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Abstract

Buoyancy differences between two water bodies can often dominate flows such as
stormwater discharge or river plumes in the coastal environment. The buoyancy
difference usually arises due tofdifences in salinity, temperature and suspended
solids. These flows form plumes or 06gr a\
pollutants and nutrients around in the receiving water bdtig. plume consists of

a bulbous head, a mixing region on the tilgd billows behind the head. The form

of the head and the plume water properties dictate what kinds of instabilities
develop, which in turn influence the degree and manner of mixing that occurs.
Additionally, the mixing depends on the local hydrodynamitshe receiving

water body.

| report observations of the dynamics of a stormwatetoftiplume in a strongly

tidal estuary, with particular emphasis on investigation of dispersion and dilution
processes. The field site for my thesis research is theebantlosed basin of
Tauranga Harbour adjacent to the Port of Tauranga wharf in Mount Maunganui.
The Port of Tauranga is the largest timber export port in New Zealand. The area
has about 20 storm water runoff pipes that discharge into the main tidal kcbanne

the estuary. The log handling produces bark leachates and resin acids, which get
discharged during and after rain events. The leachate is responsible for a serious
discolouration of the water.

Several surveys were undertaken during rain events tosureaplume
characteristics and these are compared with a similar undertaken during dry
conditions. Based on these measurements and visual observations, the plume was
estimated to disperse within around four hours as the freshwater was dispersed
into a reldively strong tidal flow (maximum speeds @f7 m/s).Acoustic Doppler
Current Profiler data and conductivitgmperaturelepth data indicated that the
maximum acrosshannel extent of the plume was around 120 m and the
maximum along channel extent warsund 200 m(for the conditions observed).

The plume stability decreases with distance from the source. The plume can be
classified as a free buoyant jet or upstream intruding plume.

This study will provide inputs into the toxicity assessment of the stonofffu

which will be investigated in a separate project using caged arrays of filter



feeding bivalves to determine tlkemulativeeffects of resin acids and leachates

on mussels.
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Chapter One

Introduction

1.1 Background

The Port of Tauranga hadarge timber export area. This timber export produces

a stronglydiscoloured discharge plume into the harbour during rain events. To
comply with resource consent the Port has to monitor the discharge. As the
discharge is known to contain resin acids a toxicology study and a dispersion
study had to be committed to invgstte whether the discharge is toxic to the
marine environment and where it ends up. This study investigates the discharge

plume behaviour and dynamics.

1.2 Pollution

Pollution can be defined as a deviation from the natural state, which means the
presence ofmatter or energy in a place where it is not common or is unintended
(Yapp & Ygop, 1972. This kind of pollution is a widespread problem, especially

in coastal areas, which are increasingly stressed by growing populations and
anthropogenic activities. Such contamination in the marine environment is
therefore of growing concefMatranga &Yokota, 2008.

With the development of new techniques in assessing chemicals, new
contaminants are found regularly. These contaminants often have unknown effects
on marine life. In New Zealand estuaries pollution can pose a significant health
risk for gathering seafood. Pollution can be subjective; we note that the
assessment of what is perceived by the public as pollution might actually be
natur al variation. An exampl e of natur al
naturally occurring algal bloomthat make the water appear red or brown. The
other extreme is also possible; a water body can be extremely polluted without
appearing so to the naked eye. Pollution is not always obvious which makes it
necessary to analyse the environment carefully. dieraoio assess pollutant levels

a threshold has to be established to determine the baseline and range of variability.



In water research this means water samples have to be collected and analysed
(Miller & Spoolman, 201}

In water bodies the presence of suspended particles can affecaribertrand
sequestration of contaminants. Transfer usually depends on size distribution and
settling velocity of the particles while sequestration draws mainly on the
physiochemical and biological processes that affect the suspended particles which
in turn affect settling velocity and distribution. These physiochemical and
biological processes are-sespension, coagulation, deposition, fragmentation,
mineralization, repackaging, and production. Coagulation might play an important
role as it impacts on péate size directly and on settling velocity indirectly by

increasing volume concentratiphhn, 2012 Miller & Spoolman, 201).

1.3 Plumes

Buoyancy differences between two water bodies can often dominate flows such as
stormwater discharge or river plumes in the coastal environment. The buoyancy
difference usually arises due to differences in salinity, temperature anchdedpe
solids (Joneset al, 2007%. These fl ows form pl umes
can also transport pollutants and nutrients around in the receiving water body. The
plume consists of a bulbous head, a mixing region on the tail, and billows behind
the head. The form of the head and the plume water properties dictate what kind
of instabilties develop, which in turn influence the degree and manner of mixing
that occurs. Additionally, the mixing depends on the local hydrodynamics of the
receiving water bod{Simpson, 199 Crosssectional anghlan views of a typical
plume are given ifrigurel.1. Joneset al. (2007); Nash andidka (1996 describe

the structure of a buoyant surface discharge into steady ambient conditions by
kinematic buoyancy fluxespd momentum fluxes ) into a steady receiving
environment with a water depth H and veloaity With these parameters length
scales ly (transition distance) and time scaleg {development time) can be
calculated. Additionally, 4 provides a maximum jet.ax depth which can be
used to determine if bottom interaction takes place. To measure deflection of the

jet, L, or the jetto-crossflow length scale can be calculated.
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Figure 1.1: Schematic view (plan and cressctional) of a buoyant discharge into a
steady ambient conditions. Soulddash & Jirka, 1996

In the coastal environment the ambient conditions are hardly ever steady due to
tides. Therefore the model had to be adapted to different rates of flow reversal,
duy(t)/dt which resultsn new length and time scaleg and T,. The relationships
between the different parameters show that for most of the tidal cycle the ambient
velocity is negligible for the buoyancy discharge. At slack tide however the tidal
velocities become the dominanifluence on the length scal®ash & Jirka,
1996.

According toJoneset al. (2007 plumes can be categorized into four main flow
regimes Figurel.2). These categories are free jet, shoredittacted jet, wall jet,

and upstream intruding plume. These jets can be characterized by several
parameters such as discharge fluxes for volumeb@yancy ¢ momentum |,
discharge velocity b)) and dens i ¢ Whe redeiving evates lmodyenas @)
water depth H and ambient flow velocity,. With these parameters discharge
length scale &, jetto-plume length scale, jetto-crossflow length scale ,

and plumeto-crossflow length scale |.can be defined. ¢ describes the region
where the flow is estaished and has a significant role in surface jetg. L
describes the region in which the plume spreading is controlled by momentum. L
gives the point at which the flow becomes strongly influenced by the ambient
crossflow. L, determines the distance a sigon buoyant jet may intrude an

ambient current.
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Figure 1.2: Modelled plumes, images obtained from laseluced fluorescence (LIF),
measured in large modelling basins. Dimensions are all in cm. The fajor flow
categories of buoyant surface discharges are, (a) Buoyancy dominated free jet into deep
ambient watersL(=2.5 cm,L,=30 cm,L,=170 cm,Ly =14 cm,H=10 cm); (b) Shoreline
attached jet into deep ambient watdrg=2.5 cm,L,=9.2 cm,L,=1.4 cm,Ly=23 cm,H

=10 cm); (c) Wall jet into shallow ambient watet$$2.5 cm,L,=11 cm,L,=3.5 cm,

Lw=20 cm,H=4 cm); and (d) Upstream intruding plume into deep ambient waters:
(Lo=2.5 cm,L=5.7 cm,L,=64 cm,Ly=1.7 cm,H=10 cm). Adapted from Nash and Jirka
(19%), taken frondoneset al. (2007).

1.3.1 Origins

Freshwater plumes in coastalvedonments usually originate from rivers, sewer
out falls and stormwater ruwif. Stormwater ruroff has become a major source
for water pollution(Lee et al, 2007. The increase in impervious surfacesg(

roads, buildings) due to increases in infrastructure means the problem is growing



(Lee et al, 200%. Many local authorities now require stormwater monitoring in

order to obtain consent.

The problem Bs grown such that it has become necessary to implement
stormwateimonitoring programs. According toee et al. (2007 regions with a

di stinct dry season show atphémrormemomnda

wet season, typically occurs after large rainwater events.

1.4 Tannins and resin acic

Tannins and resin acids are molecules that can be found in plants, especially in the

bark of trees. These molecules can be washed out and themp endhe storm

water. Tannins, when in large enough concentration, discolour the water. This
staining usually takes the form of a bro
Tauranga with a considerable aesthetic problBiam et al. (1994 found that the

o0yel | ow s udntsatioasnncthe gtormveateraunoff from the port are high.

This o6yell ow substanced is partly respon:
Resin acids are environmentally persistent and accumulate in the sediments of
receiving watergTian et al, 1998. According toTian (1993 the storm water

runoff from the log hadling area at the Port of Tauranga has a similar chemical
composition to the effluents of pulp and paper millgerms of containing the

same fatty and resin acids

1.5 Study aim and objective

For my thesis, | will use field observations to characterizestiien water runoff
plume in Tauranga Harbour under present log handling and harbour conditions,
with particular emphasis on investigation of dispersion and dilution processes.
The data will allow determination of mixing length scales and the maximum
plume extension. A related project (conducted by fellow MSc student David
Culliford) will undertake a toxicity assessment of the storm runoff using caged
arrays of filterfeeding bivalves, as currently the effects of resin acids and
leachates on mussels argkoown.

Finally, the overarching aim is to explore linkages between the responses of the
biota and the physical forcing conditions of the plume. In particular we will
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examine the dependence of accumulation rate of toxins on distance from source

and depthwithin the water column. This analysis should also indicate any

potential hot spots of pollutants and possible effects of future storm events. The

combination of both projects will not be included in this thesis owing to

differential start dates so here ¥oeus purely on the plume dynamics.

1.6 Thesis outline

In order to achieve the study aims and objectives this thesis is organised in the

following way.

