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ABSTRACT

The study predicted the impact of a proposed breakwater development, along the
northern boundary of the Tauranga Bridge Marina, on existing hydrodynamics
and sediment transport. Numerical modelling waseuiatten using the DHI

MIKE 21 modelling suite. A 25 m grid resolution regional hydrodynamic model

of Tauranga Harbour was established to provide boundary conditions for a 4 m
grid resolution local hydrodynamic model of the Stella Passage, Town Reach, and
Waipu Bay region. Calibration and verification was achieved by comparing model
predictions with measurements from tidal gauges and field deployed ADV
instruments. A wave model was-ggt to provide predictions of waneduced
sediment transport. A sedimeransport model was developed to identify

sediment transport pathways and areas of erosion and accretion.

A pile and panel breakwater was recommended based on predictions of reduced
current velocity within the marina and a limited increase along the SuRzhot

wharf. Flow diversion and channel constriction contributed to increased maximum
velocities of 10% near the Stella Passage-affpncreased peak tide velocities

of up to 0.3 m.4 west of the breakwater, and flood jet development off the
westerrtip of the breakwater. Increased accretion north of the-dffopas

predicted in response to increased annual spring transport rates in Town Reach
from <50 nt/yr/m up to 100n%yr/m. Increased erosion through the western side
of Town Reach may result irarser surficial sediment and a westward extension
of shell lag. In the western Stella Passage, peak ebb velocities increased by 0.2
0.5 ms* and annual spring transport rates increased #5m>/yr/m to>10

m>/yr/m. Peak tide velocities within the niga were reduced by 0i20.5 m.&" in

the north and up to 0.2 n.i the south and annual spring transport rates
decreased from up 80 m*yr/m to predominantly <8n*/yr/m.

Two dredging scenarios proposed by the Port of Tauranga were also simualated. |
dredging scenario one, the Stella Passage was deepened to 16.0 m below Chart
Datum. Variation in flow patterns were predicted within the Stella Passage and
flood velocity increased through the western side. In dredging scenario two, the

dredged area arf8ulphur Point wharf were extended southward into Town Reach.



In the western Stella Passage, maximum flood velocity increased by ¢.and.s
peak ebb velocity increased by up to 0.3'mReak flood velocity decreased by

up to 0.3 m.4 north of the marnia.

Breakwater addition to the dredging scenario one simulation produced similar
results compared with the combined breakwater and existing bathymetry
simulation. The breakwater and dredging extension in scenario two, both
independently acted to focueW through west side of Town Reach. Increased
erosion was predicted toward the diipinto the dredging extension. Dredging
reduced the influence of the breakwater through the western Stella Passage. The
breakwater increased maximum ebb velocity by 28f4tfe existing bathymetry,

25% for dredging scenario one, and 20% for dredging scenario two.

Existing sediment transport patterns in Waipu Bay were unaltered by breakwater
development or the combined breakwater development and dredging and wharf

extensims.

An area of high seabed elevation, in western Waipu Bay, was the preferred
location for an artificial bird roost. The existing bathymetry was altered to
simulate different dredge island dimensions. The recommended design was oval
shaped with an easted orientation. This design displayed consistently low

annual spring transport rates<d.1 n¥/yr/m.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

The Tauranga Bridge Marina, located within the Tauranga Harbour, on the North
Island of New Zealand, intends to construct a breakwater along its morthe
perimeter(Figure 1.1) The berthing areas of the marina aresently surrounded

by a series of floatingontoons, which were intended to attenuate wave heights
within the marina. However, the protection provided by the pontoons has been
insufficient, particularly duringnortherlystorm events. Vessels have sustained
damage, mooring lines have snapped, and the potential exists for vessels to break
free from their berths. The connections between the pontoons and the pontoons
themselves have also previtusicurred wave damage during northerly storms.
This potentially creates a dangerous situation for marina staff and berth licence
holders attempting to protect property during stofaxsstingtidal currents

through the marina calsomake manoeuvring gsels difficult and limit berthing
times. Propeller wash from cargo vessel andatttyity, associated with the Port

of Tauranga, may flow through the marina.

Construction of @raditional rock breakwater walse preferredoption based on
costeffectiveness, minimal environmental impact, and aesthetics with the
surrounding harbouihe breakwater was expected to protect the marina from
future expansion by the Port of Tauranga, prevent propeller wash entering the
marina, improve vessel manoeuvrabilitydeglucing tidal currents, and improve
safety for marina users, particularly during northerly storms. Albsurof

concerns relating to tHareakwater development were raised by the Port of
Tauranga, including potential scouring of the seabed, erosion oftanpport
infrastructure, increased deposition of sediment into dredged channels used for
shipping, and a change to existing tidal currents, particularly any increase in

current velocity along the Sulphur Point wharf.

Tauranga Marina Ltd commission&tetcher Castruction Ltd with construction

of the breakwatemwho in turn commissioned Tonkin & Taylor Litd 2008to
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evaluate breakwater design options. Senior (2pi€qgicted the impact of

different rock breakwater designs and configurations on egisitlal currents.
However, calibration of theydrodynamic modeby measuring the time taken for
floating drogues to traverse a measured distance within the marina at peak ebb
tide, was insufficient to provide confidencenmodelresults. The Universitgf
Waikato was approachdxy Tonkin & Taylor Ltd in 20120 assist in completing
the project. Boulay (2012) performed the initial hydrographical surveying and
sediment sampling of the seabed, with the results used in hydrodynamic and

sediment transport meding in this study.

Figure 1.1: Aerial photograptof Tauranga Harbour looking nortkest The Tauranga Bridge Marina is
shown in the foregroun&ource: Port of Tauranga.
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1.2

STUDY AIM AND OBJECTIVES

The primary aim of thistudy was to predict the impact of breakwater

construction on existing hydrodynamics and sediment transport in Tauranga

Harbour. This was accomplished by addressing the following objectives:

1)

2)

3)

4)

5)

6)

Develop a hydrodynamic model of the Stella Passage, Town Reath,
Waipu Bay region. Successfully calibrate and verify this model using field
data recorded by deployed oceanographic instruments.

Develop a sediment transport model of the Stella Passage, Town Reach,
and Waipu Bay region. ldentify existing sediment $gzort pathways and
areas of seabed erosion, accretion, and relative stability.

Predict the impact of breakwater construction on existing hydrodynamic
conditions and sediment transport patterns.

Predict the impact of the Poto Taur an g a deepaphe Stgla s a |
Passage anektend the Sulphur Point whah the existing hydrodynamic
conditions.

Determinehow the impact of the breakwater will changeesponse to
developments proposed by the Port of Tauranga

Predict the ombined impact of all aforeemtionedproposedievelopmerd

on existing sediment transport within Waipu Bay.

The Department of Conservation (DoC) in New Zealand has expressed interest in

constructing an artificial high tide bird roost within Waipu Bay. This study will

also model diffeent dredge island designs and recommend designs which display

superior stability.
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1.3 THESIS OUTLINE

Subsequent chapters in this thesis were structured according to the outline listed
below:

Chapter two provides a description of the field site grtuysical environment of
Tauranga Harbour.

Chapter three reviews the findings of previous studies in Tauranga Harbour

relevant to this study.

Chapter four introduces the modellingpproach and describes the-gpt
sensitivity analysiscalibration, and véication of a regional hydrodynamic

model of Tauranga Harbaur

Chapter five describes the setp, calibration, and verification of a local
hydrodynamic model of the Stella Passage, Town Reach, and Waipadiay
Discussion is focused ohd impacts bbreakwater construction, Stella Passage
dredging, and Sulphur Point wharf extension on the existing hydrodyndriss.
chapter also details the deployment of oceanographic instruments and collection
of field data.

Chapter six describes the seip of regional and local scale wave models and
makes predictions of wave parameters within Tauranga Harbour.

Chapter sevencharacterises the seabed using literature data and details-tipe set
and sensitivity analysis oflacal scalesediment transporhodel.Model results
are used to identify existing sediment transport patterns, predict the impacts of
breakwater construction, and predict how the impact of the breakwater will

change in response d@velopments proposed by the Port of Tauranga

Chapter eightlists important characteristics of successful artificial bird roosts
and describes the configuration of modelled dredge isl&esiltsare used to

identify designs which display superior stability.

Chapter nine Summarises the important results of theithaad makes

recommendations for further research.
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CHAPTER TWO
FIELD SITE DESCRIPTION

21 INTRODUCTION

This chapter provides an introduction to the physical setting of the study site. The
geography of Tauranga Harbour and the hydrodynamic, sediment, wind, and wave
conditions are all described. Further detail is provided in subsequent chiapters

this study, particularly for the Stella Passage, Town Reach, and Waipu Bay
region.Modificationsto the physical environment by the Port of Tauranga and the
Tauranga Bridge Marina are also discussed. Proposed dredging, breakwater

development, and whaeiktensiorprojects are identified
2.2 GEOGRAPHY

Tauranga Harbour is a large, mdgtal estuarine lagoon, located in the western

Bay of Plenty, on the norteast coast of the North Island of New Zealéfidure
2.1)(DaviesColley, 197®; de Lange, 290). The North Island straddles the

border between the Australasian and Pacific plates. Tauranga Harbour is situated
within the Tauranga Depression, which is described by RandsHealy(1993) as

a Atensional graben assoeibaf(ed wWB)h fThe
formed during the Holocene sea level rise and is enclosed by a barrier island and
two tombolos (Davie€olley, 1976; de Lange, 1988). The lagoon covers an area

of approximately 200 kfinand has a water volume of approximately 455 &b

(Hill, Payne, & Heerdegen, 201Park, 2003Port of Tauranga, 20)1The

barrier island, known as Matakana Island, extends for 24 km and is composed of a
system of beach ridges (Daw€slley, 197®). Matakana Island shelters the

lagoon from the Pat@ic Ocean (Hill et al., 2010 The tombolos include Mount
Maunganui in the soutbast and Bowentown Heads in the navist. Both are

volcanic cones and are connected to the mainland. Development of Matakana
Island and the spit joining Mount Maunganui wiltle mainland occurred by

longshore and onshore sand transport (Dauitealy, 1993).
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Figure 2.1: Map of Tauranga Harbour. The blue line represents the approximate boundary between the
Northern and Southern Harbours. The red box in the inserted maifies the location of Tauranga Harbour
on the North Island.

Tauranga Harbour has two tidal inlets at opposite ends of Matakana Island. The
Katikati Entrance is to the northiest near Bowentown Heads and the Tauranga
Entrance is between PanepanenBait the soutkeastern tip of Matakana Island,

in the west and Mount Maunganui to the €&sggure 2.2) The Tauranga Entrance

is approximatelyp00 m wide, averages 15 m in depth, and hasxamum depth

of 34 m Krlger& Healy, 20®). An ebb tidal deltdnas developed offshore of the
Tauranga Entrance where ebb current velocity decreases sufficientiyo al

suspended sediment to settle

The Tauranga Entrance allows vessels to access the Port of Tauranga and the
surrounding City of Tauranga. The West&imannel merges with the Cutter
Channel at the tidal inlet. A flood tidal delta, known as Centre Bank, has
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developed between the two major channels as a shallow shoal. Tl City
Tauranga surrounds the sowhsterrarea of the harbour and has a resiagnti
population exceeding 100,000 (Park, 2003). The land adjacent Matireganui
Roads Channel and the Stella Passage hasipegressivelyeveloped into port
facilities.

Matakana Bank
(Ebb tidal delta)
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Figure 2.2: Aerial photograph of the inner harbour region of the Southern iarBource: Google Earth.

Many subestuaries are present in the upper reaches of Tauranga Harbour. The

bathymetry is predominantly shallow in the upper harbour, with 66% of the
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harbour bed exposed as irtiéal flats at low tide (d Lange, 1990; Park, 28).

The estuar margin extends for 274 km (Port of Tauranga, 2@ consists of a
combination of sandy foreshore, salt marsh, and intertidal flats diddegt
intertidal channelsfavis & Healy, 1993). The harbour catchment covers an area
of approximéely 1300 kni and consists primarily of horticulture, agriculture, and
forest, with some urban areas (Park, 2003) -&ibhments to the west and south
drain the KaimaMamaku Ranges, while stdatchments to the east are relatively
flat and urbanised (Hanck, Hume, & Swales, 2009).

23 HYDRODYNAMICS

Tauranga Harbour can be considered as two separate hydrodynamic basins, the
Katikati basin or Northern Harboand the Tauranga Basin or Southern Harbour
(Barnett, 1985). The Northern Harbour has a waternelof 177.7 x 10m?* and

the Southern Harbour has a water volume of 277.5 xif(Boulay, 2012).
Approximately 290 x 19m? of water flows across the harbour entrances each
tidal cycle, with an estimated 61% flowing thrdutipe Tauranga Entrance (Port

of Tauranga, 2011)[he basins are divided by a large area of intertidal flats.
Previous studies assumed limited or no exchange of water across the basins
(Barnett, 1985; de Lange, 1988; Tay, Bryan, de Lange, & Pilditch, 2013). This

study is focused primdyion the eastern region of the Southern Harbour.

