributed in an elliptical pattern
in a preferred orientation of SE/NW but the largelocities in the NW direction were
recorded during the SE and S wind episodes. Timeipal (major) current directions
and standard deviations listed in Table 5.13 reweabnsistent pattern with depth,

with decreasing standard deviation in current speggroaching the seabed.

Northerly velocity component (m/s)
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Scatter plots for currents at two bin heights frdeployment B2 /1, based on the east-
west current component (x-axis) and the north-seuthent component (y-axis). The

thick line is the major principal axis, where tharglard deviation is a maximum and

thinner line is minor principal axis—both lines spal standard deviations in m/s.
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Summary of principal component analysis for cusehiring deployment Al /4.

Bin No./depth Major axis orientation Major axis std. dev Minor axis std. dev.

(°True North) (m/s) (m/s)
15 (12.4 m) 108° +0.15 +0.082
10 (8.6 m) 109° +0.14 +0.067
1(1.9m) 116° +0.11 +0.056

Figures 5.39a-b show the progressive-vector plmtsiéployment B2 /1 at three bin
heights in the water column. The drift plots aretigld separately for the first and
second part of the deployment due to a break atyngalay in the record arising from
an ADCP malfunction. For the first part of the dsphent (Figure 5.39a) covering
10.5 days (4—14 July), the drift pattern to thet éasards the outer approach channel
was quite similar throughout the water column, with expected lower drift velocity
near the seabed. The greatest current drift oatwne5—7 July during an extended
SW wind episode with wind speeds up to 25 m/s nptie water over site B2 to the
east.

For the second part of the deployment (Figure 5.88lering a longer 19.8 days (15
July to 4 August), the drift pattern was to the NEa series of four to-and-fro
movements in an ESE then NW direction. This patbam be explained by the winds.
The east to ESE drift occurred during either SWN& winds, which along with
Figure 5.39a suggests this is the prevailing ctirdeift direction at B2. The switch to
the alternate current drift direction to the NW€l23 to 27 July and 31 July to 1 Aug)
coincided with a switch to winds from the souttsté direction.

The net current drift velocities and directions tbe combinedrift plots in Figure
5.39a and b are listed in Table 5.14. The net defbcity near the seabed was
approximately 1 km/day, and the prevailing curréntt direction was to the ENE.
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Heyward Point: B2, Depl #1a Bin No. 15

N
Tkm'
Heyward Point: B2, Depl #1a Bin No. 10
N
Heyward Point: B2, Depl #1a Bin No. 1
N

Figure5.39a: Progressive current drift at 3 depths from tiepart of ADCP deployment B2 /1
starting 1020 4-July (yellow cross) through to 23¥3Jul-2008 (10.53 days). Every
second day (0000 hrs) is marked by an asterisldatedstamped in day/month format.
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Heyward Point: B2, Depl #1b Bin No. 15

—_— 2

Heyward Point: B2, Depl #1b Bin No. 10

—> 2

Heyward Point: B2, Depl #1b Bin No. 1

—> 2

30/07

24/07

4 km

Figure5.39b: Progressive current drift at 3 depths from tf& gart of ADCP deployment B2 /1
starting 1900 15-July (yellow cross) through to @35Aug-2008 (19.82 days). Every
second day (0000 hrs) is marked by an asterisldatedstamped in day/month format.
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Summary of the overall current drift during deplamh B2 /1, which combines the
weighted drift excursions from Figures 5.35a an8bb. (total of 30.36 days) and
excludes the gap of nearly 1-day in the middlehaf deployment arising from an
ADCP malfunction.

Bin No./depth Net drift velocity Net drift velocity Mean drift direction

(m/s) (km/day) (°True North)
28 (22.1 m) 0.029 2.48 69°
14 (11.6 m) 0.019 1.68 76°
1(1.9m) 0.012 1.05 75°

Wave statistics were also extracted from the 2Qdteirbursts every 2 hours during
deployment B2 /1 and are shown in Figure 5.40 aleitiy the wave statistics from the
concurrent deployment at Al (also plotted separateFigure 5.34). Wave direction
Is expressed in the same convention as winds—teetdin from which waves arrive
from.

The main features arising from this comparison are:

* The significant wave height is substantially loviiaither inshore at site B2 as
expected, due mainly to sheltering by the OtagoddebBlowever, the highest
wave event on 31 July with waves arriving direadlyshore from the east
shows the reduction in peak wave height was onl9 1@.0 m at B2
compared to 4.7 m at Al). In contrast, the waveewabstantially dampened
at site B2 during the other large wave event ol because of sheltering
by the Heads.