1

Chapter One

Chapter One gives a brief description and background information on what
the thesis is about.

Chapter Two

A description and history of the study site.

Chapter Three

A literature review on work done previously in Tauranga Harbour.

Chapter Four

Description of field deployment and field work sgd.

Chapter Five

Results presentation, data analysis, plndhe parameter calculations.
Chapter Six

Discussion of findings and encountered problems as well as indication of

future work

1.7 Summary

T

Pollution can be defined as a deviation from the natural state by
anthropogenic means.

Plumes are buoyancy driven curt®nthat occur in the estuarine
environment. The buoyancy difference can be driven by several factors.
The origins of plumes are usually freshwater input into the marine or

estuarine environment.



I Tannins and resin acids are leftover products in waste fiarher

operations such as timber handling for export or paper mills.



Chapter Two
Study Site

2.1 Tauranga Harbour

2.1.1 Geology

Tauranga Harbour is a barrier enclosed estuary on the-eastern coast on the
North Island of New Zealandrigure 2.1, left panel). The barrier comprises two
tombolos and a 24 km long sand barrier as seen in the right pafiguoé 2.1.

Both tombolos are of volcanic origin and the sand barrier consists of Holocene
beach ridgegDaviesColley & Healy, 1978aDavis & Healy, 1993de Lange,
1988. The bathymetry within the harbour is such that the northern and southern
part of the lagoon can be viewed and treated as two separate basins as there is
little to no water exchanged between thépierset al, 2009 Tay et al, 2013.

The large tidal flat areas (41 Kjrin the harbour are exposed during low tide. The
harbour has a spring tidal range of Rdeath, 197% The main freshwater input

for the harbour is the Wairoa river which has a meaw Bf 17.6 ni/s (Tayet al,

2013. The harbour entrance is interrupted by an ebb tidal (feliee, 1963 with

a deep dredge channel to facilitate shipping. The mainioadldelta in the inlet

is known as the Centre Bank. Theain tidal flow goes through the western
channel and the Maunganui channel. Centre Bank was dredged to create an
artificial channel (Cutter Channel) to facilitate better shipping to and from the Port
(DaviesColley & Healy, 1978p The harbour sediments contain mainly sandy
mud and shellinglis et al,, 2008§.

2.1.2 Hydrodynamics

The hydrodynamics in the harbour area are predominantly forced by tidal currents
and wind wavegDaviesColley & Healy, 1978awith smaller influences from

tidal wave surge, baroclinic circulation and seiching. Accordingtdegeret al,

1969 a tidal wave surge is when a part of the oceanic tidal wave transmissions

into a lagoon. In the case of Tauranga Harbour it causes a delay of high water and



peak current times. Baroclinic circulation is observed after heavy rain events. At
these times the nomtly low freshwater content is increased and weak salinity

density currents appeéDaviesColley & Healy, 1978p

2.1.3 Tide

According toTay et al. (2013 the tide constituent that dominates the tide in
Tauranga harbousithe M2 with a height of 0.66m. Constituents S2, N2, and K1
together contribute about 0.07 m of tidal amplitude and the O2 constituent O2
contributes a further 0.015m. Due to the entrance constriction the M2 amplitude
attenuates by 4% over the 500m of émerance. At Omokoroa Point a strong-€bb
dominance can be observed while fledmminance prevails in the Lower Western
Channel and Entrance. Behind Mount Maunganui and west of the flood tide delta
there are backddies. The harbour near mouth and westbannel is relatively

well flushed with an average residence time of 2 to 4 days. Although storms can
reduce this residence time considerably by39% depending on seas@hay et

al., 2013.

2.1.4 Stormwater runoff plume

The log handling area produces ab@500 mha’a® of runoff water(Tian, 1997

which discharges into the main tidal am&l of the estuary via ~20 storm water
runoff pipes Figure2.2). The log handling produces significant amounts of bark
leachates and resin acids, which get discharged during and after rain events. This
leachate mixture consistrainly of suspended solids, floating solids, and fatty
and resin acids. The leachate is responsible for a serious discolouration of the
water (Tian, 1997). The plume can be easily identified in the field by the water
colour and floating particles-{gure2.4).

According to(Tian, 1993 the ruroff is similar to pulp and paper mill effluent but

the chlorinated compounds are absent. Conventional treatments would be able to
remove resin acids effectively. The impact of the resin acids is limited to about
100 m from discharge poiftian, 1997.

The freshwater plume from the log handling areas of the Port of Tauranga enters
the harbou at Stella Passageriure 2.3). The hydrodynamics of the area
generally force shoreline attached plumes. Furthermore, depending on the timing



of the discharge in relation to the tidal cycle, the plume may undergo flow
reversalwhich can complicate the flow dynamics and impact on where the runoff
water ends ugJoneset al, 2007 Nash & Jrka, 199§. The natural salinity
stratification in Stella Passage depends on the weather. Wind drag and pressure
gradient have the greatest influence on the plume during flood tide. The plume
typically remains within the top 2 to 3 meters of the watduran. (Tian, 1997.

Of social concern is the possibility that the plume may advetiagd/Nhareroa
Marae Figure 2.3), however,Tian (1997 concluded that this advection was an
unlikely scenario because the plume dispersion and mixing is efficient enough for

the plume to be dispersed before it would ever reach the Marae.

2.1.5 Sediments

The sediment sources for Tauranga Harbour are the freshstegams and the

inner shelf. The sediments from the freshwater streams are fine grained sediments
(muds) from the catchmen{Boulay, 2012. The sediment from the inner shelf is
typically delivered by littoral drift and tidal currents. These marine sediments
consist mainly of sand®avis & Healy, 199R The average shell content in the
harbour sediment is 30%, however can reach up to 90% in the channel. Mud

content hroughout the harbour is relatively low at 1(B&voll, 2010).

2.1.6 Wind and waves

The prevailing wind direction the Bay of Plenty is from the west through to
southwest. The harbour is sheltered from these winds by the Katamiaku
Range(Kwoll, 2010). Therefore the maximum wind speeds are (o Lange,
1988. In summer cyclones occur occasionally. As these cyclones undergo
formation over the warm waters in the tropics (north) they can bring fast winds,
large amounts of rain, and stororges to the Bay of Plenfde Lange, 1988

The Bay of Plenty wave climate is a low energy wave climate compared to the
rest of New Zealand. Wave periods;)(Typically are between 7 9 s, with
significant wave heights (H ranging from 0.7 m to 1.5nde Lange, 1988
According to Kwoll (2010) the dominant wave directions are from north to north
east. The offshore mean Hs is 0.Ge Lange & Healy, 1990
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Figure 2.1: Left panel shows New Zealand and the approximate study site location in

grey. Right panel shows Tauranga Harbour with Matakana Island (image credit: Google
Earth).

2.2 Field Site

The field site for my thesis research isdted in the southern basin of Tauranga
Harbour, adjacent to the Port of Tauranga wharf in Mount Maunganui on Stella

PassageHigure2.3).

2.2.1 Port of Tauranga

The Port of Tauranga is the largest import/export port in New Zealanwvasd
officially established in 1973Inglis et al, 200§. The expansion of the Port
required dredging of the entrance channel and Cutter Channel to accommodate the
larger shipgMichels & Healy, 1999 The first timber egort occurred in 1957 to
Japan(Inglis et al, 2008. Presently, the main timber expas Pinus radiata.The

Port started exporting timber around 1960 and the export volume has increased
over the years. Log handling inevitably produces bark ch(t&alyet al, 1997.

Some of the logs are treated on site which can leave residues of the treatment used

on the impervious ground.
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Figure 2.4: Photo of stormwater runoff phue (dark/brown water at bottom of photo)
edge to harbour water (greenish/blue) in upper part of photo (photo credit: Nadine

Brunschwiler).

2.3 Biology

2.3.1 Flora and fauna

Cole et al. (2000) studied the bivalve distribution in Tauranga Harbour and found
that acros7 sites 314 different bivalve taxa can be found. Centre Bank houses
substantial populations of bivalves. Sea grass covers over 22.5% of the harbour

area (Inglis et al., 2008).

2.3.2 Environment Bay of Plenty 1994

Park and Donald (1994) carried out an extensivevey of the species found in
Tauranga Harbour. The following sections list some of the key species. The
complete list can be found Fark and Donald (1994

14



2.3.3 Macroalgae

Sea grassZpstera spwas the most common species of macroalgae found in the
harbour during the Harbour ecology study®srk and Donald (1994Sea grass
showel an average cover of over 22%. The algae were represented by sea lettuce
(Ulva sp with 3.78%,Hormisira banksii(2.38%),Gracilaria secundatg0.38%),
Corallina officinalis (0.64%), Gelidium caulacantheur(0.16%), andCeramium
sp(0.03%).

2.3.4 Macrofauna

Among the benthic macrofauna the most abundant bivalves include cockle
(Austovenus stutchbujyipipi (Paphies australls wedge shell {ellina itilana),

nut shell Nucula hartvigian, greenlipped mussel Ferna canaliculus and

others. The gastropods arepmesented by snails, chitons, and limpets. The
common octopusctopus macrupnis the only member of the Cephalopods
found in the harbour. The most abundant opisthobranch in the harbour is the black
sea hare Apiysia Juliang. The crustaceans are represenby crabs, crayfish,
shrimp, amphipods, isopods, malacostraca, ostracods, and barnacles. There are
anemones and holothurians (sea cucumbers). Starfish and urchins are common in
the harbour. There are a large number of polychaetea species. There are sea
squirts, worms and sponges. The fish in the area are sharks, stingrays, eels, and
finfish like mullets, flounders, moki, kahawai, kingfish, snapper, sea horse,

stargazer, and others as well as amphioxus, a chordate.

2.3.5 Resin acid

As of yet the effects of themnins and resin acid on the mussels is unknown. A
related toxicity assessment to determine the potential effects on the marine life
from the stormwater runoff is being conducted by David Culliford. Therefore the
study will explore if linkages between tpdume waters and any biota can be
detected.

Resin acids are lipophilic compounds. As such they caradsamulate in liver,

bile, and plasma of aquatic organisrffahraeud/an Ree & Payne, 19%9
Gravato et al. (206) found that resin acid causes liver-biansformation and

possibly genotoxicity in fish. Resin acids in the water usually coincide with

15



particulate matter in the water, from log handling for example. The Tauranga port
stormwater runoff discoloration iostly due to particulate matter. Particulate
matter is known to be able to negatively affect feeding behaviour infeékeling
organismgFahreeud/an Ree & Payne, 1999

Rosin is a major byroduct from pine @sin and consist mostly of abietic and
primaric acidg(Fahraeus/an Ree & Payne, 1999During chemical treatment of
water containing these acids the acids can change their composition and/or their
chemical structte, affecting their behaviour/reactivity with aquatic organisms.
Water treatment can possibly lower the resin acid level in the water. If the resin
acid is change chemically and this new chemical stays in the effluent water, the
toxicity of the water mighhot have decreased even though the resin acid was
removed/lowered as the new compound might be more toxic to aquatic organisms.
Several other studies examined resin acids and their behaviour in(Batgaet

al., 1996aBorgaet al, 1996h Kanberet al, 2006 2008.

2.4 Summary

The study site is located in Tauranga Harbour on the North Island of New Zealand.
Even though the estuary has two inlets, there are two distinct basins that can be
treated as separate entities in regard to hydrodynamics.
1 The study site islocated in the southern basin just off of Mount
Maunganui.
The dominant hydrodynamic forces are tidal currents and wind waves.
The hydrodynamics at the study site generally force shoreline attached
plumes from the wharf runoft.
1 The sediments in the areeegpredominantly fine grained; muds from the
catchments and sand/shells from the shelf.
The dominant wind direction is from the west.

Tauranga Harbour has a diverse flora and fauna.
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Chapter Three

Literature Review

3.1 Previous research undertaken focusing on Tauranga

Harbour

Many previous scientific studies have been conducted in Tauranga harbour. The
social and economic drivers such as Port expansion and dredging of the entrance
channel have ensured that these studies predominantly focused on the southern
basin in proximity to the Port, Stella Passage, and the ebb tidal delta. In particular
there is a wide range of studies focusing on the hydrodynamics of the entrance
channel, and the effects of dredgiftte Lange & Gibb, 20QQMichels & Healy,

1999 Spiers & Healy, 2009Spierset al, 2009 Tay et al, 2013. | review some

of the key results here.

3.1.1 Hydrodynamics

Tay et al. (2013 investigated the hydrodynamics of the southern basin of
Tauranga HarboufFigure 3.1. They used the ELCOM model with data from a
1999 field study for calibration. The paper discusses the main circulation patterns
and the effects of temperature and salinity. Different wind conditionsthaaid
influence on the circulation were characterisegjure 3.2 shows the residual
currents for the southern basin. The salinity stratification within the estuary is
weak and influenced by the tide. The flood tide brings maviager to the
intertidal flats eventually, and the ebb tide drains this water first. During the later
stages of the outgoing tide and the early stages of the incoming tide the water is
confined to the tidal channels which results in higher salinity inetheken
averaged over all tidal stages. The salinity, temperature, and retention time were
modelled and~igure 3.3 shows the model results, demonstrating that wind seems
to largely influence water temperature and retention time however, has a lesser
effect on salinity. Temperature varies mostly diurnally and wind driven

circulation can cool the water over thedldlat areas by -2°C (Figure 3.3, B).
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Large freshwater inputs intensify the stratification. These large freshwater inputs
are mostly influenced by discharges from the Wairoa River. The southern basin is
ebbdominant at Omokoro@oint and ebl@ominant at Motuhoa and in the
channels. There is a back eddy behind Mount Maunganui and on west of the flood
tide delta.
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Figure 3.1: Site map of the deployment locations. Omokoroa point, (02, O3),
Motuhou (M1, M2, M3), Western Channel (W1, W2, W3), all used for model calibration.
FSI current meter deployment (F1, F2), Port of Tauranga (P1, P2), and Bay of Plenty
Regional Council water level recorders (B1, B2). The bathymetry grid ibableground
is from the ELCOM model. Sourc€fayet al, 2013.

The harbour is relatively well flushed with residence times near the harbour
mouth of 2 to 4 days. Storm winds seem to reduce residence time considerably by
39% for winter winds, and 24 for summer storms. The direction of these winds
influences the residual currents. Easterly winds cause the Wairoa River water to

flush faster towards the estuary mouth and thus decrease the residence time.
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Figure 3.2: Residual currents in Tauranga Harbour. The solid grey indicates land mass,
and the grey scale is water depth. Arrows indicate residual currents. Grey arrows:
modelled residual current speed and direction, black arroitfs eircles: observed
residual currentsSource(Tayet al, 2013.
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Figure 3.3: Modelled, deptkaveraged salinity (A), temperature (B), and residence time
(C) of the harbour. The top panels show dominant wind condition scenarios, bottom
panels show no wind condition scenarios for summer. A spangeép tide cycle (14
days) was averaged for the results. Souitay et al, 2013.
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3.1.2 Sediment dynamics

DaviesColley (197§ examined the sediment dynamics in Tauranga Harbour,
focusing on the flood and eftldlal deltas. Their conceptual model describes the
sediment transport pathways. These pathwayslefieed by tidal currents, bed
forms (size and alignment), sediment discharge, and sediment transport rates.
According to their findings sediment enters into the harbour via flood currents and
then spreads across Centre Bank. The sediment leaves therhaithothe ebb
currents. They also identified two major eddies; one eddy is south of Matakana
Island, the other eddy is in Pilot Bay. Sediment can get trapped and eventually
settle out.DaviesColley (1976 also found that the tidal asymmetry varies with

the magnitude and direction of the peak ebb and flodel ¢urrent velocity
measurements. This variation was especially noticeable in the eddies. The longer
durations of ebb flow current velocities within Pilot Bay result in dominant ebb
residual current@e Lange, 1988

The impact of wind waves on sediment transport in thecharis limited to the
shallow regimes of beaches and tidal flats as that is the area where the wave
orbitals reach the bottom and can have high enough velocities to entrain the
sediment into the water columiDaviesColley & Healy, 1978h Figure 3.4

shows the proposed sediment transport patterns around the Tauranga Harbour
Entrance. These directions of the sediment transport are determined by the

residual tidal currentéDaviesColley & Healy, 1978pa
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de Lange (198Bstudied the wave climate and sediment transport in Tauranga
Harbour. He found in his residual cent analysis that Pilot Bay has ebb dominant
flows. In the harbour the short period waves are mainly wind generated and the
long period waves are generally seiches. The wave action is responsible for
sediment transport on the shallow tidal flats as thartsperiod wave orbital
velocities are capable of entraining sediments to a depth of 2m below still water.
His measurements indicate that there is an eddy in Pilot Bay. He detected flood
dominance in Cutter Channel and ebb dominance in Pilot Bay chanmeh wh

causes long period ebb currentsl@hours) in Pilot Bay.

3.1.3 Dredging

Mathew (1997 studied morphologic changes on the tidal deltas due to dredging
and dumping. He found that dredging increased the current velocity in the lower
West Channel and also increased flood velacit€utter Channel. He also found

that the peak velocities decreased in the north of Cutter Channel, in Tauranga
Entrance, and at Sulphur Point Wharf. Consistent with these reBrdisnigan

(2009 in his study of changes in geomorphology and hydrodynamics of the
Tauranga Harbaufound that the flow pattern in Stella Passage showed no
changes before 1954 (no dredging). However, after the capital dredging which
increased the water depth the current velocity decre&sgdre 3.5 shows the
changes in thebb tide velocities for the Tauranga Entrance Rigdre 3.6 shows

the changes in the flood tide velocities. On a comparing of both Figures, a clear
difference between ebb tide and flood tide path in the Entrance is recorded,
especially for post dredging (Cutter Channel).

Boulay (2012 in his MSc thesis mapped the sediments of Tauranga Harbour. He
used acoustic mapping techniques; multibeam echosounder and side scan sonar.
The data was mapped and then ground truthed using underwater camera and
seabed sampling. He then compared the new nogp®vious studies, identifying
changes. He found that sand dunes that were identifiddakiesColley (1976

were no longer there, and attributed this change to thgomy maintenance
dredging in the area. The dredging also reduced the current velocities in Stella
Passage. In the area of relevance te Work presented here, around Stella
Passage, we see that the sediment is mainly fine sand, accoréiggr®3.7. In

22



the area of Town Reach and Bridge Marina the morphological changes between
1985 and 2011 were found to be nin
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Figure 3.5: Vector plot of mean spring tide peak ebb velocity 2006 after dredging (A),
and 1954 (B), showing every third vector, scale maximum set at 2m/s. $Btmoeigan,
2009.

23



rrran,t
_—aly
..-“\\‘.-. "
Ptk b oo RN
et LI

“

Bt
PN
Bt A

S W . -
T .

-
PR

lt“(l'

SRR R R
S bbb En A
LA R RN R NN R
TRt 4 et

’e

.