The hydrodynamig of Tauranga Harbour éominated by tidal currents and wind
generated waves (Davi€olley, 197®). Consequently, numerical modelling in

this study focused on tidal currents and wave gsses. The existence of a

prominent ebb tidal delta suggests the influence of tidal currents is stronger than
waves at the Tauranga Entrance (de Lange, 1990). Tides in Tauranga Harbour are
discussed in more detail in Chapter Fdure hydrodynamics may alde weakly
influenced byestuarine circulation, driven by salinity density gradients following
significant rainfall, and seiching, due to seismic waves;Iseat excitation, and

change in atmospheric pressure (Daiedley, 197®).

Many streams dischge freshwateiinto Tauranga Harbour, although itheverall
input is low. The freshwater input averages only 0.3 % of the harbour volume
(DaviesColley, 1976) Consequently, freshwater soureesre neglected in
numerical modellingn this study. Howeveryéshwater streammsay act as
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significantsources of sediment in Tauranga Harbour (Kwoll, 20I8e Wairoa
River has the largest discharge into Tauranga Haybatlr an inflow of 17.5
cm.s! (Boulay, 2012). Thiss too low to significantly influence themaining

volume of waterDavis & Healy, 1993).
24  SEDIMENT

Tauranga Harbour has two major sources of sediment. Freshwater streams are
estimated to supply 120,000 tonnes annually of typically fine grained sediment,
such as muds, from the surroundirrgohment (Boulay, 2012). Marine sediment
from the inner shelf is delivered to the harbour by seaisterly littoral drift and
tidal currents flowing through the harbour entrances. The marine sediment is
predominantly comprised of sand, which was initiatgded from the Taupo
Volcanic Zone, soutbf Tauranga harboub@vis& Healy, 1993). Historical
bathymetry indicates a slowly infilling of Tauranga Harbour due to sediment
deposition (Black, Mathew, & Borrero, 2007). The Port of Tauranga undertakes
regular maintenance dredging to prevent progressive infilling of the shipping

channels.

Surficial sediment at the Tauranga Entraacd within the major subtidal

channels is typically bimodal. The fine mode consists of sand and the coarse mode
consists okhelly gravel (Davie€olley, 1978b). Tie average shell content is

30%, which can increase up to 90¢thin the channel, whilehe mud conteris

low atonly 1% (Kwoll, 2010). Well-sorted medium sand on the fringes of the

flood tidal delta transitions to mderately sorted fine sand at the shallowest

sections of Centre BanK(lUger, 1999). A more detailed description of the seabed

in the Stella Passag€own Reach, and Waipu Bay regiaiil be provided in

Chapter Seven.
2.5 WIND AND WAVES

The prevailing wnd direction is from the west through to the sewtst. The
KaimarMamaku Range to the west shelters Tauranga Harbour frem t
prevailing winds (Kwoll, 201)) Consequently, maximum wind speeds are low
and gales occur less frequently compared with otfe&xsan New Zealand (de

Lange, 1988). However, cyclones occasionally occur during the summer months
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of November to April. Cyclones originate from warm waters in the tropics to the
north of New Zealand. Fast winds, substantial rainfall, and storm surgdsemay

produced within the Bay of Plenty regidaring cyclonegde Lange, 1988).

The waveclimate in the Bay of Plenty displayslatively low energy compared

with therest of New Zealand. Significant wave heightsg) @&e typically between
0.71 1.5 m andhe distribution of zero uprossing periods (J are typically

between 1 9 s (de Lange, 1988). Dominant wave directions are fromahé to
north-east (Kwoll, 201D The mean Koffshore of the Tauranga Entrance is 0.5 m
(de Lange, 1990Breaking waes may occunear the Tauranga Entrance due to
stormsto the north through to the east, pautarly during the ebb tide (Port of
Tauranga, 2001 Wave conditions within Tauranga Harbour are discussed further

in Chapter Six.
2.6 PORT OF TAURANGA

The Port of Tauranga is located in the Southern Harbouiasd New Zeal andoés
largest exprt port (DaviesColley, 1978b; Hill et al., 20)0In 2013 more than

19 milliontonnes of cargo was handled and 1,529 cargo vessels visited the port
(Portof Tauranga, 204a). The area of land occupied by the Port of Tauranga is
highly developed and displays little resemblance with the natural coaSthee.
Maunganui Wharf is a quayside container wharf located along the east tde of
Maunganui Roads Channel. The whaa$ a continuous berth face, with a length

of 2,055 mand may accommodate cargo and passenger vessels. A total of 113.4
ha of surrounding land is used for port operations and supporting industries (Port
of Tauranga, 2019bA separate 80 m Tanker Berth¢ébed to the south of the
Maunganui Whatrf, is designed to transfer dangerous bulk goods. The Tauranga
Container Terminal at Sulphur Point was originally an intertidal area north of
Tauranga City. The land was reclaimed using dredge spoil from the Stella
Passage. The first stage of the Sulphur Point wharf was completed invi@#®2a

600 m berthing lengtalong the eastern margin (Port of Tauranga, 20E3gure

2.3). Presently 78 ha of land is used for port activity and related industrieo{Port
Tauran@, 2014b.
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Figure 2.3: Aerial photograph of the Stella Passage, Town Reach, and Waipar&a¥he Tauranga
Harbour Bridge is abbreviated as THB. The Tauranga Bridge Marina is abbreviated as TBM. Source: Google

Earth.
Accessibility to the Port of Teianga has been improved through dredging.

Dredgingwasundertaken in 1968 to artificially create the Cutter Channel across
the flood tidal delta and bypass Pilot Bay. An Entrance Channall$aiseen

dredged across the ebb tidal delta and is maintainredepth of 14.1 rbelow

Chart DatumWater depths and widths of the main shipping channels were
increased during a capital dredging programme conducted in 1992. The maximum
draught was deepened to 12.9 m at high water and 11.7 m at low watef(Port
Tauranga, 20130 Hydrographical echo sounding surveys and dredging are
regularlyundertakerby the porto maintain the design depths in the shipping

channels (Porf Tauranga, 2014b
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Consent was granted to the Port of Tauranga in 2013 to deepen andhgiden

main shipping channels of the Southern Harbdbe proposed dredging depths

and widths are displayed in Figure 2.4 and listed in TableCadstruction of

modern container vessels is trending toward larger ddreslging will allow

larger vesseltregularly visit the port in all tide conditionBhe port presently

handles container vessels with a capacity of 4,100 TEU (twenty foot equivalent

unit). Dredging will allow vessels up tqOD0 TEU, with a length of 347 m and

draught of 14.5 m to accetfg port Hill et al., 201Q. Dredgingwill ensure the

port remains competitive loAgrm and continuation of social and economic

benefits for the wider region and at a national level (Hill et al., 2010).
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Figure 2.4: Proposed dredging depths and waltBource: Bay of Plenty Regional Council.
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Table 2.1:Proposed dredging depths and widths. Depths are listed relative to Chart Datum. The estimated
volume of sediment to be removed at each location is also pro@dacdce: Bay of Plenty Regional Council.

Location Proposed depths and widths Volume (x 10 m°)
Entrance Channel Deepento 17.4 m 5.9
Tanea Shelf Deepento 17.4 m and widen by 32 r 0.4

Cutter Channel Deepen to 16.0 m and widen by 115 7.0

Maunganui Roads Deepen to 16.0 m and widen by 50 r
Create a turning basin 16.0 m deep 0.4
and 200 m by 200 m

Stella Passage Deepento 16.0 m 1.3

Two coastal permits have been granted to the Port of Tauranga to undertake the
dredging programme. The consent conditions of copstahit 65806 are listed
below (Smith, 20135

1 Disturb the seabed of Tauranga Harbour by dredging. A total volume of up
to 15 x 16 m® may be dredged from the seabed in the main shipping
channels.

1 Deposit dredged material in the coastal marine area. A total volume of up
to 15 x 16 m® of thedredged material may be deposited at existing
offshore disposal sites.

1 Remove dredged material from the coastal marine area. A total volume of
up to 1 x 16 m® of the dredged material may be removed for beach re
nourishment or commercial use ondan

1 Disturb the seabed of Tauranga Harbour by maintenance dredging.

The consent conditions of coastalpér65807 relate tactivities associated with
dredging and are listed below (Smith, 20t3b

71 Diffusely discharge sediment and sedimlaiaten water of &uranga
Harbour during dredging.

1 Carry out beach nourishmenttime coastal marine area gpldce boulders
in the coastal marine area

{1 Take coastal water during dredging.

The Port of Tauranga also intends to extend the Sulphur Point wharf from 600 m
to 1,155 m along the eastern face and add@(dlong the northern face (Port of
Tauranga, 2013a
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2.7 TAURANGA BRIDGE MARINA

The Tauranga Bridge Marina is located south of the Stella Passatje eastern
side of the channel through Town Reach. The mariraomastructed in 1995 and
presently has 500 berths of varying dimensions. Water depths beneath the marina
predominantly range betweeri  m below Chart Datum (Boulay, 2012). The
marina is nestled in the cove created by the reclaimed causeway of thegbaura
Harbour BridggFigure 2.4) The reclaimed causeway is effectively an island
surrounded by riprap rock. The Tauranga Harbour Bridge itself was completed in
1988 and connects Tauranga City in tivest with Mount Maunganui to the north.
The Harbour margiin the vicinity of the marina is highly industrial. The
proposed breakwater adds to the existing infrastructure in the area, although will
not further degradits character valyavhich already displays a low resemblance

to the natural coastline (Ryd@Q10).
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Figure 25: Aerial photograph of area surrounding the Tauranga Bridge Marina. Source: Google Earth.
Chapter Two

16



2.8 CONCLUSION

This chapter provided an overview of the physical environment of Tauranga
Harbour. Existing and proposed modifications to the Is&at Harbour, by the
Port of Tauranga and Tauranga Bridge Marina, were identified and discussed.

Major points from this chapter are summarised below:

1 Tauranga Harbour is a mesdal estuarine lagoon, located on the north
east coast of Meaw. Zeal andds North

1 The lagoon is enclosed by Matakana Island and the tombolos of Mount
Maunganui and Bowentown Heads.

1 Tauranga Harbour has two tidal inlets, the Katikati Entrance to the-north
west and the Tauranga Entrance to the seatt. The latter provides
acess to the Port of Tauranga and City of Tauranga.

1 Bathymetry in the upper harbour is mostly shallow, with the estuary
margin consisting of sandy foreshore, salt marsh, or intertidal flats.

1 Tauranga Harbour can be considered as two separate hydrodynamic
basins. The Southern Harbour displays a larger area and water volume.

1 Hydrodynamics are dominated by tidal currents and wind waves.

1 Freshwater input accounts for only 0.3% of the harbour volume.

1 Two major sources of sediment are freshwater streams, supfilyen
grained sediment from the catchment, and littoral drift and tidal currents,
supplying marine sands from the inner shelf.

71 Surficial sediment within the major subtidal channels of the inner harbour
consists mostly of sand and a gravel fraction eflsh

1 The wave climate in the Bay of Plenty has relatively low energy, with the
Hs typically between 0.7 1.5 m and th& typically between 7 9 s

1 The KaimatMamaku Range shelters the harbour from prevailing westerly
and southwesterly winds.

1 Cyclones may generate fast winds, substantial rainfall, and storm surges
within the Bay of Plenty.

T The Port of Tauranga i s New Zeal andds
developed landscape displays little resemblance with the natural coastline.
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Regular dredigpg is undertaken to maintain design depths of the Entrance
Channel at 14.1 m and the major shipping channels at 12.9 m.

Consent has been granted to further deepen and widen these channels. The
port intends to deepen the Entrance Channel to 17.4 m asdifipéng

channels to 16.0 m to accommodate larger container vessels.

Up to15 x 10 m® of sediment will be dredged and deposited at offshore
disposal sites, with up tbx 1¢ m® for beneficial use on land.

The Port of Tauranga also intends to extendStehur Point wharf to

1,155 m along the eastern face and add 400 m along the northern face.
The Tauranga Bridge Marina is located on the eastern side of Town

Reach, nestled in the cove created by reclamation of the Tauranga Harbour
Bridge causeway.

The poposed breakwater will not further degrade the character value of

the area, which is highly developed and displays low resemblance to the

natural coastline.
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CHAPTER THREE
PREVIOUS STUDIES OF TAURANGA HARBOUR

3.1 INTRODUCTION

A wide range of studies have previously been undertaken in Tauranga Harbour.
Most have focused on the Tauranga Entrance, the flood and ebb tidal delta
systems, and dela@ments related to the Port of Tauranga. The aim of this
chapter was to review previous studies conducted in the Tauranga Harbour and
provide a summary of the important results. The review was primarily concerned
with hydrodynamics, sediment dynamics, awanerical modelling, with a

particular focus on the Stella Passage, Town Reach, Waipu Bay, and Tauranga
Bridge Marina. This chapter is not an exhaustive review of all studies undertaken

in Tauranga Harbour, but rather those most relevant to this study.

3.2 SEDIMENT DYNAMICS OF THE TAURANGA ENTRANCE 1
1976, 1978

The first study investigating the sediment dynamics of the Tauranga Entrance and
the flood and ebb tidal delta systems was undertaken by D@viksy (1976). A
conceptual model of the sedimeransport pathways within the inner harbour

was developed through analysis of tidal currents, bedform size and alignment, and
sediment discharge and transport rates (Figure 3.1). Flood tidal currents transport
sediment into the harbour, spread acrossltwalftidal delta, and eventually join

the Otumoetai or Maunganui Roads Channels. The conceptual model indicates the
presence of major eddies south of Matakana Island and in Pilot Bay. Sediment
exits the harbour via ebb tidal currents flowing through eitinet_ower Western
Channel or Maunganui Roads Channel and Pilot Bay. Significantly more

sediment transport was estimated to occur through the latter pathway.

The impact of wind waves on sediment transport within the harbour is limited to
shallow intertid&flats and beaches (Davi€lley & Healy, 1978a). However,

wind generated swell waves are significant offshore of Tauranga Harbour.
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Figure 3.1: Conceptual model of sediment transport pathways near the Tauranga Entrance. Source: Davies
Colley and Hely (1978b).

The net direction of sediment transport within the inner harbour is primarily
determined by residual tidal currents. The threshold velocity for sediment
entrainment at peak flow was surpassed at most recording stations on the flood
tidal delta(DaviesColley & Healy, 1978b). Tidal asymmetry was detected in the
magnitude and direction of peak ebb and peak flood current velocity

measurements, particularly within the major eddies (DaBmtey, 1976).
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Current velocity measurements within PilotyBlisplayed longer durations of ebb
flow, which results in the dominance of ebb residual currents (de Lange, 1988).

The grain size patterns of sediment samples were related to hydrodynamic
conditions. Surficial seabed sediment was coarser in areas siittufaent
velocities, which removed the finer sediment. Analysed sediment samples were
composed of volcanic glass 56%), sodic plagioclase (25%), quartz (20%), and
heavy minerals (~5%) (Davig3olley & Healy, 1978a).

3.3 TAURANGA HARBOUR STUDY 1 1983

The Tauranga Harbour Study was a major investigation of the hydrodynamics and
sediment transport patterns in Tauranga Harbour, with a particular focus on the
inner harbour of the southern basin. The study was commissioned by the Bay of
Plenty Harbour Boardvith the Ministry of Works and Development acting as the
primary consultant. A team of specialist stdnsultants, including the Danish
Hydraulics Institute (DHI), a private consultant, and the University of Waikato,
were organised to undertake speatiiecnponents of the study. The results of the
study were expected to provide a basis for the-teng management strategy of
Tauranga Harbour (Barnett, 1985). The study was completed in four main stages,
including a field data collection programme, hydroatyrnc modelling, sediment

transport modelling, and a morphological investigation.
3.3.1 Field programme

Data collection for the Tauranga Harbour Study was undertaken from June to

September 1983. Major components included hydrographic soundings, tide gaug
measurements, vertical current velocity profiles, continuous current

measurements, drogue tracking, sediment sampling and underwater photography

of the seabed at 290 sites, suspended sediment sampling, grain size and settling

velocity analysis, sidecansonar surveying, continuoussbhbot t om Auni boomo
sediment seismic profiling, aerial photography, and climate records of wind and

rainfall (Healy, 1984). The data was used in calibration and verification of

numerical models, as well as providing the b&sishe morphological study.
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3.3.2 Hydrodynamic modelling

Hydrodynamic modelling was undertaken by Barnett (1985) using the System 21
(S21) model from DHI. Initial simulations of the entire harbour were performed
using a coarse grid resolution of 30860 m. Output tidal levels from the

calibrated model were used as boundary conditions for an inner harbour model,

termed the PORT model, which used a finer grid resolution of 75 x 75 m.

Fast tidal currents were predicted through the Tauranga Entranckdtqueal,

with a gradual dispersal across the flood tidal delta. No single dominant flood jet
was predicted. Maximum flow was instead concentrated within the Lower
Western and Cutter Channels (Barnett, 1985). Predicted flood current velocities
were weak wthin Pilot Bay (<0.1 m:%) and across the shallow areas of Centre
Bank (<0.25 m.$) (Barnett, 1985).

Strong peak ebb currents were predicted through the Tauranga Entrance and the
Lower Western and Cutter Channels. Discharge from the Western Chasnel wa
diverted through one of two pathways; either through the Lower Western Channel
or through a combination of the blind channel at the sea#ttern limit of Centre
Bank, the Maunganui Roads Channel, the Cutter Channel, and to a lesser extent,
Pilot Bay (Banett, 1985). Weak current velocities were predicted across the flood
tidal delta.

3.33 Sediment transport modelling

Black (1984) performed the first sediment transport modelling of Tauranga
Harbour using his own 2SS model. The aim was to investjggt and present
sediment transport patterns, particularly within the Western Channel. The results
from the S21 model provided the hydrodynamic basis for sediment transport
modelling. Black (1984) also conducted hydrodynamic simulations using his own
2DD model and made comparisons with the S21 model results. Neloadal
sediment transport within the major pathways was obtained from sediment

transport fluxes predicted using 2SS.

Two major sediment reirculating loops were identified, similar toetipattern
proposed by Davie€olley (1976). A conceptual model of the sediment transport
pathways is displayed in Figure 3.2 and a plot of residual velocity vectors is
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displayed in Figure 3.3. Sediment was transported southward across Centre Bank,
before averting into either an anticlockwise or clockwise rotating loop. Sediment
transported within the anticlockwise loop returned to the Tauranga Entrance
through the Maunganui Roads Channel, the Cutter Channel, and Pilot Bay.
Sediment transport rates withimg pathway were relatively small, between
10,000i 30,000 nilyear (Black, 1984). Sediment within the clockwise loop was
transported across the western region of Centre Bank, westwards through the
channel linking the Otumoetai and Upper Western Chanmeds,edurned via the
Lower Western Channel. At the terminus of the Lower Western Channel, most
sediment was transported back onto Centre Bank, remaining within the loop. In
contrast to Davie€olley (1976), the clockwise loop was predicted to transport
significantly more sediment. Sediment transport rates of 85,b,000

m>/year were predicted in the Lower Western Channel (Black, 1984).

3 HAK
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Figure 3.2: Sediment circulation patterns in the inner harbour of the southern basin. Source: Black (1984).
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Figure 3.3: Residual velocityectors for the inner harbour of the southern basin. Vectors are scaled to a
spring tidal rangef 1.90 m and threshold velocity of 0.3 m*svasapplied. Source: Black (1984).

Tidal currents and sediment transport in the Stelts&ge were expected to be
altered by the capital dredging programme. Residual currents were predicted to
become ebb dominant adjacent to Sulphur Point and flood dominant on the east
side of the Stella Passage (Figure 3.4). The impact was negligible afttee
dredged basin. An accretion rate of 10,0(D,000 ni/year was predicted at the
southwestern corner of the Stella Passage (Figure 3.5) (Black, 1984).
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Black (1984) also performed simulations using additional historical bathymetries
and concludethe morphological changes were mainly tidally induced and a

natural development as the estuary adapts to its own bathymetry adjustments.
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Figure 3.4: Residual velocitywectors for the Stella Passage and Town Reach for a 1970 bathymetry (left),
1983 (mddle), and after completion of the dredging programme (right). Vectors are averaged over a complete
tidal cycle and scaled tospring tidal rangef 1.90 m. Athreshold velocity of 0.3 m’swasapplied. Source:

Black (1984).
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Figure 3.5: Bed level changfor the Stella Passage and Town Reach for a 1970 bathymetry (left), 1983
(middle), and after completion of the dredging programme (right). Modelling was undertaken for a spring
tidal range. A medium sand grain size was assumed throughout the modaethaigp daccretion is dotted

and erosion is striped. Source: Black (1984).

3.34 Morphological study

Healy (1984) used sidgcan sonar data to define seabed sediment facies and
identify sediment transport pathways in the Southern Harbour and on theabb tid
delta. Additional field data was used to confirm and interpolate, where required,
the sidescan sonar results. Nine major sediment facies were identified including
shell lag (>80% seabed shell coverage), very shelly sands§@ coverage),
shelly sads (20i 50% coverage), rock outcrop, strongly developed megaripples
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and sand waves, poorly developed megaripples, clean or lightly rippled sands,
silty sands, and a gravel, cobble, and boulder category (Figure 3.6).
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Figure 3.6: Seabed sediment facieamfor the Stella Passage and Town Reach. Source: Healy (1984).

Healy (1984) also discussed compatibility of numerical modelling results with the
observed morphology of Tauranga Harbour. The hydrodynamic and sediment

transport models generally displayeddagreement with the bedform patterns
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identified. The bedform areas represented active sediment pathways, with shell
lag associated with areas of fast current velocity (Healy, 1984).

34 WAVE CLIMATE AND SEDIMENT TRANSPORT IN VICINITY
OF PILOTY BAY 1 1988

The wave climate within the harbour and the influence of waves in entraining and
transporting sediment were investigated by de Lange (1988). Waves recorded
within the harbour were present as shp@tiod waves, such as wind generated
waves, and longeriod waves, such as seiches. Sediment transport induced by
wave action in Tauranga Harbour is predominantly restricted to shallow intertidal
areas and is low in the absence of tidal currents. Orbital velocities associated with
shortperiod waves are caple of entraining sediment to depths of 2 m below the
still water level (de Lange, 1988). The annual sediment flux due to wave action
was estimated at approximately 60,008ymar, which was relatively low

compared with the overall sediment flux (de Lant@88). A suHittoral sediment
facies distribution map was also developed based on sediment sampling from sites

in the Cutter Channel and Pilot Bay.

de Lange (1988) compared current velocity measurements in Pilot Bay against
predictions from physical medling by the Hydraulics Research Station in 1963
and hydrodynamic modelling by Barnett (1985). Measurements indicated flow
patterns in Pilot Bay are dominated by an eddy, with flood dominance in the
Cutter Channel and ebb dominance in the channel thidigfhBay. The eddy
causes long period ebb currents of betweerd 8 hours within Pilot Bay (de
Lange, 1988).

3.5 ENVIRONMENTAL IMPACT ASSESSMENT FOR THE
CAPITAL DREDGING PROGRAMME 1 1991

Healy, McCabe, and Thompson (1991) predicted the hydrodynamic and

mor phodynamic i mpacts on the harbour by the
deepen and widen the major shipping channels. The S21 hydrodynamic model

from the Tauranga Harbour Study waswe by Bell (1991). Hydrodynamic

results from the simulation with thexisting bathymetry (Figure 3.7) were

compared against results from the simulation with the proposed dredging depths
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(Figure 3.8). Healy et al. (1991) also analysed the sediment stratigraphy of the
proposed dreging areas by reviewing borehole data. A core retrieved from the
northern end of the Stella Passage contained cohesive silt with shells, while a
second core contained pumice sand and gravel, with some silt. Sediment dredged
from this area was consideredsuitable for dumping offshore of Mount

Maunganui.

3.6 CAUSES AND REMEDIES FOR SHORELINE EROSION
FRONTING THE WHAREROA MARAE 1 1994

Healy (1994) investigated the cause and extent of erosion along the shoreline in
front of the Whareroa Marae and suggegtessible remedies. A field inspection
identified sand accumulation at the northern end of the beach (Figure 3.9). The
northerly movement of sandwave bedforms and accumulation of sand behind
debris on the intertidal flats suggested littoral drift was éortbrth. Erosion in

front of the marae was indicated by a lowering of the beach, verticbhcutof

the grassed dune, and a surficial residue of black titanomagnetite on the upper
beach. South of the marae, additional symptoms of erosion included a beach
surface composed of coarser shelly sediment, inundation of the intertidal flat with
sand eroded from the beach, and dune face vegetation collapsing forward (Figure
3.10).

A volumetric analysis of beach profiles surveyed between 19803 was
undertakerby Healy (1994) to quantify morphological change. Results suggested
accretion along the beach in the northern region was balanced with erosion from
the beach further south, while the entire intertidal flat area displayed erosion
(Healy, 1994). A net annualerage loss of 113%¥year of sediment was recorded
(Healy, 1994).

Healy (1994) attributed wind generated wave action as the cause of sediment
erosion from the beach face in front of the marae. Eroded sand is transported
offshore, over the intertidiflats. Littoral drift transports the eroded sand
northwards towards the Aerodrome Bridge. Prior to causeway construction, this
sand would normally move back onshore or be replaced with sediment from the
intertidal flats (Healy, 1994).
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Figure 3.9: Sandaccumulation at the northreend of the beach has resultediwider beach face. Source:
Healy (1994).
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Figure 3.10: Sand erosion south of the Whareroa Marae was indicated by retreat of the dune face, vegetation
collapsing forward, and heavy mineral dsjis on the upper beach face. Source: Healy (1994).

Flow patterns were interpreted from the hydrodynamic modelling results in the
Tauranga Harbour Study and by Bell (1991). The causeway induced stronger ebb
tidal currents in the vicinity of the Whareroa&nel (Figure 3.7) (Barnett, 1985).
The capital dredging programme induced stronger flood tidal currents south of the

Aerodrome Bridge (Figure 3.8), which may have enhanced deposition adjacent to
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the causeway and resulted in the development of a floaldddta (Healy, 1994).
No strengthening of the northward littoral drift toward the Aerodrome Bridge was
predicted. Any increase in beach erosion in front of the marae is not associated

with the capital dredging programme (Healy, 1994).