« The peak spectral periods were similar for mosthef deployment, except
during some occasions when a mixed sea was prageai the wave period
dropped at B2 as the swell was reduced by theeshwjteffect of the Heads.

« At B2, the spectral peak wave direction was in aimoarrower band of 60—
100° true North, compared to the open offshoreatit®l. This feature arises
from the refraction of waves from both the southd arorth into a more
onshore-directed wave train closer to the coast.
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Heyward Pt: B2 /1 and Disposal site: A1 /4
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Figure5.40: Wave statistics from both deployment B2 /1 (bluegl éhe offshore mooring Al /4:
(black) for: (top) significant wave height {iH (middle) spectral peak period JT
(bottom) spectral peak wave direction,D
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6. Summary

A full set of current and wave measurements has bb&ined at a potential dredged-
material disposal site at A1 (4 km northeast ofaf@ Head) over a 4-month period
from March to July 2008 (excluding gaps betweerpl@gnents). For all but one of

these deployments, a concurrent ADCP mooring s#ée also occupied at either B1
(Blueskin Bay) or B2 (Heyward Point). Inshore, waveere only measured at B2, due
to a malfunction in the ADCP at site B1.

This report presents a detailed synthesis of #ld fneasurements and draws out the
key oceanographic and meteorological factors thala@ the variability and extremes
in the ADCP datasets.

The current velocity measurements provide a usdhihset in their own right,
showing the prevailing patterns of coastal andfstigtulation in the area of Otago
Heads. Tidal currents at all three ADCP sites veesenall proportion of the measured
currents. At Al, the prevailing current drift in siccases is to the SE, with a slight
deviation to the south in the last deployment (R@008). This prevailing current drift
is altered at times when moderate to strong sautBB winds reverse the drift, but
otherwise the more frequent winds from the SW afddiadrants appear to sustain
the south-easterly drift. Sometimes winds from aamortherly direction deviate this
current drift slightly more towards the south at Al

These results have implications for the hydrodymaand sediment modelling for a
disposal ground offshore (Bell et al. 2009), wiithat currents being negligible, the

Southland Current providing the regional contexttfee net (mean) flows, including

the possibility of an eddy off Otago Heads, andwirals being the predominant cause
of variability of current drift in the area of Al.

In Blueskin Bay (B1), the net current drift wastgwariable. For the first deployment
in March/April 2008, the current drift exhibitedost cyclic meanders at the seabed
arising from a succession of alternating NE and 8Wds. This contrasts with the

June 2008 deployment, where the current drift wasenctonsistently towards the

northerly quarter, due to more frequent and stromgeds from the SW and weaker

less frequent winds from the NE.

Off Heyward Point (B2), the net current drift isngeally eastwards at 1 km/day near
the seabed. In a similar manner to site Al, scutBE winds can reverse the net drift
at B2 to be in a more NW direction towards Bluedkiy.
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The current velocity measurements at various dgpttiéde a reliable and consistent
dataset for use in hydrodynamic, sediment-plumesadiment-transport models used
to assess environmental effects in Bell et al. 8200

Logged temperatures and some salinity-depth pmgfilndicated that weak density
stratification can be present at times e.g., hgatinsurface waters in autumn and a
small signature of reduced surface salinities (pbbp from the Clutha River).
However, it was mainly confined to the top few rastiof the water column, and is
unlikely to affect the dispersal of dredged mategdeased at the disposal site from a
dredger with a draught of several metres. Temperaneasurements were also used
to bracket winter and late-summer estimates ofirggtvelocity for sediment grains,
with settling slightly slower in colder temperatsire

The three highest wave events for the field seasbroccurred during the last
deployment. The highest significant wave heigh4.@fm was reached at 1800 h on 31
July 2008, with peak spectral periods of 11-13 wdso(swell) arriving from an
easterly direction. Local winds at Taiaroa Heacdcpding this wave peak were from
the SE. The second highest significant wave heij4.5 m was reached a week
earlier at 0600 h on 24 July 2008, with peak spégteriods of 10-12 seconds (swell)
arriving from a SE direction, with local winds blmg from the south.

Wave statistics measured at Al provide an essetdiaset to verify wave models,
which subsequently are required as input to sedirtransport models. The wave
information also provides a future resource foifyerg any future wave forecasting
system for the port operations.

Overall, these field datasets provide a coherectupg of the prevailing currents,
waves and their variability in response to windcfiog on the inner shelf off Otago
Heads. The extension of the field programme touatfiodeployment was worthwhile,
capturing the three largest wave events for thigeefield programme, and providing
useful insights on the current drift at A1 wherr@gfuent winds blow from the SE.
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