»
’

.-
-
..
—ha ..
- .-
| N \ - -
l.. . .-
.\ﬁ:\‘ v
R e

Kbt vnwennnnn

o
o LT T e
MAhrs s

SE R A AN

L)

0

A L R E R E R R R R e
TERRAANE A

SR RAARRE RN

FRALRARR R

o
PO S

)
=
£,
W
4

wvenh

.
4+

‘rvigfvoonvu
P
"

R

L4
L

At P LR

R

N
PN

4
L
L}

»
5
»
5
%
N
B

v
‘4
’
:

‘
.
ENE R ETERY

2 \‘.t.-—.-.-
- 2 -
il
7
v
¢

s o M v ooy
L S 4 P =

SAS R RRNNS
FAEASASSSESYRaY
RN NN W R
.
T T L.
R L

e

FREA I PR RERAEEARARANS

TR RN AE AR R R

som
rew

>

Figure 3.6: Vector plot of mean spring tide peak flood velocity 2006 (A), and 1954 (B),
showing every third vector, scale maximum set at 2m/s. SaiB@mnigan, 2000

24



Tauranga Harbour: Sediment Types

. Sedment Samping Locabions
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Figure 3.7: Map of surface sediment of Stella Passage, Town Reach, and Bridge Marina
in Tauranga Harbour. The coleooding groups similar sampling sites. Map does not
represent actual sediment class boundaries of the area. 8adey, 2012.
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3.1.4 Runoff

Tian conducted several studies around the poffaafranga(Tian, 1993 1997

Tian et al, 1994 Tian et al, 1998. According toTian (1997 about half of the
annual precipitation at the port becomes surface runoff. This runoff has a strong
effect on the optical water quality which is about 1% of the receiving waters. In
his study he treated each daily rainfall as a discrete eventund that when the
cumulative rainfall was low, no runoff was produced. With a high cumulative
rainfall there is no difference in runoff volume if the rain is from one or several
events once the ground is wet. The duration of the rain event does notrplay a

in runoff production.

3.1.5 Rainfall and runoff calculations

The following formula was used [yian (1997 to calculate the runoff.

v, =K(s- C) Equation3.1

where vis runoff volume in M, s is accumulated rain in m, C is depression
storage in m, and K is the moff coefficient. According to Auckland regional
Council C for impervious surfaces like the sealed log storage area have a C of
0.002m. The runoff coefficient K for the sealed area is 0.9 as the bark and logs
take time to wet.

v, =0.9* A(s- 0.002) Equation3.2

where vsis the runoff volume and A is the area that produces runoffin m

| calculatedthe area for this study in Google Earth Pro using the Polygon
measuring tool. The polygon iRigure 3.8 was produced by taking the area
schematic provided by the PoFigure 2.2). The calculated area is 735756.m
This number is very close to the number that was provided to me by the Port (total
catchment area is 745000)m

The rainfall data was calculated from the environmental data provided by the Port
using MATLAB. Table 3.1 gives the data for the two storms that were surveyed.
Using equation 3.2 to calculate the runoff volumg) @nd assuming constant
dischargerate, this then in time could be used to calculate u0, the discharge flow

rate.
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Table 3.1; Cumulativerain, storm duration, calculated runoff volume vrs, and flow rate
uo for the storm eants on April 17 2014 and July 122014.

17-Apr 12-Jul
rain (mm) 124.8 67.6
duration (sec) 51840 25860
vrs (m3) 826388 446310
uo (m/s) 15.915 17.2587

To calculate flow rates

Vi = Ve (Agis) Equation3.3

where v is flow rate velocity in m/s,yis runoff volume in m and Ay is area of
pipe holding water during dischardégure3.9 gives the pipe area as 1.2 meters,
which equates to a radius r of 0.6 no. Galculate A

Adis = X*ﬂ-

2 Equation3.4

where x is the fraction of the pipe that
radius 0.6 m. As x is unknown, flow rates can only be apprated.

Tian (1997 calculated a flow rate of 0.32 m/s for a runoff of®nt/s. For this

he assumed that the discharge pipes were half full during the flooding event. Thus

he calculated 4 as 2.26 M
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Figure 3.8: Port area, to calculate runoff producing area with Google Earth Pro polygons.
Area approximated frorRigure2.2.

The depression storage ChHnuation 3.1refers to the fact that rain on dry ground
will not immediately produce runoff. The first rain is to wet the ground, fill up the
depression storage; after C is full, any additional rain is converted into runoff.
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Figure 3.9: (A) Photo of southern outlet pipes. (B) Dimensions and elevations of outlet

pipes relative to mean sea level. CD: Port datum. So(irz, 1997.

3.1.6 Log handling and treatment

The timber export in Tauranga harbour requires the stripping off the bark from the
logs. Some of the logs are treated agafosting. Both these treatment types

produce different compounds. Stripping the logs from their bark leaves a
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considerable amount of bark particles. These particles are swept up and removed
but this removal is not completely effective and a considerabtauaimof bark
pieces are left behind, especially pieces smaller than Phremn, 1993. These
residues contribute to suspend and floating solids as well as fatty and resin acids
in the stormwater runoff. The stormwater contains bark, soil particles, and
nutrients. The large bark pieces are remowegthanically by sweeping the area
after the logs are removed. This sweeping is relatively efficient for pieces larger
than 4 mm. Small pieces stay on the impervious surface and usually are washed
away during rainfall. The runoff passes through retentigesavhich can remove
pieces down to sizes of 0.2 mm. These suspended solids are mainly responsible
for the discolouration of the water (Tian, 1993).

Conventional water treatment techniques are effective in removing resin acids and
suspended solids from thranoff. The impact of those resin acids is limited to
about 100 meters from the discharge points. The acids tend to accumulate in the
surface sediments of Stella Passage at a rate e8BBD(@pb per year. In Stella
Passage the natural salinity stratifioatis dependent on weather conditions.
Freshwater plumes in that area are affected by wind drag and pressure gradients,
especially during the flood tide. At all times the plume seems to stay within the
top 23 meters of the water colummian (1997 found in his field campaign that

the salinity differences during the rain evevas 5.2 psu over the first 4.5 meter
while it was only around 0.2 psu over the same distance during dry days. The
model predictions show a plume depth of around 2 meters (Tian, 1997).

Amounts of resin acids accumulated in the sediments have been four&l to
between 820 and 3900 ppb. These concentrations were measured after the main
expansion dredging in 1990 and 1992. Before 1992 background concentrations
were around 3B4 ppm. Considering the new concentration, the accumuwation
rates were estimated as03@nd 370 ppb/year for the southern and northern (370
ppb/year) outfall pipes, respectively. Resin acid concentration was found to
attenuate with increasing distance from so\fi¢can et al, 1998.

The sampling regime used Byan (1997 was limited which resulted in a coarse
spatial and temporal resolution. Also, the instruments have improved since his

study was undertaken.
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3.1.7 Modelling

Tian (1997 used the fully coupled-8 circulation and transport hydrodynamic
numerical model 3DD. He used the eulerian scheme hydrodynamics coupled with
eulerian and lagrangian advection and diffusion scheme as this would allow for
better results of plume mixing with wind and tidal current forcimat the study

site requires. The 3DD model is based on discretisation and numerical solution of
the momentum and mass conservation equations. A 300 meter grid was used to
establish boundary conditions for the 75 meter grid used for the plume modelling.
To model the vertical plume 11 vertical layers were established in the 75 meter
grid. Several scenarios were model to account for different wind speeds and
direction as well as different timing in relation to tidal stage. With all model
results he was able &how that the plume never reached depths deeper than 3
meters. He was also able to show that under certain wind and tidal conditions the
plume can reach all the way across Stella Passage. The plume is usually advected
south on an incoming flood tide andrth on the outgoing ebb tide with the wind
direction either increasing the advection effect or decreasing it if wind direction is
against the tidal current.

Model results for scenario one with 30 knots nadsterly winds show that the
plume reaches acse Stella passadgégure 3.10. In Figure3.11 we can see that

the plume is very thin, only in the top two layers. Looking-egure 3.12 and

Figure 3.13 we see thathe plume does not go below 2 meters water depth but

does reach across the chankaéd(re3.13).

b E-;ﬂ"_’ 0.5km B 0.5km F m 0.5km

Velocity & Salinity att = 9 hours k=1 felocity & Salinity at t = 10 hours k =1 ‘elocity & Salinity at t = 12 hours k = 1

20 20

15 15

10 15 5 10 15
i 1

5 10, 15 5
Figure 3.10: 30 knot northeasterly wind, time at 9 (D), 10 (E), and 12 (F) holager 1.
Source(Tian, 1997
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Figure 3.11: 30 knot northeasterly wind, time at 9 hours, depth layer 2 (G) and 3 (H).
Source(Tian, 1997%
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Figure 3.12 30 knot nortkeasterly wind, time at 9 hours, and depth profile section along
Stella Passage. Sour¢&ian, 1997F
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Figure 3.13: 30 knot northeasterly wind, time at 9 hours, depth profile, and section
across Stella Passage. Sou(déan, 1997

One of the modelled scenarios, started right after high tide with 30 knots southerly
winds. The outgoing tide strongly advects the plume to the nBrtjure 3.14).

Figure3.15 shows that the plume is very shallow, less than 2 meters deep.
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Figure 3.15 30 knot southerly wind, 5 hours after high tide, depth profile across Stella
Passage. Sourc@ian, 1997.
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Using the Delft3D modelling suit coupled with a SWAN wave modetioll

(2010 predicted erosion to occur primarily in the major sediment transport
pathways. The smaller the grain sizes the larger the predicted erosion. Sediment
transport on the intertidal flats was predicted to be minimdl the deposition

was generally |Iimited to smaller grain s
potential of the weak current velocities. In the inner harbour the larger grain sizes

(>350em) were dominant.

3.1.8 Calculated Plume numbers fromTian (1997

Horizontal eddy diffusion was calculated using

F=-N, ac Equation3.5
dx
where N, is eddy diffusity in direction x and C is particle concentration. The

vertical mixing was calculated using

E, :kDu*%gl- %g Equation3.6

wheregEi s the vertical eddy viscosity, u* t|
the von Karman constant (0.4). The Richardson number for stratified water

columns was calculated using

o ~ o ~2
R =- g2 8 r&-8 Equation3.7
chz= chez+
where g is gravitational acceleration (9.813/s and } i s water densi

The mixing lengtlwas given as

| = - E8 Equation3.8
¢ h=+
1
Ao ~2 f°] ~2ﬂ5
N, :|m2%é£8 +gx%/8 E Equation3.9
é; - g -

wherea = 0.4, z is the distance for sea bed, h is water depth, u and v are orthogonal

velocities.
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3.1.9 Biology

Coleet al. (2000 studied the bivalve distribution in Tauranga Harbour and found
that across 27 sites 314 different bivalve taxa can be fdDedtre Bank houses
substantial populations of bivalves. Sea grass covers over 22.5% of the harbour
area(Inglis et al, 2008.

Chapter 2 gives a good description of flora and fauna found in Tauranga Harbour.
For the detailed list consuftark and Donal1994).

According toBoulay (2012 the area around the Tramga bridge is an important

source of seafood and juvenile shellfish for the shellfish beds on Centre Bank.

3.2 Previous freshwater plume studies

Several freshwater plume studies have beenuwaiad. The studies | examined
were mostly focusing on southern li@anian waters(Lahet & Stramski, 2010
Leeet al, 201% O'Donnell, 1997 Reifel et al, 2009 Svejkovskyet al, 201Q
Washburret al, 2003 Wu et al, 1999

Wu et al. (1994 used field observations to examine plumedtire and dynamics.
They employed high resolution towed survey of physical angpiical variables

with current measurements to determine the plume structure and dynamics. They
found the plume mixing to be strongly dependent on background current
velocties.

O'Donnell (199) employed ship mounted instrument arrays to measure near
surface currents and density distribution in plumes and frontal systems. The array
provided current velocities at four levels and temperature and conductivity at five
levels in the upper 3 meteds the water column, thus providing a high depth
resolution. At a ship speed of 1 to 2 m/s the horizontal resolution is 5 meters. He
found salinity differences of 20 psu in less than 10 meters going into the plume.
Lahet and Stramski (20)1Gstudied runoff plumes using MODIS imagery to

determine horizontal plume extent.

3.3 Summary

Previous research in the study area shows that:

1 Salinity is influenced mainly by freshwater input and weather conditions.
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The harbours weakly stratified.

Sediment transport relies mostly on residual currents and wave action on
shallow tidal flats.

Dredging had a major influence on the hydrodynamics of the harbour,
changing the residual tidal current patterns and sediment transport
pathways.

Runoff can have an influence on the sediments for upotand 100 meter
downstream of the outlet pipe.

The resin acid concentrations in the sediment attenuate with increasing
distance from the source.

The runoff plume always stays in the upper 3arseof the water column.

The plume spreading depends on tidal stage when released and wind
direction during the spreading.

There is abundant flora and fauna in the Harbour that could potentially be
affected by the runoff.

Other plume studies used similapproaches like temperature and
conductivity arrays as well as current velocities.

Optical measurements were also used to determine plume horizontal

extent, spreading, and dispersion rates.
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Chapter Four

Field Deployment

4.1 Introduction

Field measurements ete undertaken focusing on the area adjacent to the
stormwater ruroff pipes. Longeterm time series were obtained to provide
information about baseline hydrodynamic conditions (velocities and densities). A
series of surveys of velocities, salinities, paratures were also conducted over
shorter time scales to provide measurements with no outflow from the pipes
(control transects), and during large rain events to map the extent and dissipation
of the freshwater plume from the stormwater outflow pipes.

Figure 4.1 shows the locations where the different instruments were deployed.
Table 4.1 gives the corresponding instrument type and serial number, sampling
type and deployment depth.

BayiOfiRlenty,

Figure 4.1: Deployed instrument locations in Stella Passage and Cutter Channel (image
credit: Google Earth)
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4.1.1 Longer term time series (current measurement)

A series of instruments were deployed from 10 April 2014 to 17 May.Zl1i&
array consisted of the following instruments:

1 Current profiling instruments to provide 3 components of velocity at fixed
depths in the water column (Sontek Argonaut ABRy(re 4.2), 2MHz
Nortek AquadoppKigure4.3)).

1 Fixed point; current meters to give 3 components of velocity at a single
depth point close to the bed (Sontek triton Acoustic Doppler velocimeters
(ADVs, Figure 4.4) and Interocean S4 electromagnetic currereters
(Figure4.5).

The summary of locations, sampling rates (all instruments burst sampled), and

deployment depths are providedTiable4.2.

Figue 4.2: Sontek ADP (photo credit: Nadine Brunschwiler).
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Figure 4.4: Sontek ADV (photo credit: Nadine Brunschwiler).
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http://people.uncw.edu/finellic/images/adp2.jpg

Figure 4.5: Interocean S4 (photo credit: Nadine Brunschwiler).

The S4 program did not providedate vector, only a time vector therefore a date
vector for each file was created in MATLAB.

Table 4.1: Fixed instrument locations (number and Latitude and Longitude), serial
numbers, sampling type (p: pilef sampling, f: fixed sampling depth), and deployment

depth. The location numbers correspond to numbdfiyure4.1.

Latitude Longitude depth
Locations Instrument (S) (E) sampling (m)
1 ADP 37.6492 176.1793 p 10.5
2 S4 07581610 37.6661 176.1765 f 7
3 S4 05452199 37.6411 176.1722 f 8.6
4 S4 08767065 37.6406 176.1779 f 9
5 ADV R259 37.6378 176.1698 f 8.9
6 ADV R252 37.6426 176.1755 f 9.6
7 ADV R228 37.6752 176.1750 f 6.6
8 Aquadopp 6858 37.6568 176.1763 p 11.9
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Table 4.2. Summary table of fixed deployed instruments. Location, instrument, measurements, make, model, serial number, averagisgrimiéng

interval, cell size, and sensor height above sea bed.

serial averaging sampling cell size sensor height

Location Instrument Measurenents Make Model number interval (s) interval (s) (m) above bed (m)
1 ADP P, T,u,v,w Sontek Argonaut XR E2506 120 300 0.6 0.2

2 S43 u, Vv, w Interocean Argonaut XR 07581610 300 900 N/A 1.1

3 S42 u, v, w Interocean Argonaut XR 05451299 300 900 N/A 1.1

4 S41 u, v, w Interocean Argonaut XR 05782065 300 900 N/A 1.1

5 ADV1 P, T,u v,w  Sontek Triton 10000Hz R259 120 600 N/A 1

6 ADV 2 P, T,u,v,w  Sontek Triton 10000Hz R252 120 600 N/A 1

7 ADV 3 P, T,u,v,w Sontek Triton 10000Hz R228 120 600 N/A 1

8 Aquadopp P, T,u,v,w Nortek 2MHz AQD6858 120 300 25 0.3

ev



4.1.2 Longer time series (ConductivityTemperature (CT)

measurements and mussel deployment)

In addition to current measurements, Odyssey CTaosenfigure 4.6) were
deployed around the harbour, focusing on the whHadufe 4.7). Conductivity

can be calibrated to give salinity. Although not of high accuracy these sensors
were used to provide an indication of plume extent. Aitrumeents were set to
sample every 5 minutes. In some cases CT sensors were dtsmatsa with a

cage containing mussels which would be used for the toxicology assessment
(conducted by David Culliford and Nick Ling). CT locations are listedable

4.3 and shown irFigure4.7.

Table 4.3: CT sensor locations (Latitude, Longitude), association with mussel cage

(yes/no). Locations are shownHkigure4.7.

Place Instrument Latitude (S) Longitude (E) mussel cage

1 CT 2830 37.6378 176.169722 n
2 CT 4053 37.6378 176.169722 n
3 CT 4054 37.6375 176.166667 n
4 CT 4053 37.6658 176.176389 y
5 CT 2828 37.6597 176.181111y
6 CT 2827 37.6597 176.181111y
7 CT 2829 37.6592 176.181389 y
8 CT 4055 37.6592 176.181389 n
9 CT 2826 37.6489 176.179167 y
10 CT 2831 37.6378 176.169722 y

There were 3 main deployment periods with the CT sen3aisg4.4) trying to
catchmajor rain events and overlapping with survey data.

We note that unfortunately sensor 4056 was stolen and CT sensor 2827
malfunctioned owing to a corroded battery link.
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Figure 4.7: CT sensor locations in Stella Passage and at Mount Maunganui (control)

(image credit: Google Earth).
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Table 4.4: CT sensor deployment periods, giving sensor serial number and deployment start and stop dates.

Sensor startl stopl start2 stop2 start3 stop3

CT 4056 17-Jutld 12-Sepl4s

CT 4054 17-Jutl4 12-Sepl4

CT 2882 4-Junl4 15Juti4d 19-Decl4 18Mar-15

CT 2830 17-Jutl4 12-Sepld 19-Decld 18Mar-15

CT 2828 4-Junl4 15Juti4d

CT 2827 4-Junl4 15Julld

CT 2829 4-Junl4 15Juti4d

CT 4055 4-Junl4 15Julld

CT 2826 4-Junl4 15Jutl4d

CT 2831 4-Junld4 15Julld 19-Decl4 18Mar-15
CT 4053 17-Jutld  12-Sepld




4.2 Calibration

The CT sensors were calibrated against solutions of known densities in the
laboratory using the following procedure:

Two buckets containing (2 and 0.4 litres respectively) of tap water weratk2pt
degrees Celsius. The large bucket was used for calibration measurements and the
smaller bucket was used to store the additional loggers between measurements in
order to keep them at the same temperature and salinity. During the calibration
processhe logger was suspended in the solution from a stand to about 4 cm under
the rim along with the YSI sensor. The sensor measurements are given in voltages
and were recorded in an excel spread sheet. Salt was incrementally added to make
solutions of increasg salinities and measurements from an Anton Paar DMA35
density meter and an YSI were used to calibrate against. Measurements were
taken at six calculated salinities (0, 10, 15, 25, 30, and 35 PSU). The Odyssey
software provi des afacévwhicloppoeidesSravadata valieo d e 6 i
readings for temperature and conductivity. At each level a single reading for
temperature was taken for each measurement and for the conductivity
measurements an average of the first seven readings was calculated.cEss pro
was then repeated with solutions held at 15 degrees Celsius. For these calibration
iodised cooking salt (CEREBOS) was used. To increase the salinity of the
solutions by 5 PSU 10 gram salt were added to the two litre bucket and 2 gram to
the 0.4 litrebucket.

The odyssey software includes a calibration interface in which data sets have to be
produced for each logger, one for temperature and one for conductivity.
Temperature calibration requires two readings with an approximate temperature
difference ofs degrees and simply assumes a linear response between reading and
temperature. The conductivity calibration fits a polynomial set which requires six
data points. While entering the recorded data, the units can be selected.

4.2.1 Example Calibration

The first CTsensors (4053, 4054, 4055, and 4056) were calibrated September 20
2013 and recalibrated November 30 2013. The calibration and recalibration
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figures for both densityHigure 4.8) and salinity Figure 4.9) are shown. To
calibrate the sensors for salinity and density the average raw sensor reading for a
specific salinity/density was taken from the Anton Paar DMA35 density meter
(density) and the YSI (salinity). With these numbers density and salinity were
calculated in MATLAB using a linear regression. The calibration was carried out
at a water temperature of 20°€Eigure 4.9 shows that at the high end of the
salinity spectrum that the sensors were calibrated for they show a bit of
divergence after the recalibration. This phenomenon is not observed in the density

calibration Figure4.8).

14000 T T T T T
Sensor 4053

X Sensor 4054
Sensor 4055

12000H O Sensor 4056

x  Sensor 4053 recali

+  Sensor 4054 recali

Sensor4055 recali
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raw Sensor reading
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0
0.995 1 1.005 1.01 1.015 1.02 1.025

Density (kg/mS)

Figure 4.8: Example results of a calibration (solid lines) and recalibration (dashed lines)
for density. Sensor 4053; blue lines, circle for calibration measurement, star for
recalibration measurement. Sens0b4; red lines, x for calibration measurement, + for
recalibration measurement. Sensor 4055; green lines, v for calibration measurement, » for
recalibration measurement. Sensor 4056; pink lines, square for calibration measurement,

diamond for recalibratiomeasurement.

The temperature was calibrated similarly, although only two points were

measured.Figure 4.10 shows an example the temperature calibration. The
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recalibrations gave rise to the same values and hence are not plotted. The
calibration therefore provided some confidence that the temperature sensors do

not drift significantly over the periods ofterest.
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Figure 4.9: Example results of a calibration (solid lines) and recalibration (dashed lines)
for salinity. Sensor 4053; blue lines, circle for calibration measurement, star for
recalibration measement. Sensor 4054; red lines, x for calibration measurement, + for
recalibration measurement. Sensor 4055; green lines, v for calibration measurement, » for
recalibration measurement. Sensor 4056; pink lines, square for calibration measurement,

diamond or recalibration measurement.
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Figure 4.10. Example results of a calibration (solid lines) for temperature. Sensor 4053;
blue line, circle for calibration measurement. Sensor 4054; red line, + for calibration
measurement. Sensor 4055; green line, v for caltratieasurement. Sensor 4056; pink

line, square for calibration measurement.

4.3 Transect/Survey

Repeated boat surveys were also undertaken. These surveys involved repeated
surveys of the area around the wharf with a boat mounted ADCP (RDI 1200kHz
workhorse, sapling at 1200kHz, with depth bins of 0.25m, from 0.6 meters
below surface to bottonkigure4.11) to capture 3 components of velocity. Boat
motion was measured by GPS and removed from measurements within the RDI
processing software. Water column stratifications were also observed using a
seabird 19plus V 2.1 Conductivitlemperaturédepth (CTD, Figure 4.12)

profiler (serial number 6165). Salinity can then be calculated from conductivity
using an algorithm prprogrammed into the Seabird software.
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Figure 4.11: Julia Mdlarney is disassembling the RDI ADCP workhorse after a day in

the field (photo credit: Nadine Brunschwiler).

Typically a circuit system was followed consisting of both across and along
channel transect$igure4.13). Each acrss channel (EW) transect was conducted
twice; once with just ADCP sampling and the across channel section was repeated
with stops for CTD casts. Three CTD casts were carried out per transect, east,
middle, and west. The transects were named A, B, C, artdeDyestern most
being A. Following this labelling structure the CTD drop locations were called A1,

A2, A3, etc, se€&igure4.14.

TV
H”W”’ 1. 4 \ b ’[ ['
Lot Ty

o A 10

Figure 4.12: Seabird Electronics CTD (photo credit: Nadine Brunschwiler).
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Multiple surveys were undertaken@efined below.

4.3.1 Preliminary survey (24th September 2013)

A preliminary survey was carried out on the"Xeptember 2013 to familiarize

with field procedures and gain an idea of how well the stormwater runoff plume
can be detected with the proposed insentation of CTD and ADCP.

On this preliminary test the transect rotation had not been set and the boat was

driven around/through different sections of the plume.

4.3.2 Dry survey (19" November 2013)

A dry survey of the field site was carried out on th& Nbvember 2013. This
survey was necessary to gain-dsembai gsed g
conditions which allows for comparison of the stratification of the water column
between these background and rainy conditions. Circuits were carried out over a
full tidal cycle.
Figure4.13 shows the four transects across the channel that were used at the field
site during the dry survey. On the most estuarine/western transect (A) four CTD
casts were taken on each round and on the other three transects three casts were
taken. With thetime it took to do this we were able to compile seven circuits of
the field site within one tidal cycle.
The procedure was as followed:
91 Across channel ADCP transect, repeat of across channel transect while 3
or 4 CTD casts were taken at specific locations
1 Take along channel ADCP transect measurements between across channel
transects
i Take along channel ADCP transect measurement on the far side on the

way down to transect A

4.3.3 Wet survey 1 (11" April 2014)

The transects established for the dry survey werevieddl closely with the key

difference that the link aloaghannel ADCP transects were taken on the wharf
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side of the channel. This change was implemented in order to catch the plume
output from the pipes along the wharf. A second change was going from 4 CTD
casts on transect A (dry survey) to only three on all across channel transects.

Time and man power allowed for six circuits on that day. As the weather cleared
up later in the afternoon we managed to get measurements of how fast the plume

disperses onceain and discharges reduced significantly.

4.3.4 Wet survey 2 (12" July 2014)

On the second day for wet survey we replicated the procedure form the first wet
survey exactly.

Due to lack of man power and difficult weather conditions we only managed to
measure foucircuits. Visual observations indicated that the first two circuits were
conducted before the discharge created a significant plume output through the

pipes from the port.

4.4 Summary

1 The field site is located in Tauranga Harbour in the Cutter Channel and
Stella Passage.

1 A long time series deployment was undertaken for background current

velocities and backscatter.

1 Long CT time series were taken to cover a wide range of weather

conditions.

1 Two wet surveys provide the main plume data collected for analysis.
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Chapter Five

Results

5.1 Environment

The environmental data was collected and provided by the Port of Tauranga and is
shown inFigure 5.1. The environmental data consisted of metrological data
(rainfall in mm, wind speed in km/hr and wind direction) from a weather station
located at the port, and water temperaturegirfFigure5.1) from ADCP set up in
Entrancechannel. Wind speed and direction are an average of 12 values every
minute. Rainfall records are cumulative rainfall every minute.

The main wind direction is wesbuthwest and typical wind speeds are between 5
and 15 km/h. For the water temperature~igure 5.1 values where Tequalled

0 °C were removed.
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Figure 5.1: Weather data for 2014. A: hourly rainfall in mm, B: water temperature

in °Celsius, C: wind speed in km/h.
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5.2 Fixed Deployment

The fixed instrumentsvere deployed from TDApril 2014 (yearday 101) to"8
May 2014 (yearday 123). Chapter 4 provides details of the deployments including

sampling regimes and data processing.

5.2.1 ADP

The ADP was deployed in the ChannElgure 4.1, which shows deployment
locations). The tidal amplitude for this location is about 1 meter from the
amplitude of the main tidal constituenf®&ble5.1. Figure 5.2A shows a clear

tidal signal in the pressumeasurements. There is also a sdmrnal signal in

the temperature superimposed onto a steady decrease (FigureFigeiBg.5.3

shows the heading pitch and roll, which indicates some small movements (tilting
of a few degrees) during the first half of the deployment period until around
yearday 111, after which the instrument appears to have stabilized. However, the
instrument software applies a correction for these tilts when applying the internal
rotation to tansform from measurements in beam coordinates to Earth coordinates
so the effect of these changes have been compensated for. Applying t_tide
(Pawlowiczet al, 2002 in MATLAB to the data after removing the noisy data at
the beginning reveals that the main tidal constituents are M2, N2, S2, 02, K2,
MKS2, LDA, and L2. The dominant directions are easst, maximal velocite

are 6.38 m/s and the velocity magnitudes are relatively deptbrm (Figure5.5

D). Table5.1 lists the constituents with their frequency and amplitude. The main
tidal constituents (M2N2, and S2) combined amplitude amounts to about 1 meter.
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Table 5.1: Significant tidal constituents (Tide) and their frequency and amplitude for
ADP record. Extra columns show amplitude error, phase, phase amd signal to noise

ratio.

Tide frequency amplitude amp_err pha pha_err snr

*20Q1 0.0357064 0.1761 0.117 156.66 4025 23
*N2 0.0789992 0.2087 0.092 126.4 27.36 5.1
*M2 0.0805114 0.6213 0.093 91.34 8.84 45
*S2 0.0833333 0.2149 0.092 307.04 25.32 55
*MO3  0.1192421 0.1073 0.057 173.4 34.41 35
*M3 0.1207671 0.1018 0.071 348.82 37.89 2
*MK3  0.1222921 0.102 0.065 171.87 3891 25
*SK3 0.1251141 0.1302 0.066 161.54 27.99 3.9
*2MK5  0.2028035 0.0537 0.023 222.34 26.88 5.6
*2SK5  0.2084474 0.0593 0.0Zr 218.7 29.38 4.8
*3MK7  0.2833149 0.0459 0.014 352.96 14.37 11
*M8 0.3220456 0.0532 0.006 203.47 6.3 84
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Figure 5.2: ADP pressure (A) and Temperature (B) measurements.
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Figure 5.3: ADP instrument information, including heading (A), pitch (B), and roll (C).

Figure 5.4 depicts the backscatter for the three beams of the ADP. There are
some periods of very low backscatter (closeeoo counts around yearday 110,
yearday 113, yearday 116, and yearday 120). These periods are likely owing to
the sensors being covered with seaweed or algae and these times have
subsequently been removed from the velocity d&tgure 5.5 shows the
velocities from the ADP. Although the profile does not cover the full water
column, the velocities ardose todepthuniform throughout the profile length (as

to be expected in such an energetic region) and dominated by tide.
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Figure 5.4. Backscatter data for the three beams of the ADP; A: beam one, B: beam two,
C: beam three. Where the backscatter was low all the way through the profile the
respective beams were most likely covered by soimgt The white strip at the bottom of

the column is due to blanking distance, instrument cannot measure right from instrument
surface. The top white strip is due to instrument being deployed in water depth deeper

than the maximum instrument profile length
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Figure 5.5: Velocity data for the three beams of the ADP; A: nathith, B: eastvest, C:
vertical, D: horizontal velocity magnitudes. White spaces over the column correspond to
removed data due to fouling. The white strip at tfodtom of the column is due to

blanking distance, instrument cannot measure right from instrument surface.

5.2.2 ADV

Three ADVs were deployed in the main chanr@gre4.1). From here on out

the instruments will be referred to as ADVR259), ADV2 (R252), and ADV3
(R228) with the numbers increasing from North (ADV1) to South (ADV3). The
colour coding in the following ADV figures is as follows: ADV1 is the solid red
line, ADV2 is the dotted blue line, and ADV3 is the dah green lineRefer to
Table4.2 for deployment locations and depths.

Figure 5.6 shows the temperature and pressure measurements from the ADVs.
The temperature sensor for ADV3 malfunctioned. The pressure sensors in all
three ADVs recorded the tidal signal respect to their deployment water depth.
The temperature varies with the tide. The temperature is high during ebb tide and
low during flood tide. The temperature seems to be similar at both locations. Only
the high temperatures measured by ADV2 are tahlgher which could be
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attributed to it being further up the estuary. Heading, pitch, and roll for the three
ADVs (not shown) indicate the instruments remained close to stationary
throughout the deployment (with the exception of small movements ~2 degrees
on ADV3 between year day 106 and 112 coordinates. According to the measured
velocities inFigure5.7 the northward component is strongest in location 6 (up to
1.07 m/s). As this is located in the Cutter Chaininean be expected as the Cutter
Channel points eastest. The easward component is smaller in location 7 (about
0.86 m/s) and it is dominantly west velocities in location 5 (0.453 m/s). Panel C in
Figure 5.7 shows the up/down velocities and it seems there is dogling in
location 5. As location 7 (ADV3) is far up in Stella Passage the dominant

direction is expected to be nomsouth.
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Figure 5.6: Temperatte (A) and pressure (B) measurements of the three ADVs.-Rgd (
for ADV1, blue (....) for ADV2, green-(.-) for ADV3. Note there is no ADV3

temperature measurement as the sensor malfunctioned.
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Figure 5.7: Velocities in m/s for the three ADVS. A: nortfouth velocities, B: eastest
velocities, C: updown velocities. Red-{-) for ADV1, blue (....) for ADV2, green-(.-.)
for ADV3.

5.2.3 Nortek Aquadopp

The aquadopp is located in Stella Pass&ggufe4.1). In Figure5.8 a clear tidal

signal can be seen both in the pressure data and the temperature data. The
temperature shows the same steady decrease as the temperature measured by the
ADP (Figure 5.2). It also shows the same temperature tidal stage relationship;

high temperatures during low tide, and low temperatures during high tides.
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Figure 5.8: Aquadopp pressure (A) and temperature (B), fromQkatre Bank side of
Stella Passage, opposite the MoMiatunganuiwharf.

The heading, pitch, and roll data, not shown, indicate that the instrument was
steady for most of the deployment period. The heading changed slightly on the
last three days of the degiment.

The backscatter data shows an increased backscatter signal around yearday 107
(Figure5.9). Yearday 107 corresponds to™&pril 2014, our first wet survey

days and thus a rain event. Figure 1.1 also shows this constituted the first large
rain event of the year, possibly washing significant particulate matter into the
harbour. AroundHis time we see a noticeable increase in backscatter throughout

the water column.
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Figure 5.9: Backscatter from the three different beams of the Aquadopp. A: beam one, B:

beam two, C: beam three.

The velaity plot in Figure 5.10 shows clearly that the Aquadopp measured the
tidal velocities. There vertical velocities are predominantly downwards,
indicating a down slope component to the flow, which is consistetht the
instrument positioning at this location. The instrument was deployed too deep
and was not able to capture surface velocities and backscatter in th€ topol

the water column. IrFigure 5.10D we can observe a slight shearhorizontal
velocities during the high tide. Even though the plume was observed to
occasionally reach this location (discolouration of the surface water here was
visible during the boat surveys), there is no sign of changes in backscatter and
velocitiesduring the rain events, thus indicating that any effects of the plume on
circulation within the harbour were at the very least confined to the top of the
water column at this distance from the source. There is almost no vertical
structure as backscattegsal would get lower with increasing distance from the
instrument. Even though the backscatter shows a change during the April rain

event, the velocities do not show any different behaviour during this time.
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Figure 5.10: Aguadopp measured velocities with pressure measurements on top to
compare to tidal stage. A: nostlouth velocities, B: eastest velocities, C: vertical
velocities, D: horizontal velocity magnitudes.

5.2.4 S4

The S4 data output from the softwgmevided 10 measurement points every 10
minutes. It was not possible to obtain higher resolution data owing to computer
memory constraints. The program did not provide a date vector, only a time
vector therefore a date vector for each file was createxael.

Figure5.11 shows the current directions and speed for the three S4<"ohptir

2014 (a wet survey day) and on"2April 2014 as a nomain control day.
Comparing the dominant wind direction during the” 1&pril storm and the
normal condition windsKigure5.11 G and H) shows that during the storm the
wind direction changed completely from dominantly easst during calm to
exclusively northeast. Also the wind speeds during calm days preoul5 km/h

and during the April 17 storm wind speeds reached up to 50 km/h.

The S4_1 in location 4~{gure5.11 C and D) shows that the currents during calm
conditions (C) are predominantly nostrest in accordance with chanrmtection,
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the maximum current speed is about 0.70 m/s. During the storm (D) the currents
are slightly stronger, up to 0.74 m/s and differ a lot in direction. The strong north
east current could possibly be attributed to wind waves as the fetch for this
location is considerable.

S4 2 in location 3Kigure5.11 A and B) show similar patterns. During the calm
conditions (B) the currents are small (up to 1m/s) and only along channel
direction. During the storm (A) the currents are stronger (up to 6m/s) and go
north-east and nortlvest. The nortleast compon# could be explained by the
dominant strong wind during the time and the considerable fetch.

S4 3 in location 2Kigure5.11 E and F) supports the previous findings. During
the calm day (F) the currents are just in line with¢hannel in Stella Passage and

of strength of about 0.8m/s. During the storm (E) the currents are still in line with
the channel but they increase significantly in strength (up to 6m/s). The current

direction does not change because at this location ithacefetch.
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5.3 CT sensors

The conductivity/temperature sensors were deployed over three separate
deployments. | will discuss the results rfroeach deployment period. The
corresponding weather data (rain and wind) are plotted for each deployment
period for ease of comparison and interpretation. All measurements have been
converted from conductivity into salinity before plotting. Due to aneissith the
calibration file inside the software provided by Odyssey, this conversion was
carried out in MATLAB (instead of the download software). The deployment
locations can be checked in Chaptérable4.3.

The salinity and temperature resolution of these CT sensors is not very good
(Odyssey, however the sensors should give sufficient information to provide an
overview of how theainity changes under large rain events at varying locations.
For the deployment the sensors were deployed at one of two depths. The surface
deployment was 20 cm under the water surface on floating buoys to keep the
distance to the surface constant attiales. The deep deployment was at 2m.
Occasionally, there was a problem with the surface deployment, in which the rope
and buoy set up around the pylon did not slide up and down correctly and some of
the sensors got stuck on the pylon out of the watere ddta from these times
manifests as unrealistic low values or short spikes, dropping to close to zero

salinities.

5.3.1 Deployment 1 (4 June to 15 July 2014)

In Figure 5.12 we show the first set of salinity data from deployment 1. The
salinity shows a sendiurnal variation with the tidal signal. Immediately after
deployment, there was a large rain event (8 t§ d%ne). As expected for a
surface deployment, a sulgsent drop in salinity is seen and this lower salinity
persists for around 7 days (even accounting for variation with tiBlgg)re5.13

shows a close up of that first rain event. Zooming in on the second rm ev
(Figure5.14) again shows the surface rain signal. As this event was smaller (less
rain) and the sensors came out a day later there is no information about the

persistence of the signal.
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(CT sensor 2827 wadsa deployed during this period but due to a corroded
battery link no data was recorded.)
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Figure 5.12. CT sensor 2882, July deployment at marker 13 near surface. A: salinity, B:
hourly rain (mm), C: tider().
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Figure 5.13: Zoom in onFigure5.12 on the first rain event before Juné"13: salinity,

B: hourly rain (mm), C: tide (m).
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Figure 5.14: Zoom in onFigure 5.12 on the second rain even on July"mP" which

coincided with a wet survey. A: salinity, B: hourly rain (mm), C: tide (m).

Looking at the sensors figure5.15 we see the freshening of the surface waters
on all three sensors from the middle of the rain event onwards. The salinity
slowly readjusts to before rain levels over the next four days. The signal has a
delay time of about one day before it is picked up by the CT sensors. The
recovery period seems to be a few days, the same as with CT2§826.13).

The two times the salinity ifrigure 5.15 B drops to below 10 is when the
respective sensor was reported to be out of the water during low tide.

Figure 5.16 shows the second rain event of the deployment period and a similar
response ahe sensors is observed. However, there also exist two sharp changes
in salinity in the sensor at 2 m depth under the wharf shortly after the start of each
rain event (Figure 1.16B 10th June, around noon and Figure 1.17Butte
around 3 am). These ardikely associated with the freshwater output from the
pipes directly discharging past the sensor andcansistent with the short lived

nature of these spikes.
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Figure 5.15: A: salinity for CT sensor 2828, outside wharf at surface, B: salinity for CT
sensor 2829, under wharf at surface, C: salinity for CT sensor 4055, under wharf deep, D:
hourly rain (mm), E: tide (m) during first rain eweof deployment around June™2014.
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Figure 5.16: A: salinity for CT sensor 2828, outside wharf at surface, B: salinity for CT
sensor 2829, under wharf at surface, C: salinity for CT sensor 4055,wimaiérdeep, D:

hourly rain (mm), E: tide (m) during second rain event of deployment around July 11
2014.

5.3.2 Deployment 2 (17 July to 12 September 2014)

During this deployment period seven sensors were put out but here we only show
the data of four of theras the other sensors do not show any clear response to the
rain signalsFigure5.17 shows the salinity measured by the sensors that actually
picked up on some of the rain events during the deployment period. There was a
rain even before August 12 but none of the sensors show any change in salinity.
For the rain event on August 11 #our sensors measured a small decrease in
salinity. The signal is small but the delay time was shorter than a day (short in
comparison to delaymeasured during deployment 2). Thecavery period is
about five to six days in all four sensors. A zoonotinthe rain event<igure5.18)

shows that all four sensors picked up on the surface rain.
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Figure 5.17: A: salinity for CT sensor 4056, Marker21 at surface, B: salinity for CT

sensor 4054, Butters wharf at surface, C: salimtyf CT sensor 4053, 6t h
surface, D: salinity for CT sensor 2830, Markerl at surface, E: hourly rain (mm), F: tide

(m), September 2014 deployment.
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Figure5.18 A zoom in on the rain event of Augtu19" 2014. A: salinity for CT

sensor 4056, Marker21 at surface, B: salinity for CT sensor 4054, Butters wharf at

surface, C: salinity for CT sensor
sensor 2830, Markerl at surface, E: hourly rain (mmfjidé (m) September 2014

deployment.

5.3.3 Deployment 3 (27 December 2014 to 17 March 2015)

4053,

Figure 5.19 covers the last CT sensor deployment period over the summer

2014/15.Figure 5.19 D reveals that there was no rain event large enough to

register on the sensors regardless of their positiofigare 5.19 A the salinity

data for sensor 2882, which was located outside the wharf at 20 cm depth, can be

seen. All three sensors exhibit a tidal signal. The other variations that can be

examined do not seem to correlate to the weather at all. The apikigsire5.19

C are inexplicable as this sensor was deployed at a water depth of 2 meters and

was thus well out of the danger of being stuck out of the water at low tide.
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Figure 5.19: December 2014 to March 2015 deployment. A: salinity for CT sensor 2882
outside wharf at surface, B: salinity for CT sensor 2831 under wharf at surface, C:

salinity for CT sensor 2830 outside wharf deep, D: hourly rain (mm), E: tide (m).

5.3.4 CT sensor simmary

Given the similar response across all sensors, from the sensor under the wharf that
was observed to be inside the plume (as seen by the discoloration of the water)
and those that were not (the sensors located on the far side of Stella Passage), we
can conclude that the plume did not have a strong salinity signal above that
associated with rain input over most of tharbour (despite being initially
freshwater) indicating that mixing occurred quickly. For the times when the
sensors under the wharfgared to discern the plume, the response was- short

lived and the spike in lower salinity water disappeared within a tidal cycle.

5.4 Surveys

Figure 5.20 shows a schematic of the locations within the harbour at which the
CTD casts were made. The letters A to D correspond to the ADCP transects

established earlier. The numbers 1 to 3 refer to the three different drop locations
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on each transect, with dorresponding to the west side of Stella Passage, 2 is in
the centre and 3 is the cast on the eastern side of the passage. Later on | will
discuss surface salinities at these locations.

Each circuit took about 90 to 100 minutes to complete including tbeway
ADCP and CTD transects in the across channel direction and some time to return
directly to the starting point (i.e. from D3 to Al).

Figure5.21 and Figure 5.22 show some example CTD casts from the survey on
July 12", which demonstrate that the variations in density are strongly controlled
by variations in salinity and not temperature. Indeed, the temperatureorariati
throughout the profiles are generally small (<Gdlsius over 15m water depth).
Hence, for the remainder of this section | focus on the salinity measurements as

these are the dynamically important variations.
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Figure 5.20: CTD cast location references. The grey scale depicts the bathymetry, solid

white is land.

5.4.1 Calculations for ADCP and CTD

In order to create the surface data and the profile figures the raw data was

processed as described below.

1



The ADCP backscatter for surface was averaged over top two meters of water
depth (noting that due to transducer depth and positioning the top 0.6 meters were
not measured at all). Then the first 6 bins were averaged to provide a
measurement for the top 2 meters

In the case of the CTD salinity surface plots also the top two meters were
averaged. The operating procedure of the CTD requires that it is kept at the
surface for one minute and so there are a lot of shallow measurements. A part of
these measurements ngeremoved prior to averaging in order to reduce bias.
Only the points over which depth increased steadily were used for the surface
average. For the salinity profiles the first few measurements were removed (same
issue here with bias towards the top). Mhiee measurements were averaged over
20cm depth bins as above.
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Figure 5.21 A: temperature, B: salinity, and C: density profiles at location B3 circuit 1.
No plume was present as this cast was takeheasain event started at 8.30 am on 12
July 2014.
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Figure 5.22 A: temperature, B: salinity, and C: density profiles at location B3 circuit 3.
In plume at 1.40 pm on 12 July 2014.
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5.4.2 Dry survey

Figure 5.23 shows the surface salinity measured with the CTD during the dry
survey on 19 November 2013. The panels 1 to 7 correspond to the 7 circuits that
were conducted over a 12 hour period. As it can be seen the surfaitg data,
(obtained from the measured conductivity) the salinity is almost uniform over the
course of the day. With the exception of some slight variations later in the day,
especially panel 5 and 6.

Latitude (°North)
Salinity

Depth (m)

176.175 176.18

-37.67
17617 176.175 17618 |gitede (°East)

Figure 5.23 Surface salinities (psu). The panel numbers correspond to circuit number.

The central time of each circuit was 8.10am, 10am, 12pm, 13.30pm, 4pm, 5.45pm, and
7pm. Note the colour scale for salinity has been chosen for ease of comparison with
suneys conducted during rain events and so the values shown here tend to fall at the top

(more saline) end of the scale.

The CTD profiles Figure5.24) from the same day show little variation in salinity
with depth apart from panel 8 and 13. According to field observations those were
the locations at which there was ship traffic just prior to the CTD casts and hence
they show the influence of bégwater discharge from the container ships. The
apparently fresh water on top of some of the profiles can be attributed to CTD
handling. When the CTD was dropped too early and could not take a proper
measurement of the surface conductivity it shows upcasamumber (nan) in
MATLAB and was plotted in black. Ikigure5.25we see the surface backscatter

data from the ADCP transects. The surface backscatter is calculated from the first
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6 bins corresponding to the water column from 0.6 meters below the surface to
two meters water depth. On careful examination and c¢edesence withFigure

5.24it can be seen that the CTD profiles with stratification fall on locations where
there is increased backscatter on the ADCP transect, indicating the influence of
ship traffic. Figure 5.26 shows a section of the backscatter profiles for a non
plume event an&igure5.27 shows the corresponding velocity profiles. High tide
was at 8.4%m, just prior to when the profiles were taken. We can see a strong

north current which is most likely the outgoing tide.

Depth (m)
Salinity

2 3
Circuit #

Figure 5.24: CTD profiles for dry survey. Panel numbers correspond to CTD cast
locations fromFigure5.20. The different circuits/times are on x axis. The central time of
each circuit was 8.10am, 10am, 12pm, 13.30pm, 4pm, 5.45pm, and 7pm. Salinity was

calculated from conductivity. The black boxes at the bottom indicate ocean floor.
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Figure 5.25. ADCP surface backscatter for dry survey. Blue corresponds to low
backscatter, red is high backscatter. Panel numbers correspond to circuit number, with the
asterisk 6*6 depicting the ditimevwteadnaircuk t o st a

was 8.10am, 10am, 12pm, 13.30pm, 4pm, 5.45pm, and 7pm.
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Figure 5.26. Backscatter profile on November 19th 2013 around 9 am going from West
to East across Stella Passage. A: backscatter for beam one, B: backscatter for beam two,

C: backscatter for beam three, D: backscatter for beam four
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Figure 5.27: Velocity profiles from November19th 2013 around 9 am going from West
to East across Stella Passage. A: -ea&st velocities, B: nortsouth velocities, C:

vertical velocities, D: averagedleeities.

5.4.3 Wet survey 1

The first o6wetodo survey was"Apih20elrTthaken du

rain started a day before on the 16th April.
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