3.7 MORPHOLO GIC CHANGES OF THE TIDAL DELTAS DUE TO
DREDGING 1 1997

The impact of the capital dredging programme on hydrodynamics was also
investigated by Mathew (1997). Hydrodynamics were simulated for a post
dredging bathymetry using the S21 model and compared witart velocity
measurements near the seabed. Results suggested the dredging programme had
increased current velocity in the Lower Western Channel near Panepane Point and
increased flood velocity in the Cutter Channel. Peak velocities decreased at the
northern section of the Cutter Channel, at the Tauranga Entrance near the Tanea
Shelf, and along the Sulphur Point Wharf.

Model simulations were also run using historical bathymetries. Volumetric
calculations and crossection analysis were used to quantifyrphological
change and sediment transport rates were determined using theoretical
calculations. An enhanced west to east flow across the flood tidal delta was

predicted to increase deposition on the eastern side (Mathew, 1997).
3.8 SEDIMENTATION IN THE E NTRANCE CHANNEL 7 1999

Kruger (1999) investigated sediment patterns in the vicinity of the Entrance
Channel and suggested causes of sediment deposition. The Entrance Channel was
surveyed using an acoustic Doppler current profiler for a 14 hour period. An
anticlockwise rotating eddy was identified to the west of the Entrance Channel,
while a clockwise eddy was located north of Mount Maunganui. Residual currents

were ebb dominant to the west and flood dominant to the east.

Surficial sediment samples fronmetfiEntrance Channel and delta systems were
collected and analysed. A sidean sonar survey was also undertaken to identify
sediment transport pathways. A sediment facies map of bedform patterns was
created from the sonograph and diver observations. K(1§68) suggested

longshore drift along Matakana Island was responsible for sediment movement
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onto the ebb tidal delta, with wave action and tidal currents causing sediment
transport east toward the main ebb channel. Wave refraction was responsible for
the easterly migration of the crescent shaped sand bar, which extends from the

Matakana Bank and causes accretion in the Entrance Channel (Kruger, 1999).
39 TAURANGA HARBOUR SEDIMENT SURVEY i 2003

Park (2003) collected information on sediment particle s@etaminants, and
nutrient and organic content throughout Tauranga Harbour. A surficial sediment
survey was undertaken between 20@003 to determine where fine sediment

was settling. A total of 392 sites were sampled, with a preference for sheltered
subestuary locations. Particle size analysis was performed on the collected
samples. Results were presented as the percentage sediment content of gravel,
sand, and mud for each sample. Maps were produced displaying the percentage
mud content by defined intaals (Figure 3.11). The percentage of area in Waipu
Bay covered by each mud content interval is displayed in Table 3.1. The average
mud content of Waipu Bay was relatively low at 7% (Park, 2003). The overall
muddiest areas of Tauranga Harbour were localigty the western margin of

small subestuaries between the Katikati and Te Puna estuaries (Park, 2003).
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Figure 3.11:Percentage mud content feamples collected iwaipu Bay. Sampling locations are indicated
by red circles. Source: Park (2003).
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Table 3.1: Percentage area Waipu Baycoveredby each mud content intervaVaipu Bay has an area of
approximately 1.78 kfaSource: Park (2003).

Mud content (%) Area (%)
2.5 34

7.5 51

15 15

35 0

75 0

3.10 SOUTHERN PIPELINE PROJECT i 2007

URS New Zealad Ltd was contracted by Tauranga City Council to construct a
wastewater pipeline across the harbour near the existing Matapihi Railway
Bridge. Various designs were considered including construction of a second
bridge, upgrade of the existing Railway Bred@r installation of a submarine
pipeline. Specific components were undertaken bycsuisultants, including
numerical modelling by Atrtificial Surfing Reefs (ASR) Ltd (Black et al., 2007)
and a benthic ecological assessment by the Cawthron Instituted(@n&dClark,
2007).

Black et al. (2007) predicted the physical environmental impacts of pipeline
construction on the estuary and suggested approaches to minimise the impact. A
total of 64 surficial sediment samples were collected for particle size andlysis
results were used to produce a median grain size distribution map (Figure 3.12).
In the east to west direction, coarse sands were present in the intertidal area,
medium sands within the main channel, and coarse to very coarse sands on the
western sid (Black et al., 2007). Underwater video observations identified shell

lag within scour areas induced by the bridge abutments.

Numerical modelling was performed using the 3DD modelling suite; consisting of
3DD for hydrodynamics, WGEN for wave conditioR)L3DD for sediment
transport, and POL3DD_RSM for long term sediment transport. Predicted peak
current velocity exceeded 0.9 Msear the Railway Bridge (Black et al., 2007).
Predicted significant wave heights were low throughout the model domain for a
simulation of wind speeds of 4.7 rit.from the southwest (Figure 3.13). The
maximum net sediment transport predicted near the Railway Bridge was relatively
low at 20,000 rifyear (Black et al., 2007). Historical photographs and
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bathymetries from the areéiaoterest indicated the estuary is in a state of dynamic
equilibrium. Morphological features moved dynamically, although overall

remained in the same position and condition (Black et al., 2007).
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Sneddon and Clark (2007) assesseemtal impacts of pipeline construction on

the intertidal and subtidal benthic zone near the Railway Bridge. A component of
the study involved collection of surficial sediment samples. Subtidal samples
typically consisted of medium to coarse sands, wigheael fraction of mostly

shell fragments. Silt and clay fractions were low in all samples. Grain sizes for

intertidal areas generally varied between fine, medium, and coarse sands.
3.11 TAURANGA HARBOUR INUNDATION LEVELS 1 2008

Tonkin & Taylor Ltd assessl extreme inundation levels in Tauranga Harbour for
50 and 100 year return period storm events (Shand, 2008). Hydrodynamic
modelling was undertaken using the DHI MIKE 21 Hydrodynamic (HD) module.
A 50 x 50 m grid resolution regional model was establisioa@ring the entire
harbour. A 10 x 10 m grid resolution local model of the s@atstern region of

the harbour was nested within the regional model. Hydrodynamic modelling was
coupled with wave modelling using the DHI MIKE 21 Nearshore Spectral Wave
(NSW) module. Shand (2008) primarily focused on reporting the predicted
inundation levels for extreme storm events, rather than discussing the
hydrodynamics and wave conditions of Tauranga Harbour in detail. Nevertheless,
description of the model sap, calibation, and verification processes provided a

useful approach for numerical modelling in this study.

3.12 CHANGE IN HYDRODYNAMICS, GEOMORPHOLOGY, AND
SURFICIAL SEDIMENT AT THE TAURANGA ENTRANCE 1 2009

Brannigan (2009) investigated changes in flow pastemorphology and surficial
sediment at the Tauranga Entrance and nearby delta systems. Hydrodynamic
simulations were run using historical bathymetric charts from 1852 to 2006. Flow
patterns displayed minimal variation in the Stella passage before 19véveto
current velocities decreased in the Stella Passage after completion of the capital
dredging programme, due to increased water depths. Construction of the Tauranga
Harbour Bridge and the associated causeway increased current velocity through
Town Reah. Simulation of the 2006 bathymetry resulted in the peak flood and
peak ebb current velocity vectors displayed in Figures 3.14 and 3.15 respectively.
Residual velocity vectors from the 2006 bathymetry simulation were similar to
sediment circulation pattes predicted by Black (1984) (Figure 3.16).
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Chapter Three 41



MATAKAN

Figure 3.16: Comparison of spring tide residual distances (red arrows) with the net total load sediment
transport circulation (black arrows) from the Tauranga Harbour Study. Source: Brannigan (2009).

A suficial sediment grain size and shell coverage map was produced for the
Tauranga Entrance and delta systems using the sonograph frorrseasidsnar

survey (Figure 3.17). Sediment was classified as rock, medium sand, fine sand, or
very fine sand based qrarticle size analysis of sediment grab samples.

Underwater video was used to estimate the percentage of surficial shell coverage.
The Stella Passage seabed consisted of very fine sand and displayed minimal shell
coverage. Changes in surficial sedimert ahell coverage were discussed by
comparing historical maps produced by the Tauranga Harbour Study (Healy,

1985) and Kruger (1999).

3.13 TAURANGA HARBOUR SEDIMENT STUDY 1 2009

Environment Bay of Plenty (EBoP) engaged the National Institute of Water and
Atmosphere (NIWA) to undertake a seabed sediment study (Hancock et al., 2009)
and a sediment transport modelling study (Prtichard & Gorman, 2009).
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Figure 3.17: Surficial sediment igin size and shell coveraf@ the flood tidal delta and major innerrbaur
channels. Source: Brannigan (2009).

3.131 Seabed sediment study

Hancock et al. (2009) collated sediment statistics, grain size data, and sediment
accumulation rates from previous studies of Tauranga Harbour. The compilation
of sediment data provideh overview of seabed composition and information for
the modelling component. Almost all sebtuaries displayed mean grain sizes
between 0.125 0.5 mm, which is equivalent to fine to medium sand, and poor to
very poor sorting (Hancock et al., 2009)n8&omposition in the suéstuaries
predominantly exceeded 70%, with the gravel component generally <5%
(Hancock et al., 2009).

Sediment cores were obtained from variousesiparies and were used to
determine rates of sediment accumulation. The asegs radioisotope dated and
x-rayed. Sediment accumulation rates varied betweeni QL7 mm/year, which
is relatively low compared with other estuaries on the east coast of the North
Island (Hancock et al., 2009).
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3.13.2Sediment transport modellingstudy

Pritchard and Gorman (2009) used numerical models to predict sediment dispersal
and deposition. The models used included the DHI MIKE 3 Flexible Mesh (FM)

HD module for hydrodynamics, the Simulation WAves Nearshore (SWAN)

model for waves, and the DMIKE 3 FM Mud Transport (MT) module for

sediment transport. A range of different scenarios were simulated including
various tidal levels, rainfall (baseline, median, high), wind directions, wave fields,

storm conditions, sediment grain sizes, and sedismnte input rates.

The impact of wind generated waves, for both exposed and sheltered locations
within the harbour, was negligible relative to tidal currents. Significant wave
heights were <0.2 m and wave orbital velocities were weak (Pritchard & Gorman
2009). Simulations indicated suspended sediment concentration levels and
deposition were strongly correlated with tidal conditions and sediment discharge

rates from major freshwater sources (Pritchard & Gorman, 2009).
3.14 MORPHODYNAMIC MODEL E VALUATION 1 2010

Kwoll (2010) developed a morphodynamic model of Tauranga Harbour using the
Delft3D modelling suite, which consisted of a hydrodynamic module and a
sediment transport module equipped with morphological update. The model was
also coupled wit a SWAN wave model. Sensitivity analysis was conducted using
different grain sizes. Erosion was predicted to primarily occur in the major
sediment transport pathways and was lower in simulations with larger grain sizes

(Kwoll, 2010). Minimal sediment traaport was predicted on the intertidal flats.

Theoretical approaches were used to determine the smallest grain size deposited in
average hydrodynamic conditions and analyse the deposition of specific grain size
fractions under different forcing conditior’s spatial distribution map of the

mean grain sizes predicted to deposit was overlaid on thestulrries delineated

by Hancock et al. (2009) (Figure 3.1Beposition on the intertidal flats was

generally limited to fine grain sizes (<35fM), as weak current velocities unable

to transport larger particles to these areas (Kwoll, 2010). The inner harbour was
dominated by coarser sediment (>3%0). Modelling outputs demonstrated the

ability of the model to estimate surficial sediment graes
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3.15 TAURANGA BRIDGE MARINA BREAKWATER
HYDRODYNAMIC MODELLING 1 2010

Various breakwater designs along the northern boundary of the Tauranga Bridge
Marina were modelled by Senior (2010). Hydrodynamic modelling was
undertaken usinthe DHI MIKE 21 HD module for spring tide conditions. The
recommended design was a rock breakwater connected to the marina causeway.

Selection of this design was based on the modelling results, which predicted;

a substantial reduction in fast current véies through the marina,
mi ni mal o6jetd flows of fast current v
and generating dangerous currents for vessel navigation, and

1 minimal increase in current velocity beneath the Aerodrome Bridge.

Peak flood and peak blzurrent velocities are displayed in Figures 3.19 and 3.20

respectively.
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The recommended breakwater design diverted flow through the main channel to
the west of the marina. Fast current velocities exceeding 1were generated

for up to 40 m beyond the western tip of the breakwater (Senior, 2010). Predicted
changes in @ak current velocity are displayed in Table 3.2 for the main channel
and in Table 3.3 for beneath the Aerodrome Bridge. The maximum current
velocity predicted in the main channel was 1.11'miThe breakwater directed
increased flow beneath the AerodroBr&dge during both tides, although the

results suggested current velocities would not increase substantially from existing
conditions (Senior, 2010).

Table 3.2:Predicted peak current velocities within the main channel

Tidal state Approximate Existing current  Current velocity
location relative  velocity (m.s) with breakwater
to breakwater (m.sh)

Flood 100 m south 0.69 0.88

Ebb 300 m north 0.80 1.11

Table 3.3:Predicted peak current velocities beneath the Aerodrome Bridge.

Tidal state Existing current Current velocity with
velocity (m.sh) breakwater (m.s?)

Flood 0.80 0.86

Ebb 0.72 0.84

3.16 HYDROGRAPHIC SURVEYING AND BENTHIC HABITAT
CHARACTERISATION 1T 2012

Boulay (2012) investigated the impacts of various construction projects on the
sedimenology of the Stella Passage and northern section of Town Reach. A
hydrographic survey was conducted with a multibeam echosounder arstaide
sonar. Multibeam echosounder data was used to develop a fine 0.5 m resolution
bathymetry. A sediment distributianap was created from Angular Response
Analysis of the multibeam echosounder data (Figure 3.21). This prodesses

on the dependence of backscatter intensity to an acoustic Auembination of

the backscatter and imagery from the hydrographiceygrwere used to create a
benthic habitat map of different seabed types (Figure 3.22). Ground truthing of the
benthic habitat map was achieved through comparisons with particle size analysis
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of samples collected from a sediment survey (Figure 3.23) alidceherage
identified from an underwater video survey (Figure 3.24). The various maps were
compared with results of previous studies to identify changes caused by dredging

the Stella Passage and construction of the marina and Tauranga Harbour Bridge.

Resuts indicated the Stella Passage seabed was dominated by fine sand, with
deposits of very fine sand adjacent to the Sulphur Point Wharf (Boulay, 2012). A
wide area of shelly fine sand was located at the north end of the Stella Passage.
Town Reach was domaited by a large area of shell lag, which was surrounded
with rippled sand (Boulay, 2012). The shell lag area appeared to have expanded
since the Tauranga Harbour Study in 1983, which was attributed to narrowing of
the main channel by construction of theufi@anga Harbour Bridge and the
associated causeway (Boulay, 2012). The seabed beneath the marina generally
consisted of fine sand. A section of shelly fine sand extended from the mouth of

the Whareroa Channel.

3.17 CIRCULATION, SALINITY, AND TEMPERATURE PAT TERNS
OF THE SOUTHERN HARBOUR 7 2013

Tay et al. (2013) simulated hydrodynamic conditions in the Southern Harbour
using the Estuary, Lake and Coastal Ocean Model (ELCOM). Circulation,
temperature, and salinity patterns were discussed and the influenc®mo$va

wind conditions were characterised (Figure 3.25). A weak salinity gradient within
the estuary was identified, which varied with tidal conditions. However, this
intensified with large freshwater input and was primarily influenced by discharge
from theWairoa River (Tay et al., 2013). Residence times were low near the
Tauranga Entrance and within exposed-estuaries. Residence times increased
with increasing distance from the entrance and were high feestularies with

narrow entrances.
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Figure 3.23:Surficial sediment distributiodeveloped fronparticle size analysis of sediment Figure 3.24: Surficial shell coverage developed from analysis of underwater video. Video
samples. Sample locations are represented by black circles. Source: Boulay (2012).

50

Tauranga Harbour: Sediment Types

Legend
- Seament Samping Locations
- Sty Vary Fine Sand
- Sity Fave Sand
Fine Sand

frd 1 Medun Seed

[ -

450 600

Tauranga Harbour: Shell coverage derived f

from underwater videos

75 150

Legend

. Video Locations
B o <20
Shely Sand 20-50%
I very Shelly Sand 50-80%

B shevLag ~20%

300 450 Ss00

Mete|

locations are represented by black circigsurce: Boulay (2012).

Chapter Three




13—

12.-‘ (A

P

11 i

|
p o

10 &
E gt
-~ \\\\
@ oliie,
® o\ 1

g g_\,\(
@© 7%\

-~

k7] Vo
o sl

Distance (km)

Figure 3.25 Modelled residual current velocity vectors for the Southern Hardreundicated by grey
arrows. Circles with arrows represent measured residual current velocity. Grey shading represents water
depths, with solid iy denoting landSource: Tay et al. (2013).

Chapter Three 51



3.18 CONCLUSION

A literature review of previous research on the hydrodynamics, waves, sediment

dynamics, and morphology of Tauranga Harbour was undertaken in this chapter.

The review focused on thregion encompassing the Stella Passage, Town Reach,

and Waipu Bay. Important points from the reviewed studies are summarised

below:

52

The capital dredging programme completed in 1992 altered residual
currents in the Stella Passage. Residual currents bedta@madominant
adjacent to Sulphur Point and flood dominant on the east side of the
channel. Residual velocity decreased due to increased water depths.
Construction of the Tauranga Harbour Bridge and associated causeway
increased current velocity throughwio Reach.

The recommended marina breakwater design was predicted to divert flow
west of the marina and substantially reduce current velocity through the
marina. However, predicted maximum current velocity in the main
channel increased from 0.80 to 1.11 ™A jet of fast current velocity

was generated off the western tip of the breakwater.

Significant wave heights predicted within the harbour were <0.2 m for
non-storm conditions.

Sediment transport induced by wind generated waves was predominantly
limited to the intertidal flats and was low in the absence of tidal currents.
The most recent survey of the Stella Passage indicates the seabed is
dominated by fine sand, with a broad area of shell at the northern end.
Town Reach is dominated by a shelldad area, which has expanded

since construction of the Tauranga Harbour Bridge and marina causeway.
Surficial sediment beneath the marina predominantly consists of fine sand.
Mean grain sizes in the sudstuaries of Tauranga Harbour are mostly
equivalent o fine to medium sand. Sand content predominantly exceeds
70%. The average mud content in Waipu Bay is 7%.

Sediment transport primarily occurs in the major shipping channels, with

minimal sediment transport on the intertidal flats.
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1 The net direction of siment transport is largely determined by residual
currents.

1 Wind generated waves were identified as the cause of erosion in front of
the Whareroa Marae. Littoral drift transports eroded sediment northwards,
which has resulted in accretion at the northesrd of the beach.

Construction of the causeway induced stronger ebb tidal currents in

vicinity of the Whareroa Channel.
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CHAPTER FOUR
HYDRODYNAMIC MODELLING REGIONAL

4.1 INTRODUCTION

The development of a numerical model was required to simulate the
hydrodynamics of Tauranga Harbour at a regiaecale. This chapter will outline

the overall modelling approach of the study, detail the available field data,
describe the model parameters, justify theugedf the model through sensitivity
analysis, assess model performance through calibration afidatem, and

provide discussion of modelling results. The hydrodynamics of Tauranga Harbour
have been discussed in detail by previous studies (Chapter Three). Therefore, this
chapter will only briefly discuss the overall hydrodynamic patterns in Tauranga
Harbour. The primary objective of this chapter was the development and
successful calibration and verification of a regional model, which would provide

the basis for further numerical modelling in subsequent chapters.
4.2 ESTUARY HYDRODYNAMICS

Oceanograpers widely define an estuary using the original definition proposed

by Pritchard (1967and latemodified later by Tomczak (1996)ho stated that

Afan estuar y -enslosedcoastal bodywf water ehich has a free
connection with the ocean satleast intermittently and within which the salinity

of the water is measurably different frol
Circulation within estuaries is generally twlomensional (2D) and predominantly
forced by the horizontal pressure gradientegated by density differences in

salinity along the estuary (Tomczak, 1996). Salinity is generally low where a river
flows into the estuary and is the same as the ocdéae astuary entrance. Estuary
circulation is influenced considerably by the tidel éime inflow of freshwater

(Pinet, 2006). River inflow of sufficient volume stratifies the water column into
two layers; less dense and less saline freshwater on the surface overlies more

dense and more saline seawater underneath.

Salt is transferred intthe freshwater layer by turbulent mixing (diffusion) or

entainment. Entrainment is thggpward movement of mass and salt caused by
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strong current shear at the boundary between the freshwater and saltwater layers
which creates breaking internal waves (Taak, 1996). The tide causes mixin
between the freshwater and saldter layers. Large tidal volume in comparison

with river inflow reduces stratification of the water column. Other environmental
factors, such as wind, magnsiderably influence estuaciyrculation temporarily
(Tomcz&, 1996). Measurements frooonductivity, temperature, and depth

(CTD) instrumentsleployed in Tauranga Harbolave observed a weakly

stratified or vertically welmixed water column (Pritchard & Gorman, 2009). A
previous stug conducted byray et al. (2013)lassified Tauranga Harbour as

A w entixed in main basin but upper reaches of arms are characterised by

stratification and salt wedgeso (p. 3).
4.3 MODELLING APPROACH

The study conducted numerical modelling using th&B121 modelling suite,

which was developed by the Danish Hydraulic Institute (DHI). DHI software is
used worldwide and MIKE 21 has been used extensively for marine engineering
projects. Typical application areas include hydrodynamics, waves, sediments and
water quality. Due to the relatively shallow bathymetry pretiominantly weakly
stratified toun-stratified conditions in Taurga Harbour, 2Dnodelling was

considered appropriate. The following MIKE 21 modules were used in the study:

1 Hydrodynamic (HD)modulei To simulate currents and water levels
1 Nearshore Wave (NSW) moduléeTo predict wave conditions

1 Sand transport (ST) moduleTo simulate sediment transport

Hydrodynamic modelling was completed in two stages. A large scale regional
model of Taurang Harbour was developed in the first stage. In the second stage,
a fine grid resolution locacalemodel was developed for the area covering the
Stella Passage, Town Reach and Waipu Bay. The regional model is discussed in
this section of the study, whitbe local model is presented in Chagtare. The
purpose of the regional model was to numerically represent the hydrodynamic
conditions of Tauranga Harbour as accurately as possible, while maintaining
practical simulation run times. Model outputs extrddtem the regional model

were subsequently used as boundary conditions for the local model and provided

the hydrodynamic basis for wave méutgy (Chapter Six)
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Development of the regional mdgeogressed througinree stages of

experimatal simulationss described bwinter (2007) During the first stage,
sensitivity analysis, selected input parameters were varied within realistic limits to
determine how these parameters influence model results. The extent of change
observed in model results aided tentification of parameters which could be

used in calibration. The model was calibrated by adjusting the value of specific
parameters to attain the closest agreement between predicted model results and
synthesised tide gauge data. During the final stzajigrated model results for

spring and neap tide conditions were verified againat gauge data recorded at

various locations throughout Tauranga Harbour.
4.4  FIELD DATA
4.4.1 Bathymetry

Sources of bathymetric data included hydrographical chrarts Land

Information New Zealand (LINZ) and survey data cdegpby the Port of
Taurangawhich was made available via Tonkin & Taylor. The bathymetric
surveys were undertaken betwe&f®1 and 200&long runlinesof 2 m
resolutionand runline spacing arying between 3 m and 100 m depending en th
surveyed area (Shan2i008). The survey data covdran extensive area within

the Southern Brrbour including Pilot Bay, Cutter ChaginCentre Bank,

Maunganui Channgbtella Passage, Town Reach, Otumoetai Gélaand Lower
Western Channel, as wel the area immediately offshore of the harbour entrance
including the Entrance Channel and Matakana Banks (Figure 4.1).
Hydrographical charts applicable to the study were NZ 5411 and NZ 5412. Both
charts were origially published in 1993with a new edition published in 2004

and several minor corrections made over the following years.
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Figure 4.1: Bathymetric data surveydsy the Port of Taurandsetween 2001 and 2006 overlaid on a small
section of LINZ hydrographal chart NZ 5411. The survey data and legend scale are in Moturiki Datum
while the spot depth and contour numbers are to Chart D&ounce: Shand (2008).

4.4.2 Tide gauges

Sea level data was available at six different locations, five within Tauranga
Harbour and one outside the harbour entrance. The Port of Tauranga maintains
tide gauges within the harbour at Tug Berth and Sulphur Point and one tide gauge
outside of the harbour at A Beacon. The Bay of Plenty Regional Council

(BOPRC) maintains several tigauges within the harbour at locations including
Hairini, Oruamatua, and Omokoroa. The locations of the tide gauges are shown in
Figure 4.2 and their coordinates in New Zealand Transverse Mercator (NZTM)
are listed in Table 4.1. The tidal record for 201dswbtained for each of the tide
gauge stations mentioned.
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Table 4.1 Coordinates of tide gauge locatiandNZTM.

Tide gauge Easting Northing

A Beacon 1880600.0 5833667.0
Tug Berth 1880690.0 5829250.0
Sulphur Point 1880000.0 5826610.0
Hairini 1879010.5 5820867.5
Oruamatua 1882444.9 5822690.4
Omokoroa 1868629.8 5827518.8

4.4.3 Wind and pressure

Meteorological data from the Nahal Climate Database was available via the

CliFlo website, which is maintained by the National Institute of Water and

Atmospheric Research (NIWA). Hourly wind and pressure data was obtained

from the Tauranga Aero\AS (Tauranga Airport) station for therpe January

1995 to December 2011. The station is located approximately 4 m above mean sea

level (MSL).
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Analysis of the 17 years of available wind data found the average wind speed to
be 4.0 m.3 from 203° True North. During this period, wind speadse typically
less than 6 m:sand rarely surpassed 10 th(&igure 4.3). The predominant wind
direction was west to southest (Figure 4.4 and Figure 4.5). Cold fronts moving
rapidly east across New Zealand are responsible for thmmoarmccurrence of

west to souttwest airflows (de Lange, 1988). Airflows from the west to south
quarter accounted for 46% of all wind recorded with a relatively even distribution
from the remaining quarters (Table 4.2). The 1% annual exceedance wind speed
was 10.8 mSwith 79% of these winds occurring from west and veestthwest
sectorsAirflows from the north sector accounted for 8% of the rdedrwind

data although generalbnly produced mderate wind speeds of 6 m.s".
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Figure 4.3 Histogram of wind speed datecorded at Tauranga Airport 1992011.
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Figure 4.4 Histogram of wind direction data recorded at Tauranga Airport 1298 1. Wind direction was
binned according to approach sector.
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Figure 4.5: Wind rosediagramproduced from wind data recordatiTauranga Airport 19962011.

Table 4.2 Statistics calculated from wind data recorded at Tauranga Airporti12951. Wind direction
was binned according to approach sector.

Direction bin (° True) Average 10% 1% Data in
speed exceceedance exceedance sector
Min Max (m.sh speed speed (%)
(m.s? (m.s?)
11.3 33.8 3.79 5.70 8.80 4.63
33.8 56.3 3.87 6.20 8.80 4.27
56.3 78.8 4.29 6.70 9.30 4.06
78.8 101.3 4.47 7.70 11.80 4.83
101.3 123.8 3.71 6.20 9.30 4.01
123.8 146.3 3.69 6.20 8.80 4.94
146.3 168.8 2.55 5.10 7.70 2.39
168.8 191.3 2.11 4.10 7.20 4.35
191.3 213.8 2.37 4.10 7.70 7.94
213.8 236.3 3.56 6.20 9.30 12.70
236.3 258.8 5.14 8.80 12.40 12.47
258.8 281.3 5.33 8.80 12.40 14.81
281.3 303.8 4.24 7.20 9.80 3.94
303.8 326.3 3.52 5.70 8.80 4.31
326.3 348.8 3.83 6.20 8.20 3.73
348.8 11.3 4.34 6.70 9.80 7.90
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Variation in barometripressure can alteea levels. A rise in barometjiressure

will cause a fall inlte sea level and vice versa (Sinclair Knight M&@11). A
variation of 1 hPa may produce an approximate chamgea level of 1 cm

(Shand, 2008). The average pressure measured at Tauranga Airport in 2011 was
approximately 1015 hPa. Tlegtreme range of pressure2011was 53 hPa

(Figure 4.6), which may have cadsa maximum sea level change of 0.53 m. A
pressure induced rise in sea level may increase the potential for flooding
inundation of coastal areas during low pressure storm events. Variation in
pressure maglsoaffect wave propagation in shallow water byging water

depths (de Langéd.988).

4.5 TIDAL ANALYSIS
451 Tides

Tides are generated in response to precisely known lunar and solar interactions
with the Earthoés oceans. The tide 1is
(low tide), which may belassified as diurnal, serdiurnal or mixed sernadiurnal
based on frequency and tidal range variability (Pinet, 2006). The alignment of the
Earth, Sun, and Moon every two weeks causes constructive wave interference
resulting in a maximum tidal range knowas spring tide. Neap tides occur when

the Sun and Moon are oriented at an angle of 90° relative to the Earth, which

causes destructive interference and subsequently a minimum tidal range.

Substantial regional variation in tidal characteristics occurgyatoastlines
throughout the world. Progression of the tidal wave around amphidromic points is
altered by the bathymetry and shape of ocean basins. Wave refraction occurs in
the presence of shallow bathymetry, such as continental margins and kEngen
islands (Pinet, 2006Change in the direction of Coriolis deflection between the
northern and southehlremispheres at the equator alsituences tidal progression
(Pinet, 2006)The tidal wave progresses around New Zealand in an anti

clockwise direction iad each tidal cycle has a duration of approximately 12 hours
and 25 minutes. Tides in New Zealand are classified asdiamal as there are

typically two high tides and two low tides each day.
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Figure 4.6 Time series of wind speed, wind directiordamessure recorded at the Tauranga Airport station during Ritilélevation correction has been applied to the wind data. Wind
direction is provided in degrees measured clockwise from True North to the wind source. The pressure data has beeMi@duced to
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4.5.2 Tides in Tauranga Harbour

Tidal level information for Tauranga Harbour is presented in Table 4.3. The
spring tidal range is 1.73 m and the neap tidal range is 1.16 m. The maximum
astronomical tidal range is 2.19 Moturiki Datum (MD) is definedy LINZ as
0.96 m above Port of Tauranga Chart Datum (CD).

Estuaries with narrow entrances are too small for the tide to be influenced directly
by astronomical forcing. Tides within estuaries are influenced by the bathymetry,
shape and width of the estyaThe time required for water to pass through the
narrow entrances of estuaries delays propagation of the tidal wave. The amplitude
of the tidal wave is increased by shoaling in shallow water and constriction of the
estuary width (Tomczak, 1996)his ma introduce variation in the tidal record at
different locations througiut the harbour (ShangD08).The differences in MSL
between A Beacon and the tide gauges within the harbour are presented in Table
4.4.The MSL increased by approximately 0.05 m frofishore of the harbour
entrance to the upper reaches of the harbour, except at Omokoroa where a

decrease of approximately 0.05 m was observed.

Table 4.3 Tidal levels for Tauranga Harbour. Source: LINZ (2012).

Tidal levels Moturiki Datum (m)  Chart Datum (m)
Mean High Water SpringdHWS) 0.92 1.88
Mean High Water Neap8#HWN) 0.66 1.62
Mean Low Water SpringgLWS) -0.81 0.15
Mean Low Water NeapgMLWN)  -0.50 0.46
Spring Range 1.73 1.73
Neap Range 1.16 1.16
Mean Sea LevedMSL) 0.08 1.04
Highest Astronomical TideIAT) 1.12 2.08
Lowest Astronomical TidéLAT) -1.07 -0.11

Table 4.4 Differences in MSL at various tide gauge locations relative to A Beacon for 2011.

Tide gauge MSL (m MD) Difference (m MD)
A Beacon 0.14 n/a

Tug Berth 0.17 0.04

Sulphur Point 0.19 0.05

Hairini 0.18 0.05

Oruamatua 0.19 0.05

Omokoroa 0.09 -0.05
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4 5.3 Tidal constituents

The tide observed at a specific location is the sum of many distinct constituent
tides superimposed. The form of the observed tide is the resuhsfructive and
destructive interference between tidal constituents (Pinet, 2006). Each tidal
constituent has a simple harmonic motion which repeats with a constant period
(LINZ, 2013). The period of different tidal constituents ranges from matde

18.6 years (Shan@008). Theamplitude and phase (time )Jagf each tidal

constituent varies between different locations. The number of tidal constituents
varies between different locations and with the duration of the tidal record. Tidal
harmonic analysis used to determine which tidal constituents are responsible for
influencing the tide at a specific location.

4.5.4 Tidal harmonic analysis

Tidal harmonic analysis was undertakemaotition tidal and notidal energy

from time series of sea levels reded by the tide gauges. The results were then
used to predidboundary conditions for the regional model and assist in
calibrating the model. The analysis was performed using T_TIDE (Pawlowicz
Beardsley, & Lentz2002), a package of routines implementetMATLAB.
T_TIDE examines a time series of observations and automatically selects the
important tidal constituents. A total of 45 astronomical and 24 shallater
constituents are considered by T_TIDE (Pawlowicz et al2R@0minimum
durationof one nonth was necessary torrectly resolve the principalnarsemi
diurnalconstituent (M2) influencing the tide (LINZ, 28\ Time series ofea
levelsrecorded oer a 31 day period at each tide gauge location wsed for

analysis.

The important tidatonstitueis were identified at each tidguge location for
TaurangaQutputs fromT_TIDE analysisare presented in Table 4.5. The major
tidal constituents included the M2, principal solar semidiurnal (S2), and larger
lunar elliptic semidiurnal (N2), witless importance displayed by the lunar
declinational diurnal (O1) and Iwsplar declinational diurnal (K1) constituents
The complete list dfidal constitients can be found in AppendiXThe M2
consttuent was dominant at all tidgauge locations andsplayed greater
amplitude than all the remaining tidal constituents combined. The decrease in
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amplitude of the M2 constituent from 0.72 m at A Beacon to 0.69 m at Tug Berth
suggested some attenuation of the tide through the tidal inlet. The amplitude
typically increased in the upper reaches of the harbour with a maximum of 0.73 m
predicted for Oruamtua. Differences in M2 phase indicatbd tidal wave takes

10 minutes to travel from A Beacon to Tug Berth, 11 minutes to Sulphur Point, 26
minutes to both Hani and Oruamatua, and 32 minutes to Omokoroa.

Table 4.5 Tidal harmonic analysis results fire major tidal constituents in Tauranga Harbdithre phase
lag is relative to th&reenwich equilibrium tide.

Constituent Location Frequency Period Amplitude Phase
(hours)  (m) (°GMT)
M2 A Beacon 0.0805 12.42 0.719 188.97
Tug Berth 0.0805 12.42 0.690 198.68
Sulphur Point  0.0805 12.42 0.713 199.91
Hairini 0.0805 12.42 0.699 214.87
Oruamatua 0.0805 12.42 0.729 214.81
Omokoroa 0.0805 12.42 0.709 220. 5
S2 A Beacon 0.0833 12.00 0.120 267.77
Tug Berth 0.0833 12.00 0.107 281.89
Sulphur Point  0.0833 12.00 0.111 281.79
Hairini 0.0833 12.00 0.099 304.61
Oruamatua 0.0833 12.00 0.106 304.69
Omokoroa 0.0833 12.00 0.098 313.70
N2 A Beacon 0.0790 12.6 0.180 158.28
Tug Berth 0.0790 12.66 0.169 169.57
Sulphur Point  0.0790 12.66 0.176 171.59
Hairini 0.0790 12.66 0.161 188.38
Oruamatua 0.0790 12.66 0.171 188.98
Omokoroa 0.0790 12.66 0.162 194.66
K1 A Beacon 0.0418 23.93 0.035 181.92
Tug Berth 0.0418 23.93 0.035 189.57
Sulphur Point  0.0418 23.93 0.035 179.08
Hairini 0.0418 23.93 0.031 203.87
Oruamatua 0.0418 23.93 0.034 201.38
Omokoroa 0.0418 23.93 0.034 206.40
01 A Beacon 0.0387 25.82 0.014 150.74
Tug Berth 0.0387 25.82 0.013 141.87
Sulphur Point  0.0387 25.82 0.015 139.81
Hairini 0.0387 25.82 0.009 140.87
Oruamatua 0.0387 25.82 0.012 140.93
Omokoroa 0.0387 25.82 0.012 144.71
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The accuracy of the results could have been improved by using a longer time
series of sea levels. Mg long period constituents were not resolved due to the
short time duration. A longer time series may assist the analysis in differentiating
between tidal constituents with similar periods as well as accounting for seasonal

variation in meteorological calitions (LINZ, 2013).
46 MIKE 21 HYDRODYNAMIC (HD) MODULE

The HDmodule is the principal module in the MIKE 21 Flow Model and was
used in the study to simulate tidal hydraulics in Tauranga Harbour. MIKE 21 HD
simulates unsteady 2D flows and is applicdbtevertically homogenous fluid

layers where stratification is negligible (DHI, 2@)2An implicit, finite

differencing scheme is used to numerically solve the vertically integrated
conservation of mass and momentum equations. Model simulations adorc
open water boundariesh¥sical processes within the model domain can be
represented through specification of parameters such as Coriolis, bed resistance,
eddy viscosity, wind, and floaaly and drying water depths. Default model

outputs are water ddpand flux in the spaeeme doman from which surface
elevationand depthaveragd current velocitycan be extracted. Outputs from HD
modelssupplythe hydrodynamic basis for additional MIKE 21 Flow Model

modules, such as wave and sediment transport hradel
4.7 MODEL PARAMETERS
4.7.1 Bathymetry

The first and most important step in-sgt of the regional model was bathymetry
development. LINZ hydrographical charts NZ 5411 and NZ 5412 were digitised
and geereferenced. The hydrographical charts providechplete coverage of
Tauranga Harbour. The primary purpasdnydrographicatharts is to provide
water depths for navigatioMVater depths indicated on the charts may be
shallower than the actual bathymetry in order to gtewionservatism (Shand
2008).The Port of Tauranga survey data was preferentially used in instances
where overlap occurred with the hydrographical charts. This was due to the
conservative nature of hydrographical charts @sdbecause the Port of

Tauranga surveys wetmdertaken ma recently and atfaner resolution.
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The regional model bayimetry extended from Waihi Beaaithe northwest to
Rangataua Bay in the sowtlast. The model domain is presented in Figure 4.7. A
rectangilar model domain is required BJIKE 21 models dué¢o the finite
difference scheme and constant grid spacing in the x and y directions (DHI,
201%). Two open water boundaries were established due to thewestito
southeast orientation of the coastline and the rectangular grid requirements of
MIKE 21. A grid resolution of 25 x 25 rwas selected to provide accurate spatial
coverage in the areas of interest and because simulation rewtoukl be
unacceptable using a finer resolution. The bathymetry was developed actording
NZTM projection and all sdésed and topographical elevations were converted to
MD in the vertical domainNegligible exchange of water occurs between the
northern and southern basimfisTauranga Harbour (Barnett, 8Therefore, it

was feasible to only conduct mhelling for the sothern basinwhere the main

areas of interest in the study were locabéelvertheless, modelling the entire

Tauranga Harbour region extended the scope of the model beyond this study.
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Figure 4.7. Regionalmodel bathymetry.
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4.7.2 Boundary conditions

MIKE 21 HD models are forced at open water boundaries by specification of
either surface elevation or flux. Surface elevation was used as boundary
conditions for all hydrodynamic modelling in this study due to the availability of
sea level data. Flow directiavas always assumed to be perpendicular to the open
boundary and consequently only surface elevation values required specification.
MIKE 21 HD has been designed with the option of specifying surface elevation as
either constant or varying in space alongropeundaries. In the time domain,
surface elevations may be specified as constant or varying as a sine series, time

series or profile series.

Temporal variation of surface elevation at the open boundaries was represented by
either sine series ¢ime seresin this study The sinusidal variation of the M2
constituent was used in sensitivity analysis (Section 4.7) and model calibration
(Section 4.8). The sine series was calculated using Equation 4.1 and is displayed
in Figure 4.8.

WG & 6 V00O GO 'anom ¢ O0E O 3:‘10,9 l”%"z; g 4.1)
WhereN is the time step number andlis the time step. The reference level was
assumed to be 0.08 MD (Tauranga Harbour MSL). The remaining parameters
were obtainedrom the results of tidal harmonic analysis for the M2 constituent at
A Beacon. Time series of sea levelalegcorded by the A Beacon tigauge was
used in model verificatio(Section 4.9) for spring and neap conditions (Figure
4.8). An alternative sprig tide time series was used as boundary conditions in
further modelling (Section 4.10$patial variation of surface elevation was

constant along the boundaries for all hydrodynamic modelling in this study.
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4.7.3 Simulation period

Simulation periods used for hydrodynamic modelimghis sudyrepresented a
range of tidal conditions. Hydrodynamic modelliwgs undertaken using
simulation periods of 72 hours with additional six hour warrup period applied
at the start of each simulation run. During this wanprperiod the boundary
forcingwas progressively increased from zero to full value (281L2b). This
ensured the model results were no longer influenced by the initial conditions (e.g.
initial surface elevation) (Kwoll, 2010). A time step interval of fsexzonds was
selected which mduced a maximum Courant numli¢@r) of 5.3. The Courant
number indicates the number of grid céflatwater levels and fluxes move in a
single time step and is shown in Equation 4.2.

. Y0

° W% 4.2)
Whereci s c e tiesr ittiyme »gs grié gpacaq) ldbwespGoant
numbers reduce model instabilities but increase simulation run times, while higher
Courant numbers reduce simulation times but may increase model itis&bil
(Shand 2008). MIKE 21 HD is capable of operating with a Courant number up to
20, althouglonly if the bathymetry is very smooth (DHI, 20#)2A maximum
Courant number of fives recommended by DHR012b) The Courant number
used in the regional model was slightly higher than the recommended value, but
considerably lower than the upper limihe substantial increases in simulation

run times prohibited the use of lower Courant numbers.
4.7.4 Wind

Wind stress can be included in MIKE 21 HD simulations as a constant value in
space and time, a constant value in space but time varying, org/aryspace

and time. Wind was not included in the sensitivity analysis aliloragon stages,
althoughwas introduced in the verification stage and for further modelling work

in the study. Wind was specified as a time series of speed and directiamn durin
these simulations. The wind speed and direction values varied over time, but were

constant throughout the model domain.
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Wind speed and direction recorded during the different simulation periods are
presented in Figures 4.9 and 4.10 respectively. Wirddpwere predominantly
below the 2011 average of 4.0 thfsr the spring tide periods @0/0220111
23/022011and 28/120117 31/102011 However, during theeap tideperiod

of 05/1720117 08/11¥2011the highest wind speeds exceeded the 10%
exceedace value of 7.2 mis Wind directions were pdominantly from the west
during the28/1020117 31/102011, east during the 05/120117 08/112011,

and variable during the 20/@0117 23/022011
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Figure 4.9 Wind speed time series.
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A wind friction factor was specified for simulations where wind was included. A
friction factor of 0.0016 was specified for a minimum wind speed of G and
0.0026 for a maximum wind speed of 24 T.§he selected frictivfactors
represented the recommended DHI values (DHI, BpD12near interpolation
between these values is performed internally by MIKE 21 HD as a function of
wind speed (DHI, 2013).

4.7.5 Flooding and drying

The flooding and drying parameter includ@semoves grid cells during the
simulation aghose areas flood or dry duritige tidal cycle. A substantial area of
Tauranga Harbour is comprised of tidal flats, which are periodically exposed and
flooded at different stages of the tidal cycle. Thisrating pattern of flooding at
high tide and drying at low tide must be accounted for to achieve accurate model
results (Barnett, 1985). In MIKE 21 HD, the drying depth refers to the minimum
water depth possible before the grid cell is removed from fatloailations. The
flooding depth determines the water depth which must be exceeded before the
grid cell is reactivated into model calculations. The recommended drying depths
are between 0.0.0.2 m and flooding depths between 0.2.4 m with a

separatia of at least 0.1 m between the two depths (DHI, Bp12

4.7.6 Bed resistance

Bed resistance refers to the hydraulic roughness experiendkdidojow within

the model domain. In MIKE 21 HD, bed resistance is applied to each grid cell
eitherasa constat value across the model domairasrspatially varying values.
Bed resistance values can be specified as either Manning numbers (M) or as
Chezy numbers (C). All bed resistance values in this study were specified using
Manning M, which is the inverse of dining n. The recommended range of
Manning M values is 20 40 m%/s with suggestedalues of 32 s if bed
resistance data is unavailable and 28/mforintertidal channels (DHI, 2013).
HigherManning Mvaluesare associated with loweed resistace and vice

versa. Amplitude of the tidal wave can be increased or decreased by adjusting the
bed resistance (DHI, 20bR Therefore, bed resistance is one of the principal

calibration parameters in MIKE 21 HD.
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4.7.7 Eddy viscosity

The eldy viscosityparameterrepresents the momentum fluxes caused by vertical
integration, turblence, and sulrid scale effectéDHI, 2012). Eddy viscosity

can be specified in MIKE 21 HD as a constant value over the model domain, as
spatially varying values, or calculatddough the Smagoringkormula. The
Smagorinsky formulaequires specifiation of the Smagorinsky factorcanstant

with a range of 0.25 to 1(@HI, 2012b).Eddy viscosity in the momentum

equdions may be applied as either flux or velocity ba3dt véocity based

scheme is more acate and was used in preference over the flux based approach

which is only accurate at constant water depths (DHI, 2012
4.8 SENSITIVITY ANALYSIS

Sensitivity analysis was undertaken before calibration to assess trena#lof
modelparameters on the model resporidedel parameters selected for

sensitivity analysis included bed resistance, eddy viscosity and flooding and
drying depths. The selected parameters were varied within the limits
recommended by DHI, which wepeeviously discussed in Section 4.6. Each
separate simulation run was prepared by varying the value of a single parameter.
The adjusted value was applied uniformly across the model domain. Table 4.6

lists each simulation run performed.

Table 4.6 Sensitvity analysis simulation runs.

Model parameter Simulation runs

Bed resistance (Manning M) 40 m”/s (upper limit)
20 m*¥s (lower limit)
32 m'¥s (default value)

Eddy viscosity (Smagorinsky factor) 1.0 (upper limit)
0.25 (lower limit)
0.625 (middle rangealue)

Drying and flooding depths 0.1m drying & 0.2 m flooding
0.2m drying & 0.3 m flooding

Evaluation of the selected model parameters was achieved through the visual
observation of change in modelled surface elevation. Sensitivity analysis was

undertaken foall tidal gauge locations. However, to avoid redundancy, only the
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results from Tug Berth and Omokoroa are presented in this StudyBerth is

located within the inner harbour and Omokoroa is located in the upper harbour.

In the present studyh¢ influence of bed resistance was more pronouncethéor

shallow water location®ed resistance has been shawprevious studiet

influence the phase timing of surface elevation and currentl spestuaries
(Eyre, 2009; Pritchard & Gorma@009).Resultsfrom the simulation run with

increased bed resistance (28%g) displayedconsiderably reduced tidal

amplitude and dayed tidal propagation in the upper reaches of the harbour

(Figure 4.11). Bcreased bed resistance (87/s) slightly increased tidal

amplitude and advancédal propagationHowever, the influence of bed

resistance was minimal for locations in depaterand closer to the harbour

entrance.

Pritchard & Gorman (2009) indicated tltaé Smagorinskjactor influenceshe

amplitude ofsuface elevatiormndmagnitude oturrent speed. Eyre (2009)

reportedthat theeddy viscosity dampens current velocity at high valubde

low values advanedidal propagation. Variation in surface

elevation throughout

the harbour was negligible for temulations run using Smagorinsky factors of

0.25 and 0.625 (Figure 4.

during the simulation which usedSmagorinsky factor of 1

12) ow-ubpodwe ver ,

.0. Negligible change

in surface elevation was apparent after varying thadfleg and drying depths

(Figure 4.13).
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Figure 4.11 Sensitivity analysis of bed resistarfoe Tug Berth and Omokoroa.
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Figure 4.12: Sensitivity analysis of eddy viscosityr Tug Berth and Omokoroa.
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Figure 4.13 Sensitivity analys of drying andlooding depths for Tug Berth and Omokoroa.

4.9 CALIBRATION

The calibration process involves adjusting model parameters to achieve a
satisfactory resemblance of the modelled predictions compared with observed
measurements. Calibration provides confideheg tnodel results will represent
known behaviourSea levels are influenced by tidal forcing and environmental
conditions such as wind, barometric pressure angl\aves (Shand®008). To
calibrate the regional model without contamination from theseiadditsources,
water levels were synthesised using the M2 parameters obtained from harmonic
analysis. The selection of the M2 constituent was made on the basis of its

dominance among the tidal constituents and its representation of thdigemal
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tide of Tauranga Harbour. Sine series of water lewadse synthesised for each

tide gauge location using the corresponding M2 period, amplitude and phase

parameters as input in Equation 4.1. Sine series were synthesised for time periods

of 72 hours with time imdrvals of 5 minutes (Figure 4.14). Phase lagaslight

increasan amplitude were apparent in the upper reaches of Tauranga Harbour

(Figure 4.15).

Surface elevation (m)

Time (hours)

Figure 4.14 Sineseries synthesised for each tghge location

Surface elevation (m)

20 22 24 26 28 30 32
Time (hours)

Figure 4.15: Closer inspectionfadhe synthesised sine series indicated phase lag and increased amplitude for

the uppeharbour
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Bed resistance was identified as the major influencing model parameter during
sensitivity analysis. To calibrate the regional model, bed resistance wasddjuste
until a satisfactory level of agreement was attained between modelled surface
elevations and synthesised M2 water levels. During sensitivity analysis, constant
values of bed resistance were applied across the entire model domain. However,
this approachsi unreasonable for representing estuaries and tidal inlets where the
grain size of surface sediment often varies considerably (de Lange, 2011).
Furthermore, the preferred bed resistance value varied between the different tidal
gauge locations during initigalibration simulation runs. Consequently, a bed
resistance map of spatially varying values was created for subsequent simulation
runs. The best agreement was obtained using bed resistance values based on
elevation of the bathymetry and topography, whighe confirmed during a

previous study of Taanga Harbour by Sharfd008). The finalised bed

resistance values are presented in Table 4.7 and the corresponding bed resistance
map is presented in Figure 8.1 he finalised parameter values for the catimla
model are summarised in Table 4.8. Figure3 4rid 4.B display the surface
elevation comparison plots between the calibrated model and synthesised sine

series.

Table 4.7 Spatially varyng bed resistance values used in development difgtieesistance map.

Elevation (m MD) Manning M (m*~/s)
<-5 40

-5t0-2 32

-2t0 0.5 20

05to7 7

>7 1

The quality of the regional model was quantified through a statistical

investigation. This offered a more in depth analysis of the model tatrer

relying only on visual comparisons. SutherlandgtPand Soulsby (2004) state

thatt he Aperformance of any model can be asse
accuracy and skillo (p. 2). This approach h
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Figure 4.16: Bed resistance mageveloped to calibrate the regional model.

Table 4.8: Finalised model parameter values for the calibraggtbnalmodel.

Parameter Final value
Coriolis forcing Included
Time step interval 5 seconds
Warm-up period 6 hours
Simulationperiod 72 hours
Courant number 5.29
Drying depth 0.1m
Flooding depth 0.2m
Initial surface elevation 0.08 m
Manningnumber Spatially varying
Smagorinsky coefficient 0.625
Wind conditions No wind
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Figure 4.17Comparison between surface eléwas$ predicted by the calibrated model and sine series of the
M2 tidal constituent at A Beacon (top), Tug Berth (middle), and Sulphur Point (bottom).
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Bias calculates the residual offset between ptediand observed datasets. Bias
identifies whether the model has iaclinationfor over or underprediction.
Pasitive bias indicates the model catently overpredicts, whilenegative bias
indicates the model consistently ungeedicts. A reliable model neither over
underpredicts on a consistent basis (Sutherland et al., 2004). Several different
statisticaltests are capable of calculating bias, although only the mean of the

differences was used in this study and is shown in Equation 4.3.

Biaas% w o @0 &o (4.3)

WhereY is a series ofj; predicted values is a serie®f x; observed values, and J

is the total number of data values.

Accuracy determines the average magnitude of difference between predicted and
observed datasets (Sutherland et al., 2004). Accuracy is typically calculated
through the Mean Absolute Error QAE) and Mean Square Error (MSE) or Root
Mean Square Error (RMSE).

L S e o @ a0 (4.4)
_ 3 % % o o 00 o O (4.5)
2 - 36 % o o 50 & O (4.6)

The RMSE is favoured more than the M&&Eit has the same scale and units as
the predicted and observed values (Sutherland et al., 2004; Winter, P0@7).
RMSE is more sensitive to the presence of outliers in predicted thhrethe
MAE, due to the squared difference (Sutherland et al.,;20@ater, 2007).
Consequently, thBMSE is equal or greater than the MAE and a more
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conservative estimate of average error (Sutherland et al., ZW@#nsional
RMSE and MAE were both used to assess model performance in this study.

Skill assesses the piieted accuracy with respect to the accuracy of a baseline
prediction B) (Sutherland et al., 2004). The Brier Skill Score (BSS) was selected
as the statistical measure of skill in this study on the basis of its common
application in coastal engineering (Berland et al, 2004).

(4.7)

0 Y @I 0 G
"33p z

The BSS is nomimensional with perfect modelling producing a score of 1 and

the baseline prediction at 0. In morphodynamic models the baseline prediction is
typically the initial bahymetry (Sutherland et al., 2004); however, in this study it
was assumed to be average value of the observed dataset. A BSS greater than 0
indicates the model accuracy is superior to the baseline prediction. The BSS is

negative if model predictions are vge than the baseline prediction.

Results of the statistical analysis are presented in Table 4.9. The model displayed

a high level of skill as BSS results were close to perfect agreement at all locations.

The BSS resul ts qcooading td theecldssificationseéhenmee | | ent 6
proposed by Sutherland et al. (2004) (Table 4.1®light biasof <0.04 m was

detected at all locations except A Beacon where no bias was present. The MAE

and RMSE were 0O0.05 m at alelethéavarame i ons e
error was slightly higheAccuracy of the model decreased as the tidal wave
progressed further into Tauranga Harbour, as indicated by the increase in average
error. This trend was visually observed in the comparison plots of surface

elevaton at locations in the upp&arbour (Figure 4.18). Higlde amplitude was
overpredicted and a phase delay was detected, particularly during the ebb tide.

Table 4.9 Statistical analysis results for the calibrated regional model.

Bias, (M) MAE (m) RMSE(m) BSS

A Beacon 0.000 0.003 0.004 1.000
Tug Berth 0.003 0.025 0.029 0.996
Sulphur Point 0.006 0.020 0.025 0.997
Hairini 0.021 0.030 0.041 0.993
Oruamatua 0.029 0.059 0.076 0.978
Omokoroa 0.036 0.039 0.052 0.989
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Table 4.10 Qualitative classificdon of Brier Skill Score. Adapted from Sutherland et al. (2004).

BSS
Excellent 1.01 0.5
Good 0.57 0.2
Reasonable/fair 0.27 0.1
Poor 0.17 0.0
Bad <0.0

The difference between the model predictions and synthesised M2 constituent sine
series wasikely caused by a combination of factors. The model bathymetry for

the upper harha was developed from digitisation leydrographical charts,

which were known to display conservative estimates of water depths.
Furthermore, the hydrographical charts weniginally published in 1993 and the
present bathymetry of Tauranga Harbour has likely changed over this time period.
So far, the assumption wtsatall errors in predictions were from the modelling.
However, observed measurements are never free of €auireerland et al., 2004;
Winter, 2007). Tidal harmonic analysis of the measured sea levels from the tidal
gauges produced estimated errors of ~0.03 m in amplitudeiad fdr phase.
Neverthelessoverallthe calibrated regional model demonstratedgh tevel of

skill and acceptable levels of bias and accurpayticularly when errors ithe
bathymetry and harmonic analysis are considered.

4.10 VERIFICATION

Verification of a numerical model requires runningimulationof the calibrated
modelto predict the conditions of a different dataset. The model is verified if an
acceptable comparison is demonstrated. The regional model was verified by
comparing surface elevatis predicted by the model agaitiste series ofvater
levels recorded by théle gauges locat throughout Tauranga Harbour.
Successful verification would demonstrate the regional model was capable of
predicting the observed tide, which is comprised not only of the dominant M2
constituent used in the calibration process, but asmyradditional tidal
constituents. Spring tides which occurred between the 20027 23/022011

and neap tides which occurred between the 0301171 08/11/2011were

selected. The particular period of spring tides was selected as it occurred during a

time period of minimal environmental influence. Wind speeds were typically well
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below the 2011 Tauranga average of 4.0’mBarometric pressure ranged

between approximately 1007 and 1017 hPa, which was similar to the 2011
Tauranga average of 1015 hPa (Fey4.D). The particular period of neap tides

was selected as it occurred during the same time period as instrument deployment,
which will be discussed further in Chapter FiBarometric pressure ranged

between approximately 1007 and 1018 hPa (Fig@® 4Unfortunately, wind

speeds during the neap tides were often high, as previously discussed in Section
4.6.4.
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Figure 4.19: Verification time series of measured water levels at A Beacon for spring tide conditions. Wind
speed and barometric presstior the corresponding time period are also shown.
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Comparison beteen surface elevations predicted by the regional model and water
levels recorded by the tide gaugeas performed through visual @rsation and
statistical analysis. Comparison plots for spring tide conditions are presented in
Figures 4.21 and 4.22 and feeap tide conditions in Figures 4.23 and 4.24.

Model performance statistics for spring tide conditions are presented in Table 4.11
and for neap tide conditions in Table 4.12. The measured water deyaisyed

diurnal inequality as the amplitude of censative hightidesor consecutivédow

tides were differenfTidal asymmetry \as detected in the uppearbour at

Hairini, Oruamatua and Omokoroa. This vi&sly caused by the influence of

higher order harmonics.

Table 4.11 Statistical analysis resulfisom the spring tide simulation for model verification.

Bias, (M) MAE (m) RMSE (m) BSS

A Beacon -0.003 0.007 0.009 1.000
Tug Berth -0.041 0.057 0.074 0.988
Sulphur Point -0.043 0.046 0.061 0.992
Hairini -0.008 0.070 0.100 0.978
Oruamatua 0.028 0.129 0.157 0.950
Omokoroa 0.082 0.083 0.101 0.977

Table 4.12 Statistical analysis results from theaptide simulation for model verification.

Bias, (m) MAE (m) RMSE (m) BSS

A Beacon -0.003 0.006 0.008 1.000
Tug Berth -0.004 0.015 0.018 0.998
Sulphur Point -0.012 0.019 0.024 0.997
Hairini 0.024 0.051 0.062 0.979
Oruamatua -0.010 0.070 0.082 0.966
Omokoroa 0.108 0.108 0.117 0.931

4.10.1 Offshore

Excellent agreement was achieved by the predicted surface elevations offshore of
Tauranga Harbour witthe measured water levels from A Beacon. The model
displayed minimal bias 6D.003 m as well as high accuracy as indicated by low
MAE and RMSE of <0.01 m. The BSS displayed perfect agreement. Negligible
difference in model performance was detected betwpeng and neap tidal

conditions.
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Figure 4.22: Model verification for spring tide conditions. Bace elevations preclied by the calibrated
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4.10.2 Inner harbour

Surface elevation was generally wptedicted by the model when compared with

the water levels recorded at Tug Berth and Sulphur Point. An excellent level of

skill was demonstrated by the model as B
approximately0.04mwas det ect ed f @©01nsfornaamtiges.t i des a
The MAE for spring tides was between 0.05 ®.06 m while the RMSE was

slightly higher at 0.06 0.07 m. The model was more accurate during neap tides

with the MAE and RMSE both approximately 2.1. The model phase was

slightly early during the ebb tide compared with the measured water levels. This

was more pronounced during the spring tide, which was reflected in the higher

average error results. Good agreement was displayed by the prediti¢idénig

and low tide amplitudes, although low tide was egmexdicted at Tug Berth

during the spring tide.

4.10.3 Upper harbour

Surface elevation was less wpledicted intie upper reaches of the harbour. The
low tide amplitude was consistentlpderpredicted throughout the upper harbour

for both spring and neap tides. The high tide amplitiisplayed good agreement

for spring tidesat Haiiini and Oruamatua, although wagerpredicted at
OmokoroaDuring the neap tides, the high tide amplitudes slightly over

predicted at Hairini, slightly undgaredicted at Oruamatua and considerably -over
predicted at Omokoroa. These observations made from the comparison plots were
generally supported by the calculations of bias. Large positive bias in tted mo
predictions was detected at Omokoroa with 0.08 m for spring tides and 0.11 m for
neap tides. Bias in the model predictions at Hairini was minimal during the spring
tides and 0.02 m during the neap tides. At Oruamatua the bias in model
predictions was .03 m for spring tides and.01 m for neap tides. In spite of this,

the skill demonstrated by the model was excellent. The BSS was slightly lower
than the offshore and inner harbour | ocat

Oruamat ua, and .00.93 at Omokor oa

Phase delay in the model predictions contributed to decreased model accuracy in
the upper harbour. The model was less accurate during spring tide conditions at
Hairini and Oruamatua. The MAE at Hairini was 0.07 m for spring tides and 0.05
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m for neap tiés while the RMSE was 0.10 m for spring tides and 0.06 m for neap
tides. The pattern was more pronounced at Oruamatua where the MAE was 0.13
m for spring tides and 0.07 m for neap tides and the RMSE was 0.16 m for spring
tides and 0.08 m for neap tides.eTéverage error was consistently large at
Omokoroa with a MAE of 0.08 m during spring tides and 0.11 m during neap
tides and a RMSE of 0.10 m for spring tides and 0.12 m for neap tides. Phase
delay was observed at all locations in the upper harbour. BeEsewas present

at Hairini during the ebb and first half of the flood tide while at Oruamatua the
delay was present throughout the tidal cycle. At Omokoroa phase delay was
apparent during the ebb tide, although the phase was slightly early during the

flood tide for neap tide conditions.
4.10.4 Summary

The model predictiondisplayed excellent agreement with observed
measurements offshore of Tauranga Harbour, a good agreement for the inner
harbour, ananly fair ageement for the upper harbour. Therease irerrorfor

the upper harbour during verification simulations was attributed to the influence
of shallow water tidal constituents. The regional model was calibrated using the
M2 constituent, and the influence of higher harmonics, such as thedvM@&n
constituents, were not considered during the calibration protiessegional

model was deemed acceptable for use in further modelling ptbthéemain

areas of interest were the inner harbour or offshore of Tauranga Harbour.

4.11 RESULTS

Resultsfrom the regional model were intended for further us@ame modelling

and as boundary conditions in lotgdrodynamic and sedimemainsport models
Simulation of the regional model was required for spring tides between
28/10/2011% 31/10/2011 (Figurd.25). Neap tides between 05/11/2011
08/11/2011 had previously been simulated during the model verification proces
Oceanographic instrumendgployed in the Stella Passage aosvn Reach were
operating during both time period=or the spring tide timperiod, wnd speeds

were predominantly below the 2011 Tauranga average of 4%) aftlsough
maximum speeds reached approximately 6.0'nBarometric pressure varied
between 1025 1028 hPa during the same time period and consistently displayed
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two maxma and minima each day. de Lange (1988) observed the same
phenomenon and reportéthtthe maxima typically appeared at approximately

0900 and2100 while the minima appeared &iaurs later.
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Figure 4.25: Time series of measured water levels &eacon forspring tide conditions during the
instrument deployment perioVind speed and barometric pressure for the corresponding time period are
also shown.

Surface elevatiopredictionsfor the southern basiduring spring and neap tides
are presemd in Figures 4@and 4.7 respectively. Current velocity vectors are
overlaid on surface elevation in these figures. The tidal wave advanced deeper
into the upper harbour during spring tide conditions. Current velocities were
fastest through the tidallet and within the major channels, particularly at points
where the channels converged. Current velocities were condidsi@er for the
remaining subidal areas andver theintertidal flats. However, the narrow

intertidalchannels within the tidal fta often displayed fast current velocities.
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Figure 4.26 Surface elevation during spring tide (28/10/2G131/10/2011)conditions at high tide (left) and low tide (righ€urrent velocity vectors are overlaid.

Figure 4.27: Surface elevatio during neap tide (05/11/201108/11/2011)onditions at high tide (left) and low tide (righCurrent velocity vectors are overlaid.
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