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1 EXECUTIVE SUMMARY

A review of the findings from previous studies by Dahm & Kench (2002) and
(2004) has been carried out to identify any shortcomings and/or issues that
need to be taken into account in the detailed Stage 2 model study for the pre-
sent project.

The assessment of key issues has been supported by a pilot model study. Find-
ings are briefly outlined below.

1.1 Navigation Improvement Options

DHI is generally in agreement with the Dahm & Kench (2002) assessment of
the various alternatives for navigation improvements.

Dredging is probably the least intrusive option and, if properly designed, has
the least impacts. But it is also considered the least beneficial and least sus-
tainable, and probably not cost-effective in the long term.

River mouth training is a much more intrusive option which potentially has
larger benefits but also larger potential impacts, and therefore needs to be
carefully considered and designed.

1.1.1 Alternative Layout
Two layouts for structural training have been considered by Dahm & Kench
based on a (capital) cost argument.

DHI has briefly outlined an alternative, more streamlined, shape of training
structures, which is commonly used around the world. Whereas capital costs
for this option may be higher, it may potentially perform better with respect to
impacts and long term maintenance requirements as well as benefits in terms
of navigability.

It is recommended to include this layout as another option in the detailed as-
sessment.

1.2 Flood Release

The morphological modelling showed that rapid and large morphological
changes will occur during extreme flood events with scouring of the river en-
trance area.

The flood levels at the town area will, among other factors, depend on the ini-
tial morphology (i.e. cross-sectional area and conveyance) of the river mouth
channel. A trained river mouth is likely to start with a larger cross-sectional
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area than an untrained river mouth subject to infilling from the littoral trans-
port processes.

Training the river mouth will, on the other hand, restrict the ability of the river
mouth to widen during the initial flood phase, which can allow the larger
flood discharges to pass.

There are thus pros and cons for river mouth training in terms of flood release,
and the design has to carefully consider the potential negative impacts.

The pilot modelling has shown that adapting a (probably highly) conservative
approach to the starting morphology for the simulations can lead to significant
impacts on flood levels for the 120m width channel configuration recom-
mended by Dahm and Kench and adopted in the modelling.

This highlights the need for a careful consideration of the design conditions
for the simulations, not only in terms of the simulated discharge rates and wa-
ter levels in the sea, but just as importantly on the adapted “representative”
morphology.

1.3  Scouring of Entrance Channel

The scouring of the entrance channel that occurs during flood events is critical
for the release of flood waters and must further take into consideration in the
structural design.

The following main points were observed from the modelling:

* For the existing conditions the most significant scouring occurs at the
narrow entrance (gorge) area.

* The river mouth training leads to severe scouring in the trained chan-
nel. Scouring depths in excess of -10 m MSL are reached for the as-
sumed granular sand.

* Scouring of several meters occurs in the space of hours.

* The training walls force a change in direction of the river discharge,
which leads to severe scouring along the western breakwater. The pro-
posed layout of training walls perpendicular to the coastline is not con-
sidered optimal.

The model results are generally in agreement with the conclusions drawn by
Dahm & Kench.

An optimisation of the shape and orientation of the structures is recommended
to minimise potential local erosion and flooding issues.
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1.4  River Sediment Discharge & Delta Formation

Dahm and Kench estimated the river sediment discharge to be (conserva-
tively) 15,000 m’/year. This, combined with assumed limited bypass of littoral
sediment transport of the structures, leads to an assumed very slow build-up of
the ebb delta.

DHI questions the (in our opinion) rather low estimate of the river sediment
supply based on catchment and river characters. A larger river sediment dis-
charge would lead to a potentially quicker build up of an ebb delta at the river
mouth, which could threaten the sustainability of the navigation improve-
ments.

The conservative pilot modelling illustrated that if sufficient loose sediments
are available, a large ebb delta can form in a matter of hours during extreme
flood conditions. This has been verified to some extent during the data collec-
tion exercises, during which an ADCP sensor located 1km offshore was bur-
ied to a depth of 2 metres during a relatively small flush in the river.

This risk of rapid offshore sedimentation cannot be disregarded as it could se-
verely affect the design life of the training works. The bar formation will be
further evaluated in the detailed second stage study. This will be done through
assessment of available sediment within the river system and simulation of
both normal flow conditions and more frequent flood events compared to the
1% AEP event simulated for the present pilot study.

1.5 Coastal Impacts

Coastal structures on an open littoral coastline have the potential to cause
large morphological responses.

Dahm and Kench concluded that the proposed training structures, recom-
mended to extend offshore to 2.5 meter depth (below mean low water spring),
would largely prevent any littoral sediment bypassing the entrance. The net
littoral drift along the coast appears to be low therefore the walls are unlikely
to lead to severe erosion of the downdrift shoreline.

DHI generally agrees with this assessment, but highlights the potential for
significant coastal erosion on either side of the river mouth during severe
storm events. Also, if the estimate of river sediment discharge is too low, the
coastal impacts can potentially be higher.
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2 BACKGROUND

DHI Water & Environment (DHI) has been engaged by Opotiki District
Council (ODC) to undertake modelling and preliminary design of the Opotiki
Harbour access.

As part of this study, a review of the two previous studies undertaken by
Dahm and Kench in 2002 and 2004 has been carried out. This review pro-
vided a preliminary conceptual design for improvement of river mouth navi-
gability.

This report presents a review of these two studies and their conclusions, as
well as the results of preliminary modelling exercises which have been carried
out to support the assessment.
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3 DATA REVIEW

This section focuses on the data made available for the study from existing
sources and briefly describes the additional data collection programme that
has been commissioned as part of the present study. A more detailed descrip-
tion and analysis of the latter will be provided in the second stage report.

3.1 Bathymetry Surveys

3.1.1 River
Environment Bay of Plenty (EBoP) have provided cross sectional information
on both the Otara and Waioweka Rivers, from approximately 1964 to present.
The surveys are located at fixed points and will be useful in determining if
long term changes have been taking place in the river, and will also be used to
validate the river sediment transport model.

Additional detailed bathymetric surveys have been undertaken by Cawthron
Institute as part of the present study. These were undertaken using a boat
mounted echo-sounder and GPS, covering the navigable river reaches (Figure
3-1) and the entrance / bar region. Data is available in electronic x,y,z form in
NZTM and NZMG to the Moturiki datum.

The surveys extend from the river mouth upstream to the town bridges (as far
as navigation allowed). The river entrance survey was repeated in January
2007 following a small flood event which affected the simultaneous flow and
bathymetric measurements which were being undertaken at that time.

Figure 3-1 Bathymetric survey tracks
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3.1.2

3.1.3

3.2

===

Offshore

A multibeam survey of the river delta area, extending approximately lkm
each side of the mouth, and out to the 10m depth contour, has been under-
taken in February 2007 by the University of Waikato. The results are being
processed at the time of writing this report.

EBoP have also provided offshore bathymetry extending to deep water (100m
contour), which was surveyed by multibeam along lines from the shore in Au-
gust 2005. This will be used to supplement the data collected for this study.

Beach profiles
A number of beach profiles have been collected by EBOP from 1978 at the

following locations:

Table 3-1 Available beach profiles and location in the study area.

Locationt Easting (m) Northing(m)
Profile 1 2897800E 6348600N
Opape East
Profile 2
Waiaua River West 2894600E 6348200N
Profile 3
Tirohanga Stream West 2891500E 6348000N
Profile 4 S6347800N
Hikuwai West 2887200E
Profile 5 6348000N
Waiotahi Beach West 2883700E
Profile 6 Waiwhakatoitoi 2882200E 634800N
Profile 7
Waitahi Spit 2882200E 6348000N
Profile 8
Ohiwa Spit 2875700E 6348700N

These will be supplemented with beach profile data collected simultaneously
with the offshore bathymetry. The historical profiles will be used to support
the determination of longshore sediment processes.

Land Levels

Land level information along the river floodplains have been provided by
EBoP in the form of LiDAR data points. This will be used to develop the
MIKE FLOOD model of the Otara-Waioweka floodplain to assess potential
flood impacts of the proposed training walls.
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3.3 Water Levels

A complete record of the Opotiki Wharf gauge has been provided by EBoP. In
addition spot flood levels from the July 1998 and October 2003 floods have
been supplied.

3.4 River Discharges

Flow discharges from the Otara gauge at Browns Bridge have been provided
by EBoP. Data from the Waioweka cableway, comprising the complete flow
record plus annual maxima have been purchased from NIWA. In addition
ADCP flow measurements at two locations in the river mouth were under-
taken comprising cross-section traverses, measuring water speed and direction
(at 0.25 m intervals over the water depth) and local water depth using a boat
mounted ADCP. This was performed over both flood and ebb tides, thus giv-
ing an accurate assessment of the total flow going though the entrance on both
an incoming and outgoing tide.

An FSI instrument was also deployed at the mouth (NZMG 2884748,
6347723) over the same period as the first ADCP transect survey, measuring

water speed and direction, temperature, salinity and pressure at 3 m water
depth.

3.5 Wave Data

3.5.1 Offshore data
Offshore wave data has been purchased from NIWA. The following set of
data has been obtained:

* NIWA NZ regional hindcast 1979-1998 (1.125x1.125degree resolu-
tion) using WAM with ECMWEF re-analysed winds.

* NIWA NZ regional hindcast/forecast 1997-2006 (1.25x1.0degree reso-
lution) using WAM and NCEP winds

* NOAA NCEP hindcast/forecast (1.25x1.0degree resolution) using
Wavewatch 3 and NCEP winds.

The location of the extractions points are presented in Table 3-2.

Table 3-2 Location of the offshore wave data

Point Longitude Latitude
(deg) (deg)

Pt1 177° 45 E 37°75 8
Pt2 177° 30 E 37°S

Pt3 176° 37.5E 37°7.58
Pt4 176° 15’E 37°S
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Figure 3-2  Location of NIWA offshore wave data in the Bay of Plenty.

The NIWA simulations covering the years 1979-1998 and 1997-2006 pro-
vides a sufficiently long record to provide satisfactory wave climate statistics.
In addition to this information wave data was obtained from the NOAA
Wavewatch global simulation for the period 1997 to 2006.

3.5.2 Nearshore wave data

A directional TRIAXYS wave buoy, operated by Environment Bay of Plenty
has been deployed since September 2003 at latitude 37° 41.770°S longi-
tude176°, 13 km off Pukehina Beach at approximately 50m water depth. Dur-
ing the climate change study carried out by NIWA (NIWA, 2006) nearshore
data was also available for two InterOcean S4 current meters deployed off
Opotiki (37° 58.483°S, 177° 15.750’E) and off Ohiwa (37° 58.100°S, 177°
06.400°E). The S4 data for Opotiki has been requested and will be provided
by Uni. Waikato.

3.6 Sediment Data

For the present study, an extensive grab sampling exercise has been under-
taken. Fifty-six bed sediment samples were collected over the river (both
reaches), bar and offshore regions, and were analysed for grain size distribu-
tion into the following class sizes:

Sediment grain size classes (%w/w)

Boulders

>64mm

Coarse Gravel

<64mm & >4mm

Coarse Sand

<1mm & >500um

Fine Gravel <4mm & >2mm
Fine Sand <250um & >125um
Medium sand <500um & >250um
Silt & clay <63um

V. Coarse Sand <2mm & >1mm

V. Fine Sand <125pm & >63um
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Location (NZMG and description, eg ‘Left Bank’) and depth were re-
corded at each sample site, and each sample was photographed (see for
example Figure 3.3).

This data will supplement the original Dahm and Kench data and will be
used to form a picture of the river and coastal sediment distributions and
will be used as input to the numerical sediment models.

PAK’'’N SAVE EZEEEE]
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70 83 9020010 10 30 40 50 60 18 80 5030010 0

/ J[J i 40 50 G0 70 80 9040010 20 30 40 50 60 f0 B0 905001
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=Y

Figure 3-3: Example of sediment sample photograph.

3.7 Ocean levels and Currents

An ADCP instrument, measuring current speed and direction at 0.25m inter-
vals), and a DOBIE (measuring water depth) was deployed lkm off the
Waioweka mouth in November 2006 with the intention of collecting data
over an approximately one-month period. Both instruments however were
buried by sediment following a medium-sized flood event on 30™ November.
The DOBIE depth gauge carried on functioning correctly (albeit with an offset
due to the presence of the sediment, see Figure 3-4), however the ADCP was
unable to provide useful data. An FSI instrument (measuring speed and direc-
tion at a single point, 7 m above the bed) was therefore deployed on 26™ De-
cember 2006, east of the mouth to avoid further burial from sediments. This
has provided three weeks of continuous data.
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Figure 3-4 Offshore Water Level Measurements showing time of burial of ADP (Dobie)

3.8 Other Data

All relevant measurements undertaken as part of the Dahm and Kench studies
have been made available through ODC. These will be used to correlate and
cross check the data collected during the current programme.

Historical aerial photography of the river mouth held by EBoP has been re-
quested through ODC and is being prepared for delivery to DHI.

A MIKE 11 model of the lower river and floodplain has been provided by
EBoP. This will be used as the basis to develop the MIKE FLOOD model of
the lower river system.

In addition a range of GIS layers have been provided by EBoP, including de-
tailed aerial photography, topo maps and relevant vector data such as roads
and streams.

A GIS database has been established to manage all of the spatial data provided
by the various authorities as well as the recently acquired field data. DHI’s
MIKE Marine GIS extension will be additionally used to manage the bathy-
metric survey data and timeseries information such as current and water level
measurements and prepare these for use in the models.

Detailed processing of the data received to date is on going, and is focussing
on preparing the data for interpretation and input to the numerical models.
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4 PREVIOUS STUDIES

Dahm and Kench undertook a study to assess and report on the feasibility for
improving navigability at the mouth of the Opotiki Harbour. The study was
carried out in two stages with the first stage reported in 2002 and the second
in 2004.

These studies form the baseline for the further work to be carried out, and the
main findings as reported in the executive summaries of the reports are out-
lined below.

4.1 Dahm and Kench, 2002

The 2002 study contained a number of components as described below:

1. A synthesis of existing technical reports on coastal and river processes
and changes in river morphology with focus on the Opotiki entrance.

2. Review of scientific and engineering literature on the morphological
behaviour of river entrances. This review combined with the process
information to develop a conceptual model of the processes that con-
trol changes in the entrance and channel morphology and the time and
space scales of these changes.

3. The conceptual model was applied to assess the likely effects of a
range of options to improve navigation through the river mouth.

The main findings of the report included:

« Discharges through the entrance can vary between 5 and 2000 m’/s.

* The coastline and entrance area is subject to low to moderate wave en-
ergy.

e The river mouth is generally ebb flow controlled, but dominated by
marine processes during low net discharge conditions and/or severe
marine weather (waves) conditions.

» Littoral sediment transport rates are relatively low with a net westerly
transport rate estimated at 6 — 8,000 m’/year. Gross transport has been
estimated to be at least an order of magnitude higher, i.e. at least
100,000 m*/year.

* Delivery of river sediment to the river entrance is estimated at 15,000
m’/year, the volume of sediments actually delivered is most likely de-
termined by the frequency and magnitude of flood events.

* The river mouth morphology is controlled by a balance between river
and marine processes with scouring of the river mouth during high
river flow events and sedimentation during low river flow and high
wave events.
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* Analogies from similar sized entrances suggest that Opotiki river
mouth dimensions can vary between 70 m* during low flow over 100
m” for normal flow to 1320 m” for extreme flow conditions.

* Changes in river mouth morphology are rapid and occur over periods
of days.

* Seasonal climatic variations promote winter widening and summer
shallowing.

* The ebb delta is considered to be a major sub-tidal sediment sink.

* The river channel over the ebb delta varies in orientation with dis-
charge rates with the channel assuming an oblique angle to the coast
during low discharge periods and a more perpendicular angle during
high discharge events.

A range of possible options for improvement of river mouth navigation were
identified and evaluated in terms of their effectiveness in improving the navi-
gability, practicability for the site and life expectancy, potential impacts on
coastal processes and flooding as well as costs and maintenance requirements.
The following options were evaluated with the main findings briefly listed:

* No intervention — no improvements of navigability

* No intervention and minor dredging — limited and short-term bene-
fits. Insignificant impacts but moderate maintenance requirements.

* Mechanical dredging — larger improvements, short life expectancy
with related high maintenance requirements to keep the channel open.
Potentially significant coastal impacts.

* Fluidisation — not practical with the type of sediments and climate
found at the site.

* Single mole (rock wall inserted perpendicular to the coast) — larger
improvements with medium life expectancy. High maintenance re-
quirements with significant coastal impacts. High capital costs and
significant maintenance costs.

* Dual moles (parallel moles on either side of channel) — large im-
provements with long life expectancy. Significant coastal impacts with
potential for adverse flooding impacts. Higher capital costs but lower
maintenance costs than single mole.

Overall, it was concluded that well-designed dual moles are likely to provide
significant navigational improvements for several decades with a high level of
operational availability. The structures will, however, have potentially signifi-
cant adverse effects which must be taken into account in the design, including:

* Impacts on major floods

* Breaching of eastern spit by waves and/or major river flow
* Damage or outflanking of landward attachment

* Risks of coastal erosion
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4.2 Dahm and Kench, 2004

The second study by Dahm and Kench addressed the lack of data identified in
the first study through surveys and further assessed the preferred twin mole
option in further detail. The following preliminary conclusions for the assess-
ment of the dual training wall option were summarised as follows:

1. Improvement in Navigability

* Entrance training walls are likely to result in significant improvements
in navigability at the Opotiki entrance. The walls will significantly de-
crease the sediment volumes recirculating through the entrance chan-
nel, disrupt the processes maintaining the existing bar and markedly
increase the dominance of seaward directed sediment transport. Col-
lectively, these processes will promote scouring of the entrance chan-
nel and the collapse of the existing ebb tide delta.

»  Wall spacings of up to 120m are likely to be needed to achieve the de-
sired navigable depths (a minimum depth of 2.5m below mean low
water spring), although these depths may also be achieved with wider
spacing due to ongoing scour of sandy sediment in the area between
the walls;

* The improvements are likely to persist for several decades, as the es-
tablishment of a new bar seaward of the wall will probably be slow
(80-100 years or more);

* Maintenance dredging requirements between the training walls are
likely to be minimal due to the marked ebb-dominance of the channel
and the limited sand supply to the channel once the walls are in place.
(this needs to be confirmed during detailed design — this study);

* Dredging will be required during initial construction to achieve desired
navigable depths and to minimise the volumes of sand discharged fur-
ther seaward that could otherwise shorten the design of the improve-
ments;

2. Effect of Flood Release
* A minimum spacing of 120m is likely to be required to avoid exacer-
bating flood levels adjacent to the township. A wider spacing will
probably improve flood release.

3. Scour of Entrance Channel

* Sandy areas within the channel will probably continue to deepen
over time, due to the limited supply of sand to the entrance once the
walls are put in place and scour during periodic high river flows

* Scour protection will be required along the margins of the walls to
avoid undermining and severe damage during high river flows

* Scour protection will be required to at least 4m below mean sea
level due to the prevalence of sandy sediments above this elevation
and the tendency of the entrance to widen rather than deepen during
floods. In areas of fine sands, there is potential for considerably
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deeper scour to develop, possibly extending to 12-16m below flood
levels in some areas (dependent on the wall spacing). However,
maximum scour is likely to be less than half these depths in those
areas where fine gravels or coarser sediments occur

* [f the walls are oriented perpendicular to the entrance, a scour hole
is likely to form along the western side of the present entrance and
particular attention will need to be given to scour protection re-
quirements in this area;

* Subsurface sediment investigations and physical modelling will be
required during detailed investigations.

4. Upstream Erosion

* The landward ends of the training walls will need to be carefully
tied to adjacent banks to avoid flanking by erosion and scour of un-
protected upstream areas during high flows.

* Erosion along the landward margins of the sand spit on the eastern
side of the entrance may eventually lead to breaching of this feature
and outflanking of the walls. However, extensive lengths of shore-
line armouring works are unlikely to be required in this area in the
short-term and it may be possible to manage this erosion with beach
nourishment during dredging episodes.

* Upstream bank erosion will need to be monitored if training walls
are installed

5. Effect on Sediment Bypassing

» The walls will largely prevent longshore drift from bypassing the
entrance. However, net littoral drift along the coast appears to be
low and therefore the walls are unlikely to lead severe erosion of
the downdrift (western) shoreline — a common adverse effect with
training walls

* Opver relatively long periods of time periodic artificial bypassing of
sands may be required to prevent erosion of beach areas to the west
of the training walls. Monitoring of shorelines will be required.

4.3 NIWA: Impacts of Climate Change on the Coastal Mar-
gins of the Bay of Plenty

This study focussed on the assessment of how potential climate changes may
affect the forcing mechanisms of coastal erosion and inundation hazards on a
regional scale in the Bay of Plenty and to ensure that any such changes are
identified and accounted for in long-term development planning over the next
50 to 100 years. Specifically the study summarises the present conditions and
the impacts of potential climate change in the Bay of Plenty on:

* Tides, storm surges and sea levels;
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* Wave conditions along the Bay of Plenty coastline;

* Sediment supply from rivers to the coastline;

* The potential movement of beach sediment and hence impact on the
patterns of coastal erosion or accretion along the Bay of Plenty coast-
line

The report presents a review of available data, the most relevant coastal and
marine processes and a detailed analysis of the potential impacts of climate
change on the margins of the Bay of Plenty. The findings relevant for the pre-
sent study, in particular the river sediment supply, will be reviewed and up-
dated as part of the present study.
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5 DHI GENERAL ASSESSMENT & REVIEW COMMENTS

DHI have reviewed the river mouth processes and potential solution schemes
presented by Dahm and Kench in their reports.

Important assumptions and findings are briefly assessed in the present section
to form a background for further work to be carried out during Stage 2 of this
study, which will ultimately lead to a preliminary design of the entrance stabi-
lisation works.

5.1 Navigation Requirements

Whereas the 2002 report cites potential added business opportunities, in par-
ticular related to recreational fishing and aquaculture as the background for
the project, the reports do not define the type of vessels and associated re-
quirements for a navigational channel in terms of e.g. width, depth and ac-
ceptable downtime.

The objectives defined in the brief for the present study state that it is desir-
able to achieve a navigable entrance channel with a depth of at least 2m below
Chart Datum (CD). It may be required to further define the requirements for a
navigation channel in terms of channel width, acceptable current and wave
conditions.

The criteria of 2m below Chart Datum stated in the project brief correspond to
a depth of about -3.2m MSL.

It is noted that channel depth and width are not the only parameters determin-
ing safe navigation. Other hydraulic aspects that need to be considered in-
clude:

* Wave conditions: During rough seas, the ebb delta leads to a “con-
fused” wave field with steep and/or breaking waves approaching the
river mouth from different directions. Ebb flow from the river mouth
will lead to opposing waves and currents which can lead to wave
steepening in the navigation channel and potentially dangerous condi-
tions for small vessels.

* Currents: Cross-currents as well as strong and/or swirling currents can
lead to difficult navigation conditions

*  Morphology: Rapid changes in local morphology in and around the
navigation channel have an obvious bearing on the navigation safety if
the channel is not clearly marked at all times.

For safe navigation, a sufficiently deep, wide and stable channel with limited
wave exposure and free of strong currents and eddies is desirable.
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5.2 Natural Channel

The river mouth is in a dynamic, quasi-equilibrium state determined by the
opposing forces of the littoral sediment transport (sediment transport along the
coastline primarily driven by waves in the surf zone) trying to close the river
mouth and the tidal flushing and net water discharge from the river trying to
keep it open. This will, as described by Dahm and Kench, lead to large varia-
tions in the morphology and cross-sections at the river mouth depending on
the dominance of the two processes.

A plot of the river mouth bathymetry as measured during the recent field
campaign (November 2006) is shown in Figure 5-1. With the relatively large
variations in the river mouth morphology, this is obviously just one particular
snapshot in time of the overall morphology, and cannot necessarily be as-
sumed to be representative for the river mouth. It is further noted that the
bathymetry data primarily covers the river only, and not the seaward area. A
survey covering the offshore areas has been undertaken in February 2007.
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Figure 5-1  River mouth bathymetry in MSL derived partly from November 2006 survey.

5.3 Dredging
Dredging is one of the least intrusive options for maintaining a navigation

channel. Coastal impacts from dredging can potentially be mitigated by plac-
ing the dredged material back into the littoral zone.
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A dredged channel generally shifts the bathymetry away from the morpho-
logical equilibrium state (at any given time). This imbalance will reduce the
flushing and lead to backfilling by the littoral and deltaic processes. Whereas
the coastline at Opotiki is sheltered against southerly storms, it is sufficiently
exposed and has a sufficiently high-energy wave climate that the sediment
transport and dynamic morphology associated with the river mouth area can
rapidly backfill a dredged channel.

Facilitating improved navigational conditions through dredging alone will
therefore require large maintenance and yet be unable to guarantee navigation
at all times.

A dredged channel may lead to some concentration of currents, but generally,
vessels will be fully exposed to potentially difficult wave and current condi-
tions in the river mouth and ebb delta area.

5.4 Structural Solutions

Establishment of a more permanent and lower maintenance entrance configu-
ration must operate on the principle of shifting the equilibrium of the river
mouth. This can be done by either improving the flushing of the river mouth
and/or decreasing the impacts of channel infilling from the littoral sediment
transport.

It is not considered feasible to increase the flushing through e.g. increasing the
tidal prism within the estuary as this would require a very large area to have
sufficient effect.

The main options are thus related to structural training as indicated by previ-
ous studies.

Dahm and Kench included two structural training options in their review, the
so called single and dual mole concepts. DHI’s experience with single training
structures is similar to the conclusion drawn by Dahm and Kench, in that that
their benefits are limited and that they generally require significant mainte-
nance when applied on an open littoral coastline as is the case at Opotiki.

Figure 5-2 shows an example of a single mole structure which had originally
been placed on the downdrift side of the river mouth. This was later upgraded
to a “dual mole” configuration to mitigate severe sedimentation, wave and
current conditions in the navigation channel along the breakwater. The up-
graded “dual mole” solution has solved the sedimentation problem, but navi-
gation can be difficult for small vessels in the outer channel with steep waves
penetrating into the channel during ebb tide and with strong current gradients
forming at the entrance, in particular on flood tide. The downdrift side suffers
significant coastal erosion introduced by the first breakwater, and this problem
has remained the same with the introduction of the second breakwater.
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Figure 5-2  Example of “single mole” concept (top) upgraded to “double mole” (bottom).

Dahm and Kench 2002 concentrated on parallel structures in the dual mole so-
lution. The report states: “Parallel moles are normally adapted as experience
has found that converging alignments are generally not satisfactory, being
more costly to construct due to greater length, acting to trap more sediment
and often allowing channel meandering.”

These are valid arguments, but it is DHI’s opinion that there are some advan-
tages with other river mouth training configurations that should at least be
considered in the initial phase of the training wall layout assessment. A brief
comparison between some aspects of straight, parallel training walls and
curved breakwaters has been included below.

An example of a symmetrical breakwater solution that has been implemented
in the Marang River mouth in Malaysia and is considered a great success is
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shown in Figure 5-3. This is found on a coastline which is comparable to the
Opotiki coastline in terms of exposure, river flushing and sediment transport
rates. Layout and design considerations for the structures are reported in
Pedersen (1996).

Figure 5-3  Marang breakwaters in Malaysia. Introduced for river mouth training to improve
navigation.

It is noted that the Marang scheme was originally designed with a set of inter-
nal breakwaters to channel the flow through the outer harbour basin, but this
was not implemented. This has led to less stable beaches within the outer har-
bour basin and a less confined flow and flushing through the outer basin than
was originally designed for.

Another example of a similar design, but with an oblique exit channel to ac-
commodate the existