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Executive Summary

This report describes the implementation and caitan of the USC-3 model in southern Tauranga
Harbour.

The model predicts estuarine sedimentation on luenpng timescale, which is decades and greater.
The model is physically based, and is intendedujgpsrt decision-making by predicting various
changes in the harbour bed sediments associateaatithment development scenarios that will cause
changes in sediment runoff from the catchment.mbdel provides:

* Predictions of sedimentation in different partstlod estuary, which may be compared and
used in an assessment of sediment effects.

« Predictions of the change in bed composition owee twhich reflects degradation of habitat
(e.g., change of sandy substrate to silt), and hlwhitay bring associated ecological
degradation (e.g., mangrove spread, loss of stieltfeds).

« An explicit analysis of the links between sedimeatirces in the catchment and sediment
sinks in the estuary. This type of analysis effeyi links “subestuary effects” to
“subcatchment causes”, thus showing where best geament practices on the land can be
most effectively focused. Without an understandafgthe link between source and sink,
assessment of sediment sources on the land lagleffants context.

The implementation of the USC-3 model for south@auranga Harbour consisted of defining
subestuaries and subcatchments, evaluating theugaterms that control sediment transport and
deposition inside the harbour, defining the waydtderived sediments are to be fed into the harbour
at the subcatchment outlets, and assembling wetatheiseries for driving the model.

Other information required to drive the model, udihg harbour bed-sediment initial conditions and
specifying the way sediment runoff from the landasbe distributed across grainsizes, may vary
depending on the particular scenario being adddesdas information is not treated as part of the
model implementation. Instead, it is reported witbdel results in Technical Report E2 of the study
(Green, M.O., 2009. Tauranga Harbour Sediment Stdsdictions of Harbour Sedimentation under
Future Scenarios. NIWA Client Report HAM2009-078).

Model calibration was achieved by running the mddelthe 58-year historical period 1943 to 2001,
with sediment inputs from the catchment appropriatdat period. The aim of the calibration process
was to adjust various terms in the USC-3 modehsat tindcasts of sedimentation over the historical
period came to match measurements from that sariwpe

Tauranga Harbour Sediment Study: Implementati@hGadibration of the USC-3 Model iv
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The model was calibrated by reducing the erosiopthddéor all values of bed-sediment median
grainsize by approximately half across the modehaia. This resulted in a set of hindcast (1943—
2001) annual-average sedimentation rates througtheuimodel domain that could be interpreted
sensibly in broad, physical terms, and that cowddrdconciled with six reliable measurements of
sedimentation rate reported by Hancock et al. (ROUfBie exceptions were the two subestuaries
enclosed by Matakana Island, where the model doeappear to perform very well. The model was
calibrated as a whole, against the whole set ofireadation measurements; in general, it is not
possible to calibrate the model subestuary-by-subegs The reason is that sediments are exchanged
amongst subestuaries, and therefore any partisulagstuary cannot be considered in isolation from
the rest of the model domain.

Overall, the calibration appears to be satisfactand the model can now be used to predict future
sedimentation with some confidence.

Tauranga Harbour Sediment Study: Implementati@hGadibration of the USC-3 Model v
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1. Introduction

11

1.2

Background

Environment Bay of Plenty (EBOP) seeks to undetstsgdimentation in Tauranga
Harbour in order to understand sediment sourcedaadsufficiently to appropriately
manage growth and development now and in the fulitris will also assist EBOP to
adapt management rules and practices appropriatelybe able to make decisions
concerning development of the harbour and catchmatht full understanding of
likely sedimentation effects. This need stems fgaution 5 of the Tauranga Harbour
Integrated Management Study (THIMS), which descridbe many effects of
sediments. Although these changes are to a largmtedriven by historical events
when there was little control on development, thgli@creasing public concern about
sediment-related issues, and these are expectstadate as the catchment continues
to develop and climate change becomes increasiellyrhe THIMS recommended a
review of the drivers and consequences of seditientaincluding analysis of
sediment yields from all sources in the catchmaek flow monitoring, projection of
sediment yields under proposed development scemasassessment of sediment
effects in the harbour including cumulative effeetsalysis of current best practices,
and recommendations on how to address the findingsiding appropriate policy.

EBOP contracted NIWA to conduct the Tauranga HarlSmdiment Study. The study
began in April 2007 and is scheduled to run forea@rg. The main aim of the study is
to develop a model or models to be used to: (1@sssselative contributions of the
various sediment sources in the catchment surrognBauranga Harbour, (2) assess
the characteristics of significant sediment sourcasd (3) investigate the fate
(dispersal and deposition) of catchment sedimenfBauranga Harbour. The project
area is defined as the southern harbour, exterfding Matahui Point to the harbour
entrance at Mount Maunganui. The timeframe for jotemhs is 50 years from the
present day (2001).

Study outline and modules

The study consists of 6 modules:

Module A: Specification of scenarios — Defines lasel and weather information that
is required for driving the various models. Threerarios are defined in terms of
landuse, which includes earthworks associated aiith development, and weather.
The weather is described in terms of magnitude feemency of storms and wind

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 1
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climate, and needs to be specified to a degreagisaifficient for driving models. The
third scenario incorporates anticipated effectslioiate change.

Module B: Catchment sediment modelling — (1) Uses GLEAMS model to predict
time series of daily sediment yields from each attfument under each scenario. (2)
Summarises these predictions to identify princigaurces of sediment in the
catchment in order to compare sources of sedimedérupresent-day landuse and
under future development scenarios and to assedsnesg characteristics of
significant sources. (3) Provides sediment loadfi¢oUSC-3 model for prediction of
harbour sedimentation over the decadal scale.

Module C: Harbour bed sediments — (1) Develops strijgtion of the harbour bed
sediments to provide sediment grainsize and coriposinformation required for

running the harbour sediment-transport model amdniitialising the USC-3 model.

(2) Provides information on sedimentation ratesrdhe past 50 years for end-of-
chain model validation.

Module D: Harbour modelling — (1) Uses the DHI FMlegxible Mesh) hydrodynamic

and sediment models and the SWAN wave model toldpy@edictions of sediment

dispersal and deposition at the “snapshot” or ewale, including during and

between rainstorms and under a range of wind dondit (2) Provides these event
predictions to the USC-3 model for prediction ofdwur sedimentation over decadal
scales.

Module E: USC-3 model — Uses the USC-3 model to engkedictions of
sedimentation, bed-sediment composition and linkagetween sources and sinks,
based on division of the catchment into subcatchsneand the estuary into
subestuaries. An end-of-chain model validation wiinsist of comparing USC-3
model hindcasts of annual-average sedimentatian tatmeasurements, where the
measurements derive from Module C.

Module F: Assessment of predictions for managemeAissesses and synthesises
information developed in the modelling componeritghe study using an expert panel
approach. It will address matters including: (1)ig¥thcatchments are more important
as priority areas for focusing resources to recsemimentation in the harbour? (2)
What are the likely effects of existing and futurdan development on the harbour?
(3) How can the appropriate regulatory agenciesQEBWBPDC and TCC) most
effectively address sedimentation issues, and wigatagement intervention could be
appropriate? (4) Are there any reversal methodsh sas mangrove control and
channel dredging, that may be effective in managedjmentation issues?

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 2
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1.3 This report

This report, which describes the implementation ealébration of the USC-3 model
in southern Tauranga Harbour, is Technical RepdrtoEthe study and completes
Milestone M9.

The implementation of the USC-3 model for southBawranga Harbour consists of
defining subestuaries and subcatchments, evaluftiegvarious terms that control

sediment transport and deposition inside the harlsefining the way land-derived

sediments are to be fed into the harbour at theagobment outlets, and assembling
weather time series for driving the model.

Other information required to drive the model, uihg harbour bed-sediment initial
conditions and specifying the way sediment runadfrf the land is to be distributed
across grainsizes, may vary depending on the p&atiscenario being addressed. This
information is not treated as part of the modellenentation. Instead, it is reported
with model results in Technical Report E2 of thedgt(Green, M.O., 2009. Tauranga
Harbour Sediment Study: Predictions of Harbour @editation under Future
Scenarios. NIWA Client Report HAM2009-078).

Model calibration is achieved by running the moftelthe 58-year historical period

1943 to 2001, with sediment inputs from the catamnag@propriate to that period. The
aim of the calibration process is to adjust varitersns in the USC-3 model so that
hindcasts of sedimentation over the historicalqgzedome to match observations from
that same period.

The calibrated USC-3 model is to be used to prededimentation in southern
Tauranga Harbour under three future scenariosyidescby Parshotam et al. (2008).
These are defined in terms of landuse (which ireduglrthworks associated with any
development) and weather. One scenario addreseepotiential effects of climate
change.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 3
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2. Model Overview

2.1

Introduction

The USC-3 (“Urban Stormwater Contaminant”) contaantraccumulation model

predicts sedimentation and accumulation of contanis (including zinc and copper)
in the bed sediments of estuaries on the “plantimgscale”, which is decades and
greater. (In this implementation of the model, il predict sedimentation only.) The

model is physically based, and functions as a aeesupport scheme.

The model is intended to support decision-makingptsdicting various changes in
the harbour bed sediments associated with catchdemeiopment scenarios that will
cause changes in sediment runoff from the catchriiéiet model provides:

Predictions of sedimentation in different partstled estuary, which may be
compared and used in an assessment of sedimeciseffe

Predictions of the change in bed composition oweret which reflects
degradation of habitat (e.g., change of sandy satiesto silt), and which may
bring associated ecological degradation (e.g., mmwmeg spread, loss of
shellfish beds).

Predictions of the accumulation of heavy metalthasurface mixed layer of
the estuary bed sediments, which may be comparedet#iment-quality

guidelines to infer associated ecological effe€this function will not be

available in this implementation).

An explicit analysis of the links between sedimsatrces in the catchment
and sediment sinks in the estuary. This type oflyais effectively links
“subestuary effects” to “subcatchment causes”, tBhewing where best
management practices on the land can be mostigéfigctocused. Without an
understanding of the link between source and saskessment of sediment
sources on the land lacks any effects context.

The original USC model was applicable to simpleu@ses that consist of a single
“settling zone” (where settling of suspended sedisi@nd associated contaminants is
enhanced). A small embayment fed by a single tidsgk is an example of where this
model would apply. The USC model was initially apglin Lucas and Hellyers
Creeks (tidal creeks that drain into the Upper Whadta Harbour) in the Auckland
Region.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 4
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The USC-2 model was developed to apply to more texngstuaries consisting of a
number of interlinking settling zones and “secomdexdistribution areas” (where
waves and/or currents mobilise and redisperse sedim and associated
contaminants). The secondary redistribution areaseMimited to low energy. The
USC-2 model was initially applied in the Upper Waiata Harbour for the Auckland
Regional Council.

The USC-3 model was developed for the Central Wwaita Harbour Study for the
Auckland Regional Council. It also applies to memmplex harbours, although the
secondary redistribution areas are no longer lafribclow energy.

The USC-3 model subsumes the functions of the tewipus versions of the model.
Hence, it is the USC-3 model that has been implésdeinere for the Tauranga
Sediment Study.

The USC-3 model in this implementation requiresigsuts estimates of future

sediment runoff and grainsizes from the land. Padteof sediment transport and
deposition in the harbour, including the way lamdided sediments are discharged
and dispersed in the harbour during and followiamstorms, need to be known.
Model initial conditions include present-day grames distribution of harbour bed

sediments. The model is calibrated against anruexbge sedimentation rates in the
harbour.

2.2 Model overview

Predictions are typically made at the “planningetsrale”, which is decades and
greater. This is much longer than “standard” estgadiment-transport models.

Predictions are made at the scale of the subestudwigh corresponds to km-scale
compartments of the harbour with common depth, supo and bed-sediment
grainsize.

The catchment is divided into subcatchments omélasi scale. Each subcatchment
discharges through one outlet to the harbour.

A long-term weather sequence is used to drive tbdemnover time. The weather
sequence that drives the model may be construetedbmly or biased to represent
worst-case or best-case outcomes. The weather reegumay also reflect the
anticipated effects of climate change.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 5
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The model simulates the deposition of sediment dlcatirs under certain conditions
(e.g., in sheltered parts of the harbour, or onsdakien there is no wind), and the
erosion of sediment that occurs under other canrditi(e.g., in parts of the harbour
where there are strong tidal currents or on daysmwhis windy). It also simulates the
dispersal of sediments and contaminants eroded fte@mland when it rains and
discharged (or “injected”) into the harbour witeghwater runoff.

Physically-based “rules” are used by the modelitoukate the injection into the
harbour of land-derived sediments from the catchhmehen it is raining. The
particular rule that is applied depends on the herataind the tide at the time.
Sediment is only injected into the harbour whea faining.

Another set of physically-based rules is used moufate the erosion, transport and
deposition of estuarine sediments inside the egtbgrtidal currents and waves.
“Estuarine” sediments refers to all of the sedintbat is already in the harbour on the
day at hand, and includes all of the land-deriveiraent that was discharged into the
harbour previous to the day at hand.

The model has a mixed timestep, depending on thiécylar processes being
simulated:

* For the injection into the harbour of sediment tisatroded from the land
when it rains the model timestep is 2 completel tigales (referred to herein
as “one day”).

* For the resuspension of estuarine bed sedimentgalvgs and tidal currents
the model timestep is also one day.

» Each day an injection and/or resuspension eventanayr, or no event may
occur. The rainfall, wind and tide range on the dayern whether or not an
event occurs. The rainfall, wind and tide rangeeanh day are determined by
the long-term weather sequence that drives the mode

e The rainfall, wind and tide range on the day govdra way land-derived
sediment is injected into the harbour. At the ehthe day on which injection
occurs, land-derived sediment may be settled dreédoed in any part of the
harbour, may be in suspension in any part of thbcha, or may be lost to
“sinks” (areas of the harbour that may accumulatérsent, but which do not
erode). The part of the land-derived sediment kbadl is in suspension at the
end of the injection day is further dispersed tiglmut the harbour on days

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 6
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following the injection day until it is all accowstt for by settlement to the bed
(in any part of the harbour) and loss to sinkssThay take different lengths
of time to achieve, depending on where the displdeszosition process
begins at the end of the injection day. Hence tithestep for this process is
variable.

« The wind and tide range on the day govern the vetiyagine bed sediment is
resuspended. At the end of the day on which resisgpe occurs, resuspended
sediment may be settled onto the bed in any pathefarbour, may be in
suspension in any part of the harbour, or may bettosinks. The part of the
resuspended sediment load that is in suspensitie &nd of the resuspension
day is further dispersed throughout the harbour days following the
resuspension day until it is all accounted for bitlement to the bed (in any
part of the harbour) and loss to sinks. This m&e @ifferent lengths of time
to achieve, depending on where the dispersal/dépogirocess begins at the
end of the resuspension day. Hence, the timestahifoprocess is variable.

« The model builds up the set of predictions by “addiogether”, over the
duration of the simulation, injection and resusp@msevents and the
subsequent dispersal and deposition of injected raedspended sediment.
The simulation duration is typically 50 or 100 y®aln essence, the model
moves sediment/contaminant from each subcatchmentthe various
subestuaries each time it rains, and amongst thieuga subestuaries to
account for the action of waves and tidal currents.

A key feature of the model is that the bed sedinemach subestuary is represented
as a column comprising a series of layers, whidives as the simulation proceeds.

The bed sediment evolves in the model by additibriagers when sediment is
deposited, and by removal of those same layers wheiment is eroded. At any given
time and in any given subestuary, there may be lagars in the sediment column, in
which case the bed sediment consists of “pre-exjstbed sediment only. This
corresponds to the initial conditions mentionedvabd ayer thicknesses may vary,
depending on how they develop during the simulation

Both land-derived and estuarine sediments may bgosed of multiple constituent
grainsizes (e.g., clay, silt, fine sand, sand). Tmeportions of the constituent
grainsizes in each layer of the sediment column ray, depending on how they
develop in the simulation. This results in finercoarser layers as the case may be.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 7
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Under some circumstances, the constituent graimsizéhe model interact with each
other and under other circumstances they act imdigrely of each other.

For example, the erosion rate is determined by ighte&d-mean grainsize of the bed
sediment that reflects the combined presence afdhstituent grainsizes. This has an
important consequence: if the weighted-mean grzénsf the bed sediment increases,
it becomes more difficult to erode, and so becofi@soured” as a whole. This
reduces the erosion of all of the constituent giaas, including the finer fractions,
which otherwise might be very mobile. The bed-sedfitrweighted-mean grainsize is
calculated over the thickness of the bed-sedimattive layer”.

In contrast, the individual grainsizes, once rateasom the bed by erosion and placed
in suspension in the water column, are dispersaep@ndently of any other grainsize
that may also be in suspension. Dispersion of suiguk sediments is in fact very

sensitive to grainsize, which has an important equnence: the constituent grainsizes
may “unmix” once in suspension and go their sepavetys. This can cause some
parts of the harbour to, for instance, accumuliater fsediments over time and other
parts to accumulate coarser sediments. This igatefil in a progressive fining or

coarsening, as the case may be, of the bed sedifieatmodel accounts for this

process.

In some parts of the harbour or under some weathguences, sediment layers may
become permanently sequestered by the additionulugesjuent layers of sediment,

which raises the level of the bed and results jiositive sedimentation rate. In other
parts of the harbour or under other weather se@sensediment layers may be
exhumed, resulting in a net loss of sediment, wigiskes a negative sedimentation
rate. Other parts of the harbour may be purelysprartational, meaning that erosion
and sedimentation balance, over the long term. Keweeven in that case, it is

possible (with a fortuitous balance) for there &aprogressive coarsening or fining
of the bed sediments.

Because model predictions are sensitive to seqaearfcevents (as just described), a
series of decade-long simulations is typically raith each simulation in the series
driven by a different, randomly-chosen weather sega. The predictions from the
series of simulations are averaged to yield oneageeprediction of sedimentation
and contaminant accumulation over the decade-lomgtidn. Each weather sequence
in the series is constructed so that long-term naragtatistics are recovered.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 8
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2.3 Comparison with the USC-2 model

The USC-2 model allowed for erosion of bed sedingnivaves and currents between
rainfall events, but only in a limited way. In etfeonly sediment that was deposited
in the immediately-previous rainfall event was waiém to be eroded and

redispersed/redeposited throughout the harbounyngazen between-rainfall period.

This had the effect of “ratcheting up” depositicas sediment deposited during
previous events became sequestered, which is apgieoin sheltered basins. This
will not be acceptable in the case of open watelidzo

The USC-3 model works differently. It allows erasiof any portion of the bed
sediment that has been deposited since the begimfithe simulation, including all
of it. The USC-3 model does in fact allow for thet khange in bed level over the
duration of the simulation to be negative (erosisegime). However, as implemented
for this study, this is prevented by not allowinggon to occur below a certain
basement level that is set at the start of the Isiton. A subestuary may be purely
transportational over the duration of the simulatimeaning that the net change in
sediment level can be zero.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 9
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3. Model Details

3.1

3.11

3.1.2

3.1.3

3.2

3.21

Characteristics of special subestuaries

Tidal creeks

Sediments may not be resuspended inside thosetsahes designated as tidal
creeks. Sediments resuspended elsewhere in theunaslp waves and currents that
get deposited inside tidal creeks will thereforesbquestered, which will enhance the
accumulation of sediments in the tidal creeks. Thiexpected, since tidal creeks are
sheltered from the waves (in particular) and cusémat could otherwise erode them,
and thereby reduce accumulation, on a daily bdstal creeks also attenuate (i.e.,
retain a portion of) the land-derived sediment Itlzat passes through them, carried
by freshwater runoff on the way to the main bodyhaf harbour. The attenuated part
of the land-derived sediment load deposits inithed treek.

Sinks

Sediments deposited in those subestuaries desigreetesinks also may not be
subsequently removed by resuspension. Unlike todakks, there is no special
arrangement for attenuating land-derived sedinwaudd that pass through sinks.

Deep channels

Sediments are not allowed to erode from or depositibestuaries designated as deep
channels.

Resuspension of estuarine bed sediments by waveslamrrents

Introduction

Every day, estuarine sediments may be resuspemtdtde( USC-3 model) by tidal
currents and waves, and redispersed and redeposisesdvhere in the estuary.
“Estuary sediments” here includes all the landidsti sediments injected into the
harbour prior to the day at hand.

The USC-3 model predicts this on the basis of idhe tange and the wind speed and
direction. The tide range controls the strengthtidél currents and possibly the
residual circulation patterns. The wind speed ainection control the generation of
waves, which are principally responsible for resmson of bed sediments. In

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 10
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addition, the wind may generate currents that apedmposed on tidal currents and
that therefore affect patterns of sediment dispersa

Daily movement of sediments in the harbour is ailgd by ED50, R5, R5SUSP and
RFS, which are determined by the DHI estuary modetSui

« ED5S0is an erosion depth on the resuspension day.

« R5 and R5USP describe sediment dispersal and deposition on the
resuspension day.

* RFS describes sediment dispersal and deposition orddlys following the
resuspension day.

Table 3.1 summarises the meaning of the t&e®s80, R5, RSUSP andRFS. Refer to
this table during the following detailed descriptio

Figure 3.1 shows howD50, R5, R5SUSP andRFS are applied. Refer to this figure
during the following detailed description

3.2.2 Details

ED50

In each subestuary in the USC-3 model domain, dkudu those subestuaries
designated as tidal creeks, sinks and deep chatidelscurrents and waves each day
may resuspend sediments to a deptB@50.

ED50 is determined for each subestuary using the DHtlehsuite for each of a
number of bed-sediment weighted-mean grainsizesnéi® D50 in the following)
under each of a number of environmental conditi@ng., tides, winds). A separate
DHI simulation is run for each origin subestuargck DHI simulation duration is one
day (2 complete tidal cycles), and each simulatiegins with estuarine sediments in
the subestuary at hand stationary (i.e., on thg bed

ED50 is an erosion depth: it is evaluated at the endawh one-day timestep, it is
averaged over the subestuary, and it has unitetesIED50 may be zero.

! The “DHI estuary model suite” comprises the DHI tfaand Environment (DHI) MIKE3
FM hydrodynamic model, the DHI MIKE3 MT sedimenaiisport model, and the SWAN
wave model.

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 11
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ED50 = 0 in subestuaries designated as tidal crealss sir deep channels.

R5 and R5SUSP

Once eroded from the bed and placed in suspensiach constituent grainsize
disperses and settles in the USC-3 model accotdintg own settling speed and as
though it is the only grainsize in suspension his tvay, the various grainsizes in the
bed can become “uncoupled” from each other onsaspension.

The fraction of constituent grainsiggarticle that is eroded from subestudmstorigin
and deposited in subestuakgstdestination by the end of the resuspension day is
given by RSiparticiekestoriginkesidestination- 1€ total mass of constituent grainsiparticle
that comes to be deposited in subestukegtdestination by the end of the
resuspension day is given by:

nest

> (SEDIMENTMASS

Iparticle,kestorigin
kestorigin=1

x R5

iparticle,kestorigin,kestdestination )

where SEDIMENTMASS paricie kestorigin 1S the mass of constituent grainsiparticle that
is released by resuspension in origin subestlkestprigin by erosion to a depth of
ED50 pariicekestorigin- THiS is explained in detail in a later sectiorhen the layering of
the bed sediment is explained.

The fraction of constituent grainsiggarticle that is eroded from subestudmestorigin
and that remains in suspension in subestu@ydestination at the end of the
resuspension day is given BYSSUSPpariiciekestoriginkestdesiination- 1€ total mass of
constituent grainsize iparticle that is in suspemsn subestuariestdestination at the
end of the resuspension day is given by:

nest
> (SEDIMENTMASS

Iparticle,kestorigin
kestorigin=1

X RSSJ S:?particle,kestorigin,kestdestination)
If kestdestination corresponds to a deep channel, thenis forced to 0, since
sediments are not allowed to settle to the bed@pdahannels.

R5 andR5SUSP between them account for all of the sediment ihatsuspended in
each origin subestuary. That is:

nest

z (R5| particle,kestorigin,kestdestination + RS&J s:)iparti cle,kestorigin,kestdestination ) = 1
kestdestination=1
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For every combination of origin subestuary and idatbn subestuaryR5 and
R5USP are determined using the DHI model suite for eatha number of
constituent grainsizes under each of a numberdf@mmental conditions (e.g., tides,
winds). A separate DHI simulation is run for eadhigio subestuary. Each DHI
simulation duration is one day (2 complete tidatleg), and each simulation begins
with estuarine sediments in the subestuary at btibnary (i.e., on the bed).

R5 is evaluated at the end of each one-day timektiepaveraged over the subestuary,
and is dimensionles®35 may vary according to grainsize, which permitdedédnt
grainsizes to disperse independently around thbohar once released by erosion
from the bed sediment.

R5SUSP is evaluated at the end of each one-day timestep. averaged over the
subestuary, and is dimensionleB&3USP may vary according to grainsize, which
permits different grainsizes to disperse indepetiganound the harbour.

RFS

The termRFS governs the fate of sediment that remains in suspe at the end of the
resuspension day.

For every combination of origin subestuary and idatbn subestuaryRFS is
determined using the DHI model suite for each aftimber of constituent grainsizes
under each of a number of environmental conditi@ng., tides, winds). A separate
DHI simulation is run for each origin subestuargck DHI simulation begins with a
unit load of estuarine sediment in suspension endhgin subestuary at hand. Each
simulation is run until all of the suspended seditrie accounted for by settlement to
the bed (anywhere in the harbour) or loss to a sink

RFSis averaged over the subestuary, and is dimersiefFS may vary according to
grainsize, which permits different grainsizes tgpdirse independently around the
harbour.

RF Sparticle kestoriginkestdestination 1S the fraction of constituent grainsigearticle that is in
suspension in origin subestudmstorigin at the end of the resuspension day and that
ultimately gets deposited in destination subestikestglestination.

Following the application oRFS in the USC-3 model, all of the estuarine sediment
that was eroded from the bed of each origin subegtgwhich cannot include
subestuaries designated as tidal creeks, sinksegr channels) on resuspension day is

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 13
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deposited in a destination subestuary (which cathdesame as the origin subestuary,
but which cannot be a deep channel).

Following the application oRFS, the total mass of estuarine sediment of constitue
grainsizeiparticle deposited in subestuakgstdestination is given by:

nest

> (SEDIMENTMASS

Iparticle,kestorigin
kestorigin=1

x R5 )+

iparticle,kestorigin, kestdestination

nest
> (SEDIMENTMASS

Iparticle,kestorigin
kestorigin=1

x ROUSP,

iparticle,kestorigin,kestdestination X
RFSparti cle, kestorigin, kestdestination )
3.3 Injection into the harbour of sediments when it rans

3.3.1 Introduction

During and in the immediate aftermath of rainstgrsediment is eroded from the
land.

The USC-3 model does three things each time thg-term weather sequence
presents a day on which rainfall occurs. (1) Laedwkd sediment loads for that day
are evaluated at the base of each subcatchment)(B@CLand-derived sediment
loads for that day are evaluated at the edge ofrizi@ body of the harbour (EMB).
For some outlets, BOC is the same as EMB. For sth&ediments have to be
transferred through tidal creeks to get to EMB.TBg sediment loads are discharged
from EMB into the main body of the harbour, andodised and deposited.

3.3.2 Land-derived sediment loads at BOC

LANDSEDIMENTBOCMASS cachipartice 1S the  sediment load at the base of
subcatchmenicatch split amongst constituent grainsizes. These lagitisvary by
rainfall. Here, “BOC” means at the base of the aitdiument.

For the implementation of the USC-3 model in south&auranga Harbour, the
GLEAMS-TAU model (Parshotam et al., 2009; Elliottad., 2009) is used to predict
sediment runoff from the land. This is presentedtiy GLEAMS-TAU model as
daily sediment loads for each subcatchment splicdoystituent grainsize. The exact
way these are prepared for input into the USC-3 ehagl described in the next
chapter.
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3.3.3 Transfer of land-derived sediment loads to EMB

Subcatchment outlets may discharge along the Binogéhe main body of the harbour
or they may discharge into freshwater creeks. kvasdr creeks may, in turn, drain
into the main body of the harbour through relagivektensive tidal creeks, or they
may, in effect, discharge directly along the fringé the main body.

Sediments that pass through tidal creeks that dinédnthe main body of the harbour
may be subjected to flocculation. If the flocs ggeegates so formed are relatively
dense, these may settle in the tidal creek befaehing the estuary main body. This
results in a so-called “attenuation” — or reductierof the sediment loads between
BOC and EMB. The degree of attenuation dependsemydrodynamics of the tidal
creek, which is largely dependent on the interachietween the freshwater discharge
from the land and the saline water. In the extrease, the freshwater discharge may
be so large, under very heavy rainfall, that tidaltcreek acts a simple extension of
the freshwater drainage network, jetting the sedirf@ad directly into the main body
of the estuary.

The aim, then, in this step is to coneANDSEDIMENTBOCMASS catch,particie INtO
LANDSEDIMENTEMBMASS caen,ipariicie: The particular scheme used to accomplish
these conversions depends on where the outfahaliges, as follows:

Outfalls that discharge into freshwater creeks thain turn discharge directly into
the main body of the harbour

In this case, there is no load attenuation andAdDSEDIMENTBOCMASS cacniparticle

Ouitfalls that discharge directly into the main bodyof the harbour

As above, there is no load attenuation antdAYDSEDIMENTBOCMASS catch,partice =

Outfalls that discharge into the main body througha tidal creek

The attenuation of the land-derived sediment laadke tidal creek is now accounted
for by applying the factorRTCgpesuary,jcachiparices  Where subestuary refers to a
subestuary that has been designated as a tidak emee jcatch refers to the
subcatchment that discharges into that tidal-cseslestuary.
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Table 3.2 summarises the meaning of the tB#@. Refer to this table during the
following detailed description.

RTC is the fraction of sediment |0adANDSEDIMENTBOCMASS cach,ipariicie Presented
at the base of the subcatchment that passes thtbagdldal creek and emerges at the
edge of the main body of the estud®yC is dimensionless. Hence:

RTCsubestuary,j catch,iparticle:

Note thatRTC may vary by constituent grainsize, reflecting ihguence of particle
size on particle dynamics, and by rainfall, reflegtthe influence of freshwater
discharge on tidal-creek dynamics.

Note that the portion of the sediment load thatsdoet escape from the tidal creeks
(l €., LANDSEDIM ENTﬂ:MASSmtch,iparticle x [1'RTCSJb$tuary,j catch,iparticl e]) iS
accumulated on the bed of the tidal creek.

3.3.4 Dispersal inside the harbour of sediment loads presited to EMB

Dispersal of land-derived sediments in the hartmuthe day they are injected into
the harbour (with the freshwater runoff) is accasi@d usingR, RSUSP and RFS
which are determined by the DHI estuary model suite

R andRSUSP describe sediment dispersal and deposition oinjbetion day.

RFS describes sediment dispersal and deposition owldlge following the injection
day.

Table 3.3 summarises the meaning of the t&®niRSUSP andRFS.

Figure 3.2 shows how, RUSP and RFS are applied. This also shows the role of
RTC. Refer to this figure during the following detalldescription.

Ricatchkestiparticie 1S the fraction of the land-derived sediment lo&donstituent grainsize
iparticle from subcatchmentatch that is presented at EMB and that gets deposited i
subestuarkest at the end of the injection day.
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RSUSPatchkestipariicie 1S the fraction of the land-derived sediment |adconstituent
grainsizeiparticle from subcatchmenjcatch that is presented at EMB and that
remains in suspension in subestugyt at the end of the injection day.

The total mass of constituent grainsiparticle injected into the harbour from all
subcatchments that comes to be deposited in salpgdtest by the end of the
injection day is given by:

ncatch
z (LANDSEDIMENTEMBMASS

jcatch=1

jcatch,iparticle X chatch,kest,iparticle)
The total mass of constituent grainsiparticle injected into the harbour from all
subcatchments that remains in suspension in surgéist at the end of the injection

day is given by:

ncatch
z (LANDSEDIMENTEMBMASS

jcatch=1

x RUSP

jcatch,iparticle jcatch,kest,iparticle)

If kest corresponds to a deep chaniiek 0 andRSUSP = 1, since sediments are not
allowed to settle to the bed in deep channels.

R and RUSP between them account for all of the land-derivediment that is
injected into the harbour on injection day. That is

nest
Z(chatch,kest,iparticle + RSJSchatch,kest,iparticle) =1

kestdestination=1

For every subcatchmeri® andRSUSP are determined using the DHI model suite for
each of a number of constituent grainsizes unden e&a number of environmental
conditions (e.g., tides, winds, freshwater discharg separate simulation is run for
each subcatchment. Each DHI simulation duratiorons day (2 complete tidal
cycles).

R andRSUSP are evaluated at the end of each injection dagyTdre both averaged
over the subestuary and they are both dimensionBestf R andRSUSP may vary
according to grainsize, which permits differentigs&zes to disperse independently
around the harbour.

The termRFS governs the fate of land-derived sediment thatresin suspension at
the end of the injection day. This is the saRfi€S that governs the fate of sediment
that remains in suspension at the end of the resgsm day.
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Following the application ofRFS in the USC-3 model, all of the land-derived
sediment that was injected from each subcatchmeimjection day is deposited in a
subestuary (this cannot be a deep channel).

Following the application ofRFS the total mass of land-derived sediment of
constituent grainsiziarticle deposited in subestuakgstdestination is given by:

ncatch

Z (LANDSEDI M ENTEM BMA$'catch,iparticle X chaich,kest,iparticle X RFSparticle,kestorigin,kestdestination )

]
jcatch=1

3.4 Building the bed-sediment column

In this section, the development of the bed-sediroelumn is described.

3.4.1 Daysitis notraining

If it is not raining on the day at hand, then oalyy resuspension of estuarine bed
sediments by waves and currents is accounted for.

Firstly, the D5y grainsize of the bed-sediment active layer is Wdated in each
subestuary. For homogenous bed sediment (i.e ongstayer) D, is given by:

nparticle

D50 = z I:iparticle X Diparticle

iparticle=1
whereFisriqe IS the fraction of grainsiziarticle in the bed sedimenDigarice IS the
diameter of grainsizgoarticle, and there areparticle constituent grainsizes in the bed
sediment.

The same equation f@s, holds when the bed sediment is layered but, irrotd
facilitate calculation,Fipyige IS replaced byFALipaice, Which is the fraction of
grainsizeiparticle in the active layer of the bed sediment:

FAL = SEDIMENTMASSAL,

iparticle

| SEDIMENTMASSAL

iparticle

Here, SEDIMENTMASSAL is the total mass of sediment (i.e., all grainsjze the
active layer:
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nparticle
SEDIMENTMASSAL = z SEDIMENTMASSAL

iparticle=1

iparticle
andSEDIMENTMASSAL pariige IS the mass of grainsizgarticle in the active layer:

nlayersactive

SEDIMENTMASSAL, = z SEDIMENTMASS, o, iparticie

iparticle
ilayer =1
Here there are nlayersactive sediment layers in the active layer and
SEDIMENTMASS,aye iparticie 1S the mass of grainsizparticle in layerilayer of the bed
sediment:

SEDI'vlEl\rrl\/l'a‘$layer,iparticle = F

ilayer ,iparticle

x SEDIMENTMASS,

andF e ipariice IS the fraction of grainsizgparticle in layerilayer of the bed sediment.

The erosion depth in each subestuary is found mggato theED50 lookup table at
the value ofDs, for the subestuary at hareD50 is selected from the lookup table at
the closest value dds, in the table. Through the selectionED50 from the lookup
table, erosion is made to occur when and wherebtw shear stress due to the
combined wave and current flow exceeds the critgtedar stress for initiation of
motion, Tuiicar ThroughDs,, the different particle sizes that may constittite bed
sediment interact to govern erosion.

ED50 is converted to a mass of sediment to be erodsd the bed. The mass of
sediment eroded from the bed correspondingD&0 is given bySEDIMENTMASS =
Pettied X A X ED50, wheregseeqiS the bulk density of the bed sediment @nid the
area of the subestuary in question.

Layers are removed from the sediment column to Iguppe erosion. A certain
number of layers of bed sediment will be releagethfthe bed by the erosion. The
mass of sediment contained in each sediment laygvén bySEDIMENTMASS,ayer =
Psettied X A X THICKjayer, WhereTHICK oy is the thickness of sediment layiéayer.
Hence nlayerseroded sediment layers will be eroded, where:

nlayer seroded
> SEDIMENTMASS,,, = SEDIMENTMASS

ilayer=1

The active layer may embrace many layers in the setiment, which will have
resulted from previous sedimentation/erosion emsodtrosion is therefore affected
by the history of events, in the sense that sedirtagers build up over time, aridks,
takes into account the layering of the bed sediment
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The mass of sediment correspondindg=fab0 is partitioned amongst the constituent
grainsizes according to the percentage of eachtitmr® grainsize in the bed
sediment. If erosion removes a number of sedinay@rs from the bed and each layer
has a different grainsize composition, then partitig of the eroded sediment
amongst the constituent grainsizes takes into atdbat layering, as follows:

nlayer seroded

SEDIMENTMASS e = D, F

Iparticle ilayer ,iparticle

x SEDIMENTMASS

1layer

ilayer=1
where SEDIMENTMASS .0 IS the mass of sediment assigned to constituent
grainsizeiparticle. Note that:

nparticle
> SEDIMENTMASS 4. = SEDIMENTMASS

iparticle=1

For each subestuary, sediment eroded from all tiher subestuaries is deposited on
the bed using the terni®, R5SUSP andRFS, as described previously. The mass to be
deposited is converted to a thickness and depositeda single layer. The
proportioning of the deposited-layer thickness agstrthe grainsizes is identical to
the proportioning of the deposited mass amongsgithiasizes.

3.4.2 Daysitis raining

If it is raining on the day at hand, then any resmsion of estuarine bed sediments by
waves and currents is accounted for first. Theniapegtion of land-derived sediments
into the harbour is accounted for.

The resuspension of estuarine bed sediments bysvemgcurrents is accounted for as
described above, to the point where all the reswdgm estuarine sediment has been
deposited on the estuary bed (iRES has been applied).

The next steps deal with injection of land-derigediments into the harbour.

The mass of land-derived sediment of each constitgeainsizeiparticle that is
presented to the edge of the main body of the hardwod that now gets dispersed and
deposited in the harbour is given bANDSEDIMENTEMBMASSachjpariice: ThESE
loads may already have been attenuated if theyegassough a tidal creek on their
way from the base of the subcatchment to the efigfeeomain body of the harbour.
Any such attenuation is achieved by applying thet&TC as previously described.
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The total mass of land-derived sediment that isodiégd in each subestuary is
determined. This is accomplished by applying thenseR, RSUSP and RFS as
described previously, td. ANDSEDIMENTEMBMASScchipariice: 1h€ mass to be
deposited is converted to a thickness and depositeda single layer. The
proportioning of the deposited-layer thickness agsbrihe grainsizes is identical to
the proportioning of the deposited mass amongsgithiasizes.

Both the injection of land-derived sediments on tey it was raining and the

resuspension of estuarine bed sediments, alsceatethit was raining, have now been
accounted for.
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Table 3.1: Summary of the meaning of the ter&850, R5, R5USP andRFS.
Term Applies to Describes Varies with Specified for A pplied at Special
conditions
ED50 Estuary bed Erosion Weighted-mean Every End of Zero in tidal
sediment grainsize of bed subestuary resuspension creeks, sinks,
sediment (Dso) day deep channels
R5 Estuary bed Dispersal  Size of constituent  Every origin End of Cannot
sediment particle (Dcon) subestuary >  resuspension deposit
destination day sediment in
subestuary deep channel
combination
R5SUSP  Estuary bed Dispersal Size of constituent  Every origin End of All sediment in
sediment particle (Dcon) subestuary >  resuspension deep channels
destination day is leftin
subestuary suspension
combination
RFS Estuary bed Dispersal Size of constituent  Every origin Until all Cannot
sediment particle (Dcon) subestuary >  sediment left deposit
that is left in destination in suspension sediment in
suspension subestuary at end of deep channel
by R5SUSP combination resuspension
day deposits
oris lost to
sink
Table 3.2: Summary of the meaning of the teRWC.
Term Applies to Describes Varies with Specified for A pplied at
RTC Land-derived Attenuation Size of Every sub- End of
sediment of sediment constituent catchment that injection day
load in tidal particle (Dcon) discharges into a
creek subestuary that is

defined as a tidal
creek

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model
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Table 3.3: Summary of the meaning of the terRRIUSP andRFS
Term Applies to Describes  Varies with Specified for A pplied at Spec."ﬁ.’ll
conditions
R Land-derived Dispersal Size of Every origin End of Cannot
sediment constituent subestuary —  injection day deposit
particle (Dcon) destination sediment in
subestuary deep channel
combination
RSUSP Land-derived Dispersal Size of Every origin End of All sediment in
sediment constituent subestuary —  injection day deep channels
particle (Decon)  destination is left in
subestuary suspension
combination
RFS Land-derived Dispersal Size of Every origin Until all Cannot
sediment that constituent subestuary >  sediment left deposit
is leftin particle (Dcon)  destination in suspension  sediment in
suspension by subestuary at end of deep channel
RSUSP combination injection day
deposits or is
lost to sink

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model
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DAYS FOLLOWING
RESUSPENSION DAY

Subestuary i In suspension RFS
On bed =

Varies
by time
dispersal
Resuspension begins in
. 3 spring-neaj
of estuarine — R5 R5SUSP —» Deep channel In suspension RFS quuence ?
bed sediment )
Varies by f
wind
On bed

ED50 X
Varies by Sink \:

wind

(2) in suspension in deep channels, or
(3) lost to a sink.

At the end of the resuspension day, resuspended estuarine bed sediment may be
(1) deposited on the bed or in suspension in subestuaries that are not deep channels, that is in suspension at

RFS disperses sediment

the end of the
resuspension day.

Ultimately, all sediment that is resuspended on the resuspension day is accounted for by:

(1) deposition in a subestuary that is not a deep channel and
(2) loss to a sink.

Figure 3.1:  Summary of the way the terr&©50, R5, RSSUSP andRFS are applied.
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Discharge of land-
derived sediment
from subcatchment
directly into

main body of

harbour

Discharge of land-
derived sediment

tidal creek into
main body of
harbour

f Varies by
RTC freshwater
‘ discharge
Input of land-derived
sediment from bottom
of subcatchment to
head of tidal creek

from mouthof —— R RSUSP —» Deep channel

DAYS FOLLOWING
INJECTION DAY

RFS

Subestuary i In suspension
On bed |«

In suspension

!

On bed

Sink

Varies
by time
dispersal
begins in

RFS spring-neap
sequence

Al

At the end of the injection day, injected
land-derived sediment may be

(1) deposited on the bed or in suspension
in subestuaries that are not deep channels,
(2) in suspension in deep channels, or

(3) lost to a sink.

RFS disperses sediment
that is in suspension at
the end of the injection day.

Ultimately, all sediment that is injected on the injection day is accounted for by:
(1) deposition in a subestuary that is not a deep channel and

(2) loss to a sink.

Figure 3.2:

Summary of the way the terr®8C, R, RUSP and RFS are applied.
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4. Model Implementation

The implementation of the USC-3 model for southBanranga Harbour consists of
defining subestuaries and subcatchments, evaluftiegvarious terms that control

sediment transport and deposition inside the hayrlaefining the way land-derived

sediments are to be fed into the harbour at theatabment outlets, and assembling
weather time series for driving the model.

4.1 Subestuaries

e Sediments deposited in tidal creeks may not beegulently removed by
resuspension, and land-derived sediments thatthessgh tidal creeks are
attenuated. For this implementation, there ared#b treeks.

e Sediments deposited in sinks are removed from thdeim Predictions of
sedimentation are not made for sinks.

* Sediment is not allowed to deposit in or erode frai®ep channels.
Predictions of sediment accumulation are not madkeéep channels.

The original subdivision of southern Tauranga Harbmto subestuaries for the
purposes of application of the USC-3 model has esctribed by Hancock et al.
(2009). This original subdivision, which was convesl early in the study, was

subsequently modified following a detailed recossance of the harbour in February,
2009. The modified subestuaries are shown in Figute and further information is

given in Table 4.1. These modified subestuary defims are used from this point.

Refer to Appendix 1 for further information on hasiginal subestuary definitions

were modified.

e Subestuary 16—-MHR is the middle-harbour sandbanks.

* Subestuary 15-AGR is the embayment at the moutheoAongatete River.
Sediment discharged from the river is prograding ithe embayment, and
being colonised by mangroves.

e Subestuary 14-WNR is a dual embayment at the maiuthhe Wainui River.
The inner embayment is largely choked with mangsov&he outer
embayment features complicated sandbanks and $sland
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e Subestuary 13—-PAH is a sheltered embayment accéssadPahoia Beach
Road. The inner part of the embayment is largelguped by a centrally-
located stand of mangroves, but the mouth of theagment is open.

e Subestuary 12-WAI is at the mouth of the WaipapaeRiThere is a
depositional lobe associated with the river, angl itiner reaches are filled
with mangroves.

e Subestuary 23-OMO is the open intertidal flats leetv the mouth of the
Waipapa River and the western shore of OmokoroamBela.

e Subestuary 24—-OMI is the sandbank between theraastiere of Omokoroa
Peninsula and the western shore of Motuhoa Island.

* Subestuary 22-MOT is a mid-harbour sandbank tred tb the east of
Motuhoa Island.

e Subestuary 11-MGO is Mangawhai Bay Outer, whicls rallong the east of
Omokoroa Peninsula. This is open and flat, and segbdo winds and strong
tidal currents.

e Subestuary 20-MGI is Mangawhai Bay Inner. Thigrniglosed by the East
Coast Main Trunk rail line embankment, and is \ahy disconnected from
the adjoining outer embayment (i.e., 11-MGO, todhst of the rail line). It is
an effective sediment trap.

* Subestuary 10-TPO (Te Puna Outer) is partiallycsad by a spit complex at
the mouth, and is being colonised by mangroves.

e Subestuary 26—TPI (Te Puna Inner) is the inner @ockTe Puna estuary that
is enclosed by the East Coast Main Trunk rail @n@ankment. The pocket is
reached via Jess Road. It is virtually disconnedteth its adjoining outer
embayment (to the east of the rail line), and igffective sediment trap.

e Subestuary 9-WKA is Waikaraka estuary. Like 10-TROjs partially
enclosed by a spit complex at the mouth, and isxgoaiolonised by

mangroves.

* Subestuary 21-OIK is a mid-harbour sandbank teatdif Oikimoke Point.
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e Subestuary 8-WAR is at the mouth of the Wairoa RiVis is an area of
extensive, exposed sandflats.

e Subestuary 25-MAT is a small embayment near thetimofi the Wairoa
River, formed by the Matua peninsula. It is openhfinged with mangroves.

e Subestuary 7-WKE is Waikareao estuary, which reseivunoff from
Kopurererua Stream.

e Subestuary 4-WMA is Waimapu estuary, which receivasoff from
Waimapu Stream and which is enclosed at the mouththe SH2
embankment.

e Subestuary 5-TAC is the intertidal flats that rdang the Tauranga City
foreshore.

e Subestuary 6-WPB is Waipu Bay, which lies acrossmtain channel from
the Tauranga City foreshore.

* Subestuary 3-WEL is Welcome Bay. This is fringedrangroves.

e Subestuary 2-RNC is the central reaches of Ranga®ay. This receives
runoff from a number of streams (including Waitaand is fringed by
mangroves.

e Subestuary 1-SPE is the northeastern intertidat ftd Rangataua Bay,
adjacent to the speedway. This is fringed by maregowhich are thick in
places.

e Subestuary 19-HCK is Hunters Creek, which penetrdte southern end of
Matakana Island.

* Subestuary 18—-RGlI lies on the opposite (westedg ef Rangiwaea Island
from Hunters Creek.

e Subestuary 17-MKI is the intertidal flats that ralong the western, central
section of Matakana Island.

e Subestuary 27-SPO is the South Pacific Ocean, wtich sink. This
designation as a sink is based on the assumptidrité bulk of any sediment
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transported through the mouth of the harbour ipadised widely. By virtue of
its designation as a sink, the offshore regionlss arevented from eroding
and supplying sediment to southern Tauranga Harbour

e Subestuaries 28-DCS, 29-DCC and 30-DCN are debficiadluchannels that
convey rapid currents. They can neither accumutag@iment nor supply
sediment to the rest of the model domain belowrttial “basement” level.

4.2 Subcatchments

The subdivision of the catchment surrounding sauth€uranga Harbour into
subcatchments for the purposes of application ®UBC-3 model is shown in Table
4.2 and Figure 4.2. Note that the subcatchmentd ums¢his report differ from the
subcatchment codes used in the GLEAMS-TAU modelteyprts (Parshotam et al.,
2009; Elliott et al., 2009) by a value of 100. Thg for example, subcatchment 2 in
Parshotam et al. (2009) and Elliott et al. (20G9kubcatchment 102 in this report.
This change has been made to more readily disshghetween subestuaries and
subcatchments.

4.3 Sediment transport in the harbour

Sediment transport in the harbour is evaluatedgusile DHI estuary model suite,
which comprises the DHI Water and Environment (DMIKE3 FM hydrodynamic
model, the DHI MIKE3 MT sediment flocculation/trggmst model, and the SWAN
wave model. Together, these simulate tidal propagatithin the harbour, tide- and
wind-driven currents, freshwater mixing, waves, aediment flocculation, transport
and deposition. SWAN uses the water levels andeatrfields predicted by the
MIKE3 FM model in predicting wind-generated wavése predicted wave heights,
periods and directions are in turn used to quanifwe-induced bed shear stress,
which then transports sediments in the MIKE3 MT elod

The DHI model implementation and calibration foufanga Harbour are described in
Pritchard and Gorman (2009).

The DHI model suite is used to create a librarydatabase of sediment-transport
patterns in the harbour, which the USC-3 model th®moks up as it does its
calculations.

For creating that library, the calibrated MIKE3 Mifodel was used to simulate the
resuspension, transport and redeposition of fodinsnt grainsizes: 4, 12, 40 and 125
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um. These grainsizes represent: sediment washlosidwly-settling, low-density
sediment flocs; fine silt; coarse silt; and finadarespectively.

Fall speeds of 0.0001 m/s, 0.001 m/s and 0.01 rere assigned to the 12, 40 and 125
um fractions, respectively. These are Stokes falkdp assuming sediment density of
2.65 g/ni (quartz). Hence, the 12, 40 and 12% fractions are implied to be, as a
result, in an unaggregated state.

The fall speed for the gim fraction was set at 0.00001 m/s to representrsadi
washload and slowly-settling, low-density sedimiémts. 4 um is a nominal size for
this fraction.

4.3.1 Resuspension of estuarine bed sediments by waveslaurrents

ED50 (erosion depth on the resuspension day)

The DHI model suite was used to determiitig50 for each of fouDs, grainsizes (4,
12, 40 and 12%um) and three winds that apply on days it is natingj (calm, NW
wind at 6.34 m/s, ENE wind at 6.35 m/s) and fivenda that apply on days it is
raining (for rainfall 0.9-50 mm: calm, NW wind at3@ m/s, ENE wind at 6.35 m/s)
(for rainfall > 50 mm: NE wind at 7.12 m/s, SE wiad7.23 m/s). Wind was chosen to
vary because it is the primary control on wavedgcivim turn control resuspension of
bed sediment.

The simulation duration in every case was 1 dag (@mplete tidal cycle). The tide
range for each simulation was fixed (average range)

ED50 for each wind was calculated together wih and R5SUSP for the same wind
from the one DHI model run. How this was done isadied in the next section.

An example ofED50 by the end of the resuspension day is shown inrEigt.3
(subestuary 24—-OMl, sandbank east of Omokoroa Belan The bed sediment with
the smallest median grainsize apparently erode rti@n the bed sediments with
larger median grainsize. This makes sense, batithportant to realise th&D50 is
really a potential erosion depth, not an actual diés is because (described in next
section)ED50 is calculated using the DHI model on a subestbgrgubestuary basis,
with the whole harbour apart from the subestuarguastion being “concreted”. The
actual erosion depth in any given subestuary afisesthe combination of erosion in
the subestuary in question and deposition of sediftem all other subestuaries in
the harbour. It is because the latter is turnedimfthe DHI model runs used to
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determineED50 that ED50 so calculated is not actual. (Of course deposii®n
accounted for in the USC-3 model.) Figure 4.3 shihas winds at the site in question
have an effect oED50 by the end of the resuspension day, but the pdatiavind
direction does not.

Figure 4.4 compareEDS50 by the end of the resuspension day at an expdsed s
(subestuary 24—-OMlI, sandbank east of Omokoroa BelainwithED5S0 at a sheltered
site (subestuary 3—-WEL, Welcome Bay). There isudily no resuspension of bed
sediment at the sheltered site.

ED50 was determined for each of foDg, grainsizes: 4, 12, 40 and 1@, which, in
effect, creates a lookup table of values that edusy the USC-3 model. When bed-
sediment erosion is applied in the USC-3 model, bee-sedimentDs, in the
subestuary in question is first calculated, and the lookup table of erosion depths is
selected from at the closest corresponding value.

R5 and R5SUSP (describe sediment dispersal and deposition on tliesuspension
day)

The DHI model suite was used to determideandR5SUSP for each of the fouD.qn
constituent grainsizes (4, 12, 40 and 1@%, where 4um represents washload / low-
density, slowly-settling sediment flocs) and thrmeeds that apply on days it is not
raining (calm, NW wind at 6.34 m/s, ENE wind at®r8/s) and five winds that apply
on days it is raining (for rainfall 0.9-50 mm: calMW wind at 6.34 m/s, ENE wind
at 6.35 m/s) (for rainfall > 50 mm: NE wind at 7.#s, SE wind at 7.23 m/s). As
mentioned previously, wind was chosen to vary bgeatiis the primary control on
waves, which in turn control resuspension of betinsent.

For each combination of sediment, environmentatitmn and “origin” subestuary, a
separate DHI model run was required.

For each model run, all subestuaries except thgnosubestuary were “concreted”.
That is, only the bed sediment in the estuary iestjan was allowed to erode. (If the
DHI model were able to simultaneously track seditmérom different origin areas in
the harbour then this would not be necessary.) DR model was run for two
complete tidal cycles. Model runs started at higa and ended at high tide. High tide
corresponds approximately to slackwater.

An example ofR5 andR5SUSP at the end of the resuspension day is shown iar€ig
4.5. Sediment resuspended from subestuary 2-RNQyéRaua Bay) is seen to spread
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into the northern sector of Rangataua Bay (1-SPW8lcome Bay (3—-WEL) and
beyond (the foreshore along Tauranga City [5-TAG{ aVaipu Bay [6—-WPB]).
Sediment is left in suspension in the deep charingide harbour, but no sediment is
lost outside the harbour mouth by the end of éseispension day. The different wind
directions do not seem to have much effect on tkpedsal patterns, presumably
because the origin subestuary is more-or-less ggembposed to all wind directions,
and no significant residual circulation is set yptte wind.

Note:

« The amount of sediment resuspended in each origiassuary is given by
EDS0.

» If the destination subestuary corresponds to a deapnel, them5 is forced
to 0, since sediments are not allowed to setttbddoed in deep channels.

« Sediment may deposit in the same subestuary froichvithis resuspended,
but this is not reflected in values fi@b. Instead ED50 naturally accounts for
this. As a resultRS;exorigin kestgesination = 0 Whernkestorigin = kestdestination.
R53USPkestorigin,kestdestination may be nonzero whekestorigin =
kestdestination.

R and RSUSP (describe sediment dispersal and deposition on thiejection day)

The DHI model suite was used to determihiand RSUSP for each of the foub¢,
constituent grainsizes (4, 12, 40 and 1@2% where 4um represents washload / low-
density, slowly-settling sediment flocs) and theefivinds that apply on days when it
is raining (for rainfall 0.9—-50 mm: calm, NW wintl&34 m/s, ENE wind at 6.35 m/s)
(for rainfall > 50 mm: NE wind at 7.12 m/s, SE wiatd7.23 m/s).

For each combination of sediment, environmentattmn and origin subcatchment,
a separate DHI model run was required.

For each model run, a unit load of suspended sedinvas injected in suspension
over 24 hours at the subcatchment outfall in qaestirhe injection point was the
element in the harbour model closest to the suboaat outlet. The injected
sediment was tracked as the simulation proceedédsubestuaries in the harbour
were “concreted”. That is, bed sediment in subessiavas not allowed to erode.
However, land-derived sediment was able to settid &e resuspended from
subestuaries, as dictated by the hydrodynamics. OWE model was run for two
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complete tidal cycles. Model runs started at high aind ended at high tide. High tide
corresponds approximately to slackwater.

An example oR andRSUSP by the end of the injection day is shown in Figdre,
for land-derived sediment from Matua subcatchm&fa6{MAT) discharged initially
into the Matua subestuary (25-MAT). Most of the isaht is retained in Matua
subestuary, but some escapes into the adjacerdtaabeat the mouth of the Wairoa
River (8—-WAR) and beyond into the deep channelg fliler grainsizes escape into
the wider harbour, and the coarser grainsizesedagned near the point of discharge.
Neither wind direction nor rainfall seem to haveamwof an effect on the dispersal
patterns.

4.3.2 Dispersal of sediment on days following resuspensid injection day

RFS (describes sediment dispersal and deposition oneldays following the
resuspension day)

The DHI model suite was used to deterniiis for each of the foubD.,, constituent
grainsizes (4, 12, 40 and 126n, where 4um represents washload / low-density,
slowly-settling sediment flocs) and three tide-raisgquences. Tide range was chosen
to vary because this has the greatest effect ameaddispersal over the longer term
(i.e., more than one day). Tide range was varieddying the starting point in the
spring-neap cycle (spring—mean—neap..., neap—meangspy mean—spring—
mean.... ).

For each combination of sediment, environmentaditan and origin subestuary, a
separate DHI model run was required.

A unit load (1000 kg) of sediment was placed inpeusion in the origin subestuary at
hand at the start of each model run, and track&td“equilibrium” was attained. This
was defined as the time when all (99%) of the sodpd sediment could be
accounted for by settlement to the bed (anywhertdenharbour where deposition is
permitted) or loss to a sink.

At the end of each model run, a sediment budgebmstructed, an&FS calculated
accordingly.

Figure 4.7 shows a comparison betw&8rat the end of the resuspension day Bid
at equilibrium (i.e., after applyingrRFS) for estuarine sediment resuspended from
subestuary 2-RNC (Rangataua Bay). (Note that afiplication ofRFS no sediment

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 33



—NIWA_—

Taihoro Nukurangi

is left suspended anywhere in the model domain.celetihere is no sediment in the

deep channels, since sediment in deep channelsrdgrbe in suspension.) On the

days following the resuspension day, sedimentwiaatin the deep channels at the end
of the resuspension day is lost outside the harbwurth. Furthermore, more of the

finest grainsize is lost to offshore compared te doarser grainsizes. This result is
typical of sediment resuspended from every subgstua

Figure 4.8 shows a comparison betwéeat the end of the injection day aRdat
equilibrium (i.e., after applyindRFS) for land-derived sediment injected from the
Matua subcatchment (116—MAT). (Note that after mpgilon of RFS no sediment is
left suspended anywhere in the model domain. Heheeg is no sediment in the deep
channels, since sediment in deep channels canbenig suspension.) Similar &b,
most of the sediment in the deep channels at thekthe injection day ends up being
lost outside the harbour mouth, with more of timeffigrainsizes being lost.

4.4 Evaluation of land-derived sediment loads at BOC

The GLEAMS-TAU model provides daily land-deriveddsrent loads at the base of
each subcatchment.

Even though the daily GLEAMS-TAU timestep matchies obne-day timestep in the
USC-3 model associated with injection of land-dedivnaterial into the harbour, there
is still some manipulation required to assemblesehi@ads for input into the USC-3
model.

Catchment landuse in both the 55-year future pg20@1—-2055, which is the period
of interest as far as management decisions andypiaimulation are concerned) and
the 58-year historical period (1943-2001, whichthe period for calibrating and
validating the USC-3 model) is typically fixed iD-¥ear blocks for input into the
GLEAMS-TAU model. For example, in the future periddnduse may be fixed in
each of four 10-year blocks with (for example):

block 1 representing the period 2001-2010;

block 2 representing the period 2011-2020;

block 3 representing the period 2021-2030;

block 4 representing the period 2031-2040.
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The final block, block 5, represents the 15-yeaigoe2041-2055.

The landuse specified in each of these future-gdsiocks of course reflects proposed
development scenarios being considered in the sflithg landuse specified in blocks
that span the historical period are based on atamause for those times.) In each
block, the landuse is fixed.

GLEAMS-TAU is run separately for each block, driviepna (say, for the purposes of
this explanation) 50-year daily rainfall time seri® create a corresponding 50-year
daily sediment runoff time series from each suldwaent. The 50-year rainfall series
used to drive the GLEAMS-TAU simulations may benfrthe past 50 years, on the
assumption that future weather will not be that mulifferent to past weather.
Alternatively, the 50-year rainfall series may b#juated to reflect the anticipated
changes in climate in future years.

The GLEAMS-TAU model runs are then subsampled &ater daily sediment loads
from each subcatchment, as follows.

To create the daily sediment loads needed by the-8&odel for the period 2001-
2010, 5 x 2-year sub-blocks are randomly seleatanh the 50-year GLEAMS-TAU
sediment runoff time series from block 1. The selésub-blocks are placed back-to-
back to provide the daily inputs for the 10-yeariqgue 2001-2010. This procedure is
repeated, randomly selecting 5 x 2-year sub-bldok® each block of GLEAMS-
TAU data, until the 55-year daily time series nekde drive the USC-3 model is
created.

The advantage to this block-sampling scheme, whictignificant, is that the effects
on sediment generation of antecedent rainfall andfall intensity on the day of
generation, both of which can create large vaiitghih the response of the catchment
to rainfall, can be captured. For example, sedingatl (sediment generation per unit
rainfall) may be higher under intense rainfall ai@ extended period of dry weather
compared to less intense rainfall when the grosmghrtly saturated. These effects are
captured in GLEAMS-TAU, and they get transferredthe USC-3 model by using
sequences of GLEAMS-TAU output to drive the USC-8dei. This was not the case
in the previous version of the USC model (USC-2)jolr assigned a fixed sediment
runoff to events covering a range of rainfalls.

Extreme sediment-generation events are capturedeirbO-year series produced by
GLEAMS-TAU (this is the reason GLEAMS-TAU is runrf60 years, even though
the landuse typically spans less than that perima)they are not necessarily captured
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in the USC-3 model by the scheme described this Tar ensure that extreme
sediment-generation events do get captured in 8@-8 model, it is run in a “Monte
Carlo package”. Specifically, the USC-3 modelus N times to creatéN sets of
predictions for the 55-year future period, whatés of the order 10 The N sets of
predictions are averaged to give one set of “aw@rpgedictions for the future period,
and it is these average predictions that are delivto the user. Each of the runs of
the model is driven by a different time series edisment runoff from rural sources,
randomly constructed as just described. The s&t simulations, constructed in this
way, will properly account for extreme events, @od asN is “large”.

4.5 Evaluation of weather time series

The particular sediment dispersal patterns (aesemted byEDS0, R, RS and RFS)
that the USC-3 model applies on a daily basis dees its calculations are determined
on the basis of a daily weather time series, whimhprises daily rainfall, wind speed
and wind direction. That is, a daily weather tinegiess for the period of interest is
required to drive the USC-3 model.

The daily rainfall is determined as a by-productlsd same block-sampling scheme
used to create the daily sediment runoff from th&ESMS-TAU model output. In
effect, each time a daily GLEAMS-TAU sediment runa$ picked out by the
sampling scheme, the corresponding daily raingadlso picked out.
The daily wind (speed and direction) is determidwdrandom sampling from a
distribution of winds. The particular winds appliedthe DHI model suite to generate
the library of sediment-transport patterns in tagbbur have already been mentioned.
The following probabilities are applied to thesenag to form the distribution of
winds which is interrogated by the random sampling:
e Days it is not raining:

o calm-0.90,

0o NW wind at 6.34 m/s — 0.05,

o ENE wind at 6.35 m/s — 0.05.

e Days itis raining, and rainfall 0.9-50 mm:

o calm-0.85,
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Table 4.1: Characteristics of (modified) subestuaries forghgroses of application of the USC-3
model. The area shown in the table is the totaésuiary area.

Code Subestuary Area (m 2) Sink Tidal Deep
Creek Channel

1-SPW Speedway 2,300,000

2—-RNC Rangataua Bay 5,000,000

3 -WEL Welcome Bay 1,500,000

4 —WMA Waimapu 1,500,000

5-TAC Tauranga City foreshore 3,600,000

6 —WPB Waipu Bay 3,200,000

7 — WKE Waikareao 2,600,000

8 - WAR Mouth of Wairoa River 3,234,013

9 — WKA Waikaraka 800,000

10-TPO Te Puna (outer) 829,639

11 - MGO | Mangawhai Bay (outer) 1,926,783

12 — WAI Mouth of Waipapa River 1,400,000

13 - PAH Pahoia Beach Road 1,300,000

14 - WNR | Mouth of Wainui River 3,600,000

15 - AGR Mouth of Aongatete River 3,400,000

16 — MHR Middle-harbour sandbanks 16,400,000

17 — MKI Matakana Island 4,800,000

18 - RGI Rangiwaea Island 2,400,000

19 — HCK Hunters Creek 6,300,000

20 — MGl Mangawhai Bay (inner) 473,217

21 - OIK Oikimoke Point 3,500,000

22 —MOT | Sandbank east of Motuhoa Island 1,900,000

23 - OMO | West of Omokoroa Peninsula 2,600,000

24 — OMI Sandbank east of Omokoroa Peninsula 900,000

25 - MAT | Matua 700,000

26 —TPI Te Puna (inner) 770,361

27 —SPO | Ocean n/a v

28 - DCS Deep channel south n/a v

29 — DCC | Deep channel central n/a v

30 -DCN Deep channel north n/a v
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Table 4.2: Division of the catchment into subcatchmentstfa purposes of application of the
USC-3 model. The subcatchment codes shown in tgizef are taken from the
GLEAMS-TAU modelling reports (Parshotam et al., 20&lliott et al., 2009) and
they differ from the subcatchment codes used mrigport by a value of 100. That is,
for example, subcatchment 2 in Parshotam et aD9R@nd Elliott et al. (2009) is
subcatchment 102 in this report. This change han bmade to more readily
distinguish between subestuaries and subcatchments

Code Subcatchment
101 - MKE Matakana 1
102 — MMI Mount Maunganui
103 — PAP Papamoa

104 —-WTO Waitao

105 - KMK Kaitemako
106 - WMP Waimapu

107 — KOP Kopurererua
108 - WAR Wairoa

109 - OTU Oturu
110-TPU Te Puna

111 - MGW Mangawhai
112 - WAI Waipapa

113 - APA Apata

114 - WNR Wainui

115 - AGR Aongatete
116 — MAT Matua

117 — MKW Matakana 2
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Figure 4.2:  Division of the catchment of southern Tauranga darkinto subcatchments for the
purposes of application of the USC-3 model. Thecatdhment codes shown in this
figure are taken from the GLEAMS-TAU modelling refgo(Parshotam et al., 2009;
Elliott et al., 2009) and they differ from the sabthment codes used in this report by
a value of 100. That is, for example, subcatchn2eimt Parshotam et al. (2009) and
Elliott et al. (2009) is subcatchment 102 in thépart. This change has been made to
more readily distinguish between subestuaries ahdaschments.
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ED50 (m) (by end of resuspension day)
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Figure 4.3:  EDS50, subestuary 24—OMI (sandbank east of OmokoroanBela) by the end of the
resuspension day.
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Figure 4.4:  Comparison ofED50 by the end of the resuspension day at an expeged
(subestuary 24—-OMI, sandbank east of Omokoroa Belainand a sheltered site
(subestuary 3-WEL, Welcome Bay).
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Figure 4.5: R5 and R5SUSP (dimensionless) showing the dispersal of estuahed sediment
resuspended from subestuary 2—-RNC (Rangataua Bapwn the arrow) by the end
of the resuspension day.
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Figure 4.6: R andRSUSP (dimensionless) showing the dispersal of landwerisediment injected
from subcatchment 116 (Matua — shown the arrowthbyend of the injection day.
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Figure 4.7:  Comparison betwedrb at the end of the resuspension day Bhat equilibrium (i.e.,
after applying RFS) for estuarine sediment erodethfthe Rangatua Bay (2—RNC)
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5. Model Calibration

5.1

The USC-3 model was run for the 58-year historigafiod 1943 to 2001, with
sediment inputs from the catchment appropriate het period. The aim of the
calibration process was to adjust various termghm USC-3 model so that its
hindcasts (“backward-looking predictions”) duridngthistorical period came to match
observations from that same period.

For model calibration, the USC-3 model was run iMente Carlo package, which
consisted of 100 individual USC-3 model runs. Therage of the 100 individual
model outputs was used in the calibration process.

Sediment inputs

The block-sampling scheme described in the prevéegtion was applied to the 2001
GLEAMS-TAU model outptitto produce the daily land-derived sediment loddhe
base of each subcatchment for the 58-year histqrézéod (1943—-2001).

The split of the GLEAMS-TAU sediment loads by catugint grainsize was based on
analysis of samples that were collected from aeasfgocations in the Kopurererua
catchment during a heavy rainfall event on 30—-3¢ 2008. The sampling locations
are shown in Figure 5.1 and Table 5.1. The sampére collected by EBOP using a
sample pole to submerge the bottle at a near-sudad a mid-stream (mid-flow)

location. As the depth was shallow at all the sim#en in the rain events, this
provides a sample representative of the main chdlowe Samples were selected for
analysis to represent the upper and lower partheoitatchment and both the rising

2 The GLEAMS-TAU hindcast sediment loads to the barbfor the historical landuse
coverages (1943, 1959, 1973) were significantlfedént from the 2001 loads (up to 50%).
This result was considered to be unrealistic, githenfairly small changes in landuse in the
catchment overall. Upon further analysis, it wasnii that the change in hindcast sediment
load was related more to changes in the method agfping landuse than to actual landuse
change. For example, the landuse maps in 1943dawvarse spatial resolution compared with
the 2001 landuse, which introduces artifacts, d&edlanduse categories for the 1973 landuse
data did not translate well to the categories us&2D01. These differences in sediment runoff
associated with differences in landuse represemtdiad the potential to result in unrealistic
trends in sediment loading to the harbour, and egmsnt artifacts in the trends of sediment
deposition rates. Rather than risk these artifaxtdecision was made to use just the 2001
landuse for hindcasting. This is unlikely to resalsignificant errors, as the overall change in
landuse in the catchment has been modest. Whilee smmub land has been converted to
pasture, and some pasture landuse has been cahtepme plantations, the overall change in
the degree of vegetation cover has not been gs@eover, it was found in simulations of
future landuse, that urbanisation makes only alsoaatribution to the overall sediment load
to the harbour; historical urbanisation would gigobably have made only a relatively small
contribution. For these reasons, it was considereck suitable to use the sediment loads from
2001 for the hindcast simulations.
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and falling stages of the hydrograph (Figure 5)e samples were analysed to
determine particle size distribution using an ANKERD EyeTech laser particle
sizer. This instrument uses a laser, camera angeimaalysis to measure and count
particles as suspended sediments are pumped theoaghtinuous flow cell. In this
way, many particles are counted and robust granstatistics are provided. Samples
were counted for 300 seconds after disaggregatjonltbasound. Mean grainsize by
volume was determined for each sample, as wehapercentage distribution in the
grainsize classes <@m, 8-25pum, 25-100pum and >100pum. (The volume
measurement provides the statistic that is mositaito the particle size that would
be achieved by sieving, and is the statistic tlsatmost relevant for use in
erosion/deposition mass-balance models). The sesué shown in Table 5.1 and
Figure 5.3. The average particle-size distributieas found to be 18.6% / 17.5% /
49.9% / 14.0% in the classes g, 8—25um, 25-10Qum and >10Qum, respectively.

The split of the GLEAMS-TAU sediment loads at thesé of each subcatchment by
constituent grainsize was based on this averagigbdigon as follows.

For every subcatchment except 108-WAR (Wairoa),—K@P (Kopurererua) and
106—-WMP (Waimapu), the average Kopurererua didiohun the size classes @n
and 8-25um was equated with the constituent grainsizesrd and 12 pm,
respectively. Then, the average Kopurererua digidhs in the size classes 25-100
pm and >10Qum were added together and the sum was equatedheitbonstituent
grainsize 40um. The 125um constituent grainsize was set to zero. This tesual
splitting the GLEAMS-TAU sediment loads at the basevery subcatchment except
108-WAR, 107-KOP and 106—WMP into 18.8% / 17.598.8% / 0% for the 4, 12,
40 and 125um constituent grainsizes. The three constitueningizes 4, 12 and 40
um will be referred to collectively throughout thesmainder of this report just as “fine
sediment”. The sediment runoff from every subcathirexcept 108—WAR, 107—
KOP and 106-WMP therefore consists exclusivelyfiofe* sediment”. This will make
the interpretation of results considerably simpler.

Bell et al. (2006) reported bedload as a percentdgrispended sediment as being
45% for five divisions of the catchment that dratosTauranga Harbour. That is,
bedload is 31% of the total load. The Kopurereraming is biased towards the
suspended-sediment load, and the GLEAMS-TAU modekaot treat bedload at all.
Following Bell et al., a method was developed ude a bedload component in the
sediment runoff from just the three largest subiatnts (108—-WAR, 107-KOP and
106-WMP). The GLEAMS-TAU loads at the base of eatthese subcatchments is
assumed to be just the load in suspension. FoltpBiell et al., the total load is then
given by 1.456, where G represents the GLEAMS-TAU (suspended) load, and
0.45>G is the bedload. Hence, the bedload is 0.45/1.453% of the total load; the
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suspended load is 1.00/1.45 = 0.69 of the totad;lead the bedload is 0.45/1.00 =
0.45 of the suspended load. Based on this calonlati.00% is assigned tthe three
constituent grainsizes 4, 12 and 4@ (“fine sediment”, travelling in suspension) as
before, and 0.453 is assigned to the 12fm constituent grainsize (“coarse
sediment”, travelling as bedload). This gives altsediment runoff of 1.4%% (sum

of suspended load and bedload) for 108-WAR, 107-K@P106—-WMP.

Figure 5.4 shows daily sediment runoff (sum ofgahliinsizes) versus daily rainfall
constructed from one example time series constluet® just described, which
demonstrates variability in response of the catetirte rainfall, which is captured in
the model.

Table 5.2 show the annual-average fine-sedimemfrimom each subcatchment. The
largest sediment runoff is from the Wairoa Rivebcatchment (108-WAR) and the
smallest is from Matakana 1 (101-MKE). Generallprensediment comes from the
larger subcatchments. In addition, more sedimemtesofrom the subcatchments that
discharge to the western shoreline of the harbwbich are steeper) compared to the
subcatchments that discharge to the eastern s gthich are flatter).

Table 5.3 shows the annual-average coarse-sedimeoff from each subcatchment.
As explained previously, coarse sediment is presumeriginate only from the three
largest subcatchments (108-WAR, 107-KOP and 106-YVNHrthermore, the
coarse sediment runoff is contrived so that it taries about 31% of the total
sediment load from those subcatchments.

Figure 5.5 shows the annual fine-sediment runafinfreach subcatchment for each
year in the historical period 1943-2001. This is #mnual runoff averaged over all
USC-3 model runs in the Monte Carlo package.

5.2 Grainsize composition of subestuary bed sediments

The grainsize composition of the surface mixedrayeach subestuary in the USC-3
model domain needs to be specified for the statie@historical period to initialise the
model. With no information on past conditions aablé, the present-day grainsize
composition, described by Hancock et al. (2009) sayadied.

Hancock et al. (2009) provided information on mgeainsize and mean bed-sediment
composition across three size classes from sudadament samples reported in
various literature sources: <38n (“mud”), 63—-200pum (“sand”) and >200um

(“gravel”). These classes were dictated largelyth®y way grainsize information was
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presented in the various source reports that tloeniation was extracted from, and
the classes do not align very tidily with the cansint grainsizes used in this study.
Hence, some simplifications were required, as falo

The measured (i.e., the mean result reported bycdtanet al. from the literature)
>200 um fraction was assigned to a 5Qfh constituent grainsize in the model bed
sediment. This constituent is not allowed to mavahe model, and is included to
match the model bed-sedimddd, to the measured bed-sedim&it. The measured
63—200um fraction was assigned to the 1@B constituent grainsize in the model.
The measured 25-6@m fraction was divided evenly between the 12 andu#0
constituent grainsizes in the model. Hence, assaltr@f this scheme, the gm
constituent grainsize, which represents slowlisgitlow-density sediment flocs, is
not present initially in the model bed sedimentwdwer, a part of the GLEAMS-
TAU sediment runoff is assigned to thaush constituent grainsize, so this grainsize
may accumulate in the estuarine bed sediment asrtheation proceeds. However, in
practice, this was found not to occur, as thistfoacis widely dispersed, and typically
is lost to the coastal ocean.

53 Results

Although it is possible to adjust more in the caiibn process, just one parameter
needed to be adjusted in this case to achieveratdih. This was the erosion depth
(ED50), which was reduced for all values B, by approximately half across the

model domain to achieve a reasonably good matciveleet the set of measured

annual-average sedimentation rates and the setindftdst (1943-2001) annual-

average sedimentation rates. There were six reliat@asurements of sedimentation
rate, from Hancock et al. (2009), available to uséhe calibration process. Five of

these measurements were derived from radioisotigiing of sediment cores, and the
sixth derived from a study of organochlorine contants. It is important to note that

the model as a whole is calibrated in this wayjregahe whole set of sedimentation
measurements; in general, it is not possible tibiede the model subestuary-by-
subestuary. The reason is that sediments are eyettammongst subestuaries, and
therefore any particular subestuary cannot be densid in isolation from the rest of

the model domain.

The fine-sediment sedimentation rates hindcashbycalibrated model are shown in
Figure 5.6 and the coarse-sediment sedimentati@s &e shown in Figure 5.7. A
brief discussion of these follows. A more comprediesm discussion and analysis
requires taking account of sediment-transport pajfsw sediment runoff from the
land, and proportion of the sediment runoff thasdest to the coastal ocean, amongst
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other things. A comprehensive analysis, includimgihfluence of all of these factors,
will be given with the model results in Technicag®rt E2 of the study (Green, M.O.,
2009. Tauranga Harbour Sediment Study: Predictdm$arbour Sedimentation under
Future Scenarios. NIWA Client Report HAM2009-078).

The following comments relate to hindcast fine-seghtsedimentation rates shown in
Figure 5.6:

* Hindcast fine-sediment sedimentation in the cemrathes of the harbour to
the north of the harbour mouth is zero (region leahby the yellow line in
Figure 5.6, which encompasses 8-WAR, 21-0IK, 22-M@4-OMI, 23—
OMO, 16-MHR and 17-MKI). These reaches are scobsetidal currents
and are exposed to locally-generated windwavedrdatiently resuspend bed
sediments. This prevents the accumulation of fedirsents, and the seabed
in these areas is typically hard-packed, clearpleigp sand. The hindcast
sedimentation rate of zero in 8-WAR is consisteith iHancock et al.’s
(2009) conclusion that the core data from 8—WARGdat: “a highly wave-
exposed intertidal flat, with negligible long-termccumulation of fine
sediments”. The core data from 23—OMO are alsoistamg with an exposed
area where, according to Hancock et al. “long-texccumulation of fine
sediments is negligible”.

* The hindcast fine-sediment sedimentation rate ibeswary 11-MGO is
small. The seabed in this area is also hard-pasked and it is exposed to
winds and strong tidal currents. Hence, it is fiord@lly similar to the central
reaches of the harbour (region bounded by dashemwine in Figure 5.6 to
indicate that similarity).

* Hindcast fine-sediment sedimentation in the cem&ath of the harbour to the
south of the harbour inlet (5—-TAC) is also zeroisTdrea is swept by strong
tidal currents and the seabed is sandy. The loigy Gixthis area presents a
long fetch to northeasterly winds, which generaseeg that scour the bed of
fine sediments.

¢ Hindcast fine-sediment sedimentation in 6-WPB iy @enall. This is close to
the mouth of the harbour, which favours loss o€ faediment to the coastal
ocean, and it drains a catchment (102—-MMI) witteey\small sediment yield.

¢ Both 4-WMA and 7-WKE (bounded by the light cyanelim Figure 5.6)
have, on the face of it, surprisingly low hindcsstlimentation rates given that

Tauranga Harbour Sediment Study: ImplementatiehCeadibration of the USC-3 Model 52



—NIWA_—

Taihoro Nukurangi

they are virtually impounded and that the sedinmanoff from the respective
adjacent subcatchments is quite high. Howeverrdbpective catchments are
also quite large, which means that freshwater rfumdgfi be large and
therefore capable of flushing the embaymént§urthermore, both
embayments are close to the mouth of the harbduchwfavours loss of fine
sediment to the coastal ocean. In both 4-WMA and/KRE, the hindcast
fine-sediment sedimentation rate is similar to Hdakc et al.’s reported
measured sedimentation rate.

« Hindcast fine-sediment sedimentation in the centralre exposed reaches of
Rangataua Bay (2—-RNC) is smaller than in the mbedtered fringes, which
have experienced rapid mangrove spread in receas yd—-SPW and 3-
WEL) (region bounded by red line in Figure 5.6).nBataua Bay drains
subcatchment 104-WTO, which has a high sedimemffun

e The four northernmost subestuaries in the modelAGR, 14-WNR, 13-
PAH and 12-WAI, region bounded by pink line in Higb.6) have similar
hindcast sedimentation rates, which are high coetpao elsewhere in the
model domain. In each case they deposit sedimemtlyrfaom the adjacent
subcatchment, as a group they are far from the imafuthe harbour, and tidal
currents in this central part of the harbour atatirely weak, all of which
favour retention of fine sediment. The measurednseutation rate reported
by Hancock et al. in this region (1.6 mm/year) imikr to but somewhat
smaller than the hindcast sedimentation rate inclbeest subestuary (2.4
mm/year in 14-WNR). However, Hancock et al.’'s ca@s taken near the
boundary of 14-WNR and 16—-MHR, where the sedimamtatate can be
expected to be smaller. Hancock et al. note tharevthe core was taken, the
radioisotope profiles are “consistent with a waxpased intertidal flat
environment”.

* The hindcast fine-sediment sedimentation rate #VEBI is similar to that in
the four northernmost subestuaries. However, thisestuary is virtually
enclosed by the East Coast Main Trunk rail line aadt is not functionally
similar to that group of subestuaries. SubestuéryTPI is also enclosed by
the rail line, and this subestuary features thdndsg hindcast sedimentation
rate. (These subestuaries are bounded by the oliaege Figure 5.6).

% Hancock et al. (2009) suggested that sedimentatich-WMA is caused by low sediment
inputs from the catchment and energetic wave resispn of bed sediments. However, the
GLEAMS-TAU hindcasts do not support the former mlajsubcatchment 106, which drains
into subestuary 4-WMA, has the second-largest sedimunoff of all subcatchments in the
historical period), and the embayment is small andlosed, which will limit the growth of
waves.
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e Subestuary 10-TPO and 9-WKA (bounded by the bhesiti Figure 5.6) are
both partially enclosed by a spit complex at theutnpare both small, and
both drain small catchments. The hindcast finersedt sedimentation rate is
intermediate between the sedimentation rate inréspective impounded
headwaters and the sedimentation rate in the ¢eaaehes.

 The hindcast fine-sediment sedimentation rate ia ttvo subestuaries
enclosed by Matakana Island (18—RGI and 19-HCHKgprebounded by black
line in Figure 5.6) is small. The sediment runeffim the respective adjacent
subcatchments (117 and 101) is small. Hancock.st @re data indicate a
sedimentation rate of 1.3 mm/year, which is muaigda than the hindcast
fine-sediment sedimentation rate. A possible exgian is that the core was
taken in a localised depositional sink, althougte agas taken in the sampling
to avoid that situation. A more likely conclusios that the model is not
performing well in this area.

The hindcast_coarse-sedimesgdimentation rates are shown in Figure 5.7. @oars
sediment was only discharged from the three largabtatchments in the model
domain (108-WAR, 107-KOP and 106-WMP), and it wagntl that the coarse
sediment so discharged was not dispersed in theslntodther subestuaries beyond
the subestuary at the base of each respectivetshb@ent, although a small fraction
of the coarse sediment runoff did escape to thestabacean. Hindcast coarse-
sediment sedimentation rates are shown in Figte 5.

e The hindcast coarse-sediment sedimentation rate %vds mm/year in
subestuary 8—-WAR at the mouth of the Wairoa Rieexd 2.4 mm/year in
subestuary 25-MAT, which is immediately adjacerdantbck et al. were not
able to establish a sedimentation rate there (@hdhey did conclude that
fine sediments do not accumulate in this regioniciviis consistent with the
hindcast fine-sediment sedimentation rate of z&Bdjen that this part of the
harbour is the principal coarse-sediment deposititobe associated with the
Wairoa River the hindcast coarse-sediment sedirtienteate does not seem
unreasonable.

« The hindcast coarse-sediment sedimentation rate 3vAsmm/year in 4—
WMA. This is much greater than Hancock et al.’'s suead value of 0.8
mm/year. However, Hancock et al. did note thatrtdating was applied to a
“low-density mud layer”, and so their result can ingerpreted as a fine-
sediment sedimentation rate. If that is the casen tit is pleasing that the
hindcast fine-sediment sedimentation of 1.1 mm/ygaimilar to Hancock et
al.’s measured value of 0.8 mm/year.
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e The hindcast coarse-sediment sedimentation ratel\@asm/year in 7-WKE,
which is the Waikareo estuary at the mouth of tlopugererua River. Added
to the hindcast fine-sediment rate of 0.9 mm/y#as, gives a total hindcast
sedimentation rate of nearly 2 mm/year, which icéwthe measured value
reported by Hancock et al. The measured rate meghdoy Hancock et al. in
107-WKE was derived by Burggraaf et al. (1994) malgsis of DDT
measurements, and should apply to the total (sunfingf and coarse
sediment). Hence, the model is overpredicting ttal t(fine plus coarse)
sedimentation rate by about a factor of two. Ityntee that the coarse-
sediment runoff from the Kopurererua subcatchmerieing over-estimated
in the model.

Table 5.1: Locations where suspended-sediment samples wease tBKEBoP in the Kopurererua
catchment during a heavy rainfall event on 30-3l% 2008, together with mean
grainsize and particle-size distribution of the plems.

Sample # Location Time Stage Mean <8 um 8-25um  25-100 pm >100 ym
grainsize (%) (%) (%) (%)

(um)
4514 SH2 13:25 rising 78 7.1 7.5 55.7 29.7
4515 SH2 22:35 peak 69 8.9 9.1 63.2 18.8
4432 SH29 09:10 rising 33 20.2 21.2 58.6 0.0
4435 SH29 19:25 rising 51 18.7 14.6 52.6 14.1
4437 SH29 23:40 peak 11 55.2 30.3 14.5 0.0
4509 SH29 11:25 f'a.te 53 13.6 17.5 54.9 14.0
alling

4519 Keenan Rd 12:27 rising 83 11.4 135 40.1 35.0
4523 Taumata Rd 12:00 rising 37 135 27.2 59.3 0.0
AVERAGE 52 18.6 17.6 49.9 14.0
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Table 5.2: Annual-average fine-sediment runoff, averaged adlethe USC-3 model runs in the
Monte Carlo package. The left panel shows subcatoksnin numerical order; the
right panel shows subcatchments ranked by sedimaoff.

Subcatchment _ Historical (kg) Subcatchment  Historical (kg)
101 64,652 108 54,260,163
102 559,785 106 18,021,912
103 561,634 104 10,520,966
104 10,520,966 114 9,734,132
105 2,070,604 107 8,522,896
106 18,021,912 115 7,116,097
107 8,522,896 112 6,311,340
108 54,260,163 110 6,085,202
109 457,565 113 4,922,580
110 6,085,202 105 2,070,604
111 1,259,846 111 1,259,846
112 6,311,340 103 561,634
113 4,922,580 102 559,785
114 9,734,132 109 457,565
115 7,116,097 117 318,869
116 267,445 116 267,445
117 318,869 101 64,652
\prog\compare\ \prog\compar_e\
compare sediment runoff 2.xls compare sediment runoff 2.xls
Table 5.3: Annual-average coarse-sediment runoff, averaged alve¢he USC-3 model runs in

the Monte Carlo package.

Subcatchment Historical (kg)
101 -
102 -
103 -
104 -
105 -
106 8,000,348
107 3,748,525
108 23,882,625
109 -
110 -
111 -
112 -
113 -
114 -
115 -
116 -
117 -

\prog\compare\
compare sediment runoff 2.xls
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SH2 (69 um)

SH29,/(37um av)
i :
r/ B ¢

-

..4«'__4519_ Keenan (83 um)

Figure 5.1:  Locations where suspended-sediment samples were lBBKEBOP in the Kopurererua
catchment during a heavy rainfall event on 30-3¢ 2008 (yellow stars), and mean
grainsize (um = microns) of the samples.
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Kopurereroa at S.H. 29 : River Level

Tue, 29 Jul 2008 00:00 to Sat, 2 Aug 2008 00:00 (Raw Data)
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Figure 5.2:  Timing of sampling in the Kopurererua catchment hwitespect to the flood
hydrograph at SH29 flow station.
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Figure 5.3:  Grainsize distributions of Kopurererua samples. fdukestars indicate the mean size of
the particles in each sample.
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HISTORICAL PERIOD
DAILY SEDIMENT RUNOFF

Sum of all grainsizes

10000000 3 Subcatchment
_ O 101 - MKE
1000000 —= 4+ 102-mmi
3 <> 103-PAP
100000 —= X 104 - WTO
= [ 105-KMK
E 10000 /N 106 - WMP

1000

100

10

0 40 80 120 160 200
Rainfall (mm)

eals/runjout

Figure 5.4:  Daily sediment runoff (sum of all grainsizes) vexslaily rainfall, assembled from an
example 58-year historical-period time series alydsediment runoff constructed to
drive the USC-3 model.
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HISTORICAL PERIOD
ANNUAL FINE-SEDIMENT RUNOFF
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Figure 5.5:  Annual fine-sediment runoff from each subcatchnfenteach year in the historical
period. This is the average over all USC-3 modasrin the Monte Carlo package.
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01 =mmlyear, hindcast
= zero, hindcast

m = mmlyear, measured

Q Refer to text for explanation
of groupings

ANNUAL-AVERAGE
SEDIMENTATION RATE

Fine sediment / Historical period

0 1 2 4 6 8

Kilometres

Figure 5.6:  Hindcast (by the calibrated USC-3 model) fine-sethimsedimentation rate and measured sedimentadten(iHancock et al. 2009). The

hindcast is the average over all USC-3 model ranike Monte Carlo package.
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Figure 5.7:

hindcast is the average over all USC-3 model ranike Monte Carlo package.
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63



—NIWA_—

Taihoro Nukurangi

6. Conclusions

The USC-3 model has been implemented for southeanrafiga Harbour and

calibrated by reducing the erosion depth for alluga of bed-sediment median
grainsize by approximately half across the modehaia. This resulted in a set of

hindcast (1943-2001) annual-average sedimentatides rthroughout the model

domain that could be interpreted sensibly in brgdysical terms, and that could be
reconciled with six reliable measurements of sediai#n rate reported by Hancock
et al. (2009). The exceptions were the two subdstuanclosed by Matakana Island,
where the model does not appear to perform very Wieé model was calibrated as a
whole, against the whole set of sedimentation measents; in general, it is not

possible to calibrate the model subestuary-by-d4ubggs The reason is that sediments
are exchanged amongst subestuaries, and therefppadicular subestuary cannot be
considered in isolation from the rest of the matthain.

Measurements of sedimentation reported by Hancbek €2009) confirm the model
hindcasts of zero fine-sediment sedimentation e dbéntral reaches of the harbour,
including at the mouth of the Wairoa River. Howewararse sediment is hindcast to
accumulate in this region, which is the principahise-sediment depositional lobe of
the Wairoa River. Measured sedimentation is comsistvith hindcasts of fine-
sediment sedimentation in the vicinity of the fowrthernmost subestuaries in the
model domain. Measured sedimentation in the Waingpbayment in the south is
consistent with hindcasts, assuming that the measemt is of fine-sediment
accumulation only, which seems to be the case. fiihdcast in the Waikareao
embayment is less easy to reconcile with measuremiere the hindcast total (fine
plus coarse sediment) sedimentation rate is t@e lay a factor of two. It may be that
the coarse-sediment runoff from the Kopurereruacaidhment is being over-
estimated.

Overall, the calibration appears to be satisfactangd the model can now be used to
predict future sedimentation with some confidence.
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Appendix 1 — Changes Made to Subestuary Definitions

The original subdivision of southern Tauranga Harboto subestuaries for the
purposes of application of the USC-3 model is shawhkigure Al.1, and described
further in Hancock et al. (2009).

e Subestuary 16—MHR is the middle-harbour sandbanks.

* Subestuary 15-AGR is the embayment at the moutheoAongatete River.
Sediment discharged from the river is prograding ithe embayment, and
being colonised by mangroves.

e Subestuary 14-WNR is a dual embayment at the maiuihhe Wainui River.
The inner embayment is largely choked with mangsov&he outer
embayment features complicated sandbanks and $sland

* Subestuary 13—PAH is a sheltered embayment accéssadPahoia Beach
Road. The inner part of the embayment is largelyuped by a centrally-
located stand of mangroves, but the mouth of theagment is open.

e Subestuary 12-WAI is at the mouth of the WaipapsaeRiThere is a
depositional lobe associated with the river, angl itiner reaches are filled
with mangroves.

» Subestuary 23-OMO is the open intertidal flats leetw the mouth of the
Waipapa River and the western shore of OmokoroaBeia.

e Subestuary 24—-OMI is the sandbank between theraastiere of Omokoroa
Peninsula and the western shore of Motuhoa Island.

* Subestuary 22-MOT is a mid-harbour sandbank tred tb the east of
Motuhoa Island.

e Subestuary 11 is Mangawhai Bay, which runs alorggaast of Omokoroa
Peninsula. Mostly this is open and flat, but itoaiscludes a very sheltered
pocket, almost completely closed off from the mambayment by the East
Coast Main Trunk rail line embankment.
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e Subestuary 10 is Te Puna estuary. It also incladesry sheltered pocket that
is almost completely closed off from the main enthagt by the East Coast
Main Trunk rail line embankment. The pocket is heat via Jess Road. The
embayment seaward of the enclosed pocket is gargalclosed by a spit
complex at the mouth, and is being colonised bygrares.

e Subestuary 9-WKA is Waikaraka estuary. It is aladtiplly enclosed by a
spit complex at the mouth, and is being colonisechbngroves.

* Subestuary 21-OIK is a mid-harbour sandbank teatdif Oikimoke Point.

e Subestuary 8-WAR is at the mouth of the Wairoa RiVdis is an area of
extensive, exposed sandflats, which extends alivdne along the Otumoetai
Peninsula.

e Subestuary 25—-MAT is a small embayment near thetimofi the Wairoa
River, formed by the Matua peninsula. It is openhfinged with mangroves.

e Subestuary 7-WKE is Waikareao estuary, which reseivunoff from
Kopurererua Stream.

e Subestuary 4-WMA is Waimapu estuary, which receivasoff from
Waimapu Stream and which is enclosed at the mouththe SH2
embankment.

e Subestuary 5-TAC is the intertidal flats that rdang the Tauranga City
foreshore.

e Subestuary 6-WPB is Waipu Bay, which lies acrossmtain channel from
the Tauranga City foreshore.

e Subestuary 26 is a very small pocket at the sontbed of the Tauranga City
foreshore, adjacent to the eastern side of theeSht#ankment.

e Subestuary 3-WEL is Welcome Bay. This is fringedriangroves.

e Subestuary 2-RNC is the central reaches of Rangaay. This receives
runoff from a number of streams (including Waitaand is fringed by
mangroves.
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e Subestuary 1-SPE is the northeastern intertidat ftd Rangataua Bay,
adjacent to the speedway. This is fringed by maregpowhich are thick in
places.

e Subestuary 20 is a sandbank in the middle of thiedoa throat.

* Subestuary 19-HCK is Hunters Creek, which penetrtite southern end of
Matakana Island.

e Subestuary 18—-RGI lies on the opposite (wested® sf Rangiwaea Island
from Hunters Creek.

e Subestuary 17-MKI is the intertidal flats that ralong the western, central
section of Matakana Island.

» Subestuary 27-SPO is the South Pacific Ocean, which sink. This
designation as a sink is based on the assumptirité bulk of any sediment
transported through the mouth of the harbour ipatised widely. By virtue of
its designation as a sink, the offshore regioniss arevented from eroding
and supplying sediment to southern Tauranga Harbour

e Subestuaries 28-DCS, 29-DCC and 30-DCN, which a&ep,dsubtidal
channels that convey rapid currents, are designiaietie model as deep
channels.

This original subdivision, which was conceived garl the study, was subsequently
modified following a detailed reconnaissance of llaebour in February, 2009. The
modified subestuaries are shown in Figure Al.2.

The following notes explain the motivations for ttleanges made to the subestuaries:

e The inner pocket of Mangawhai Bay (subestuary ha&j is enclosed by the
East Coast Main Trunk rail line embankment is &ty disconnected from
the outer embayment (to the east of the rail likrgythermore, the pocket is
an effective sediment trap, but the outer embaynseakposed to winds and
strong tidal currents. Hence, it makes sense tm@isubestuary 11 into two
subestuaries, where the rail line crosses.

e The inner pocket of Te Puna estuary (subestuarythil)is enclosed by the
East Coast Main Trunk rail line embankment is alstually disconnected
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from its adjoining outer embayment (to the easthef rail line). This pocket
is also an effective sediment trap, but the outeabayment will be more
active. Hence, it makes sense to divide subestl@rinto two subestuaries,
where the rail line crosses.

e Subestuary 26 is too small relative to the sizéhefother subestuaries, and is
not distinguished in any significant way from sulnasy 5-TAC. Subestuary
26 can therefore be disposed of.

* Subestuary 20 is in an energetic part of the harbwoliere deposition,
especially of fine sediments, will be zero. Subastu20 can therefore be
added to a deep channel.

* The part of subestuary 8—WAR that extends alongdthenoetai Peninsula is
more exposed, and quite far removed from the motithe Wairoa River.

Given these motivations, the following changes weagle:

e Original subestuary 20 was added to subestuary €8&-Qwhich is a deep
channel.

e Original subestuary 26 was merged with originalestibary 5-TAC.

e Original subestuary 11 (Mangawhai Bay) was dividedwo at the rail line
and the inner pocket thus divided off (to the wektthe rail line) was
designated as subestuary 20-MGI (Mangawhai BayetilnThe outer part
(to the east of the rail line) is subestuary 11-M@angawhai Bay “outer”).

e Original subestuary 10 (Te Puna) was divided in awahe rail line and the
inner pocket thus divided off (to the west of tlad fine) was designated as
subestuary 26-TPI (Te Puna “inner”). The outer arithe east of the rail
line) is subestuary 10-TPO (Te Puna “outer”).

e The part of subestuary 8—WAR that extends alongQhenoetai Peninsula
was removed and added to the adjacent deep chiz8BLCS.
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Figure Al.1: Original subdivision of the harbour into subesiemfor the purposes of application of
the USC-3 model (after Hancock et al., 2009).
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Figure Al.2: Modified subdivision of the harbour into subestaarior the purposes of application of
the USC-3 model.

Tauranga Harbour Sediment Study: ImplementatiehGalibration of the USC-3 Model 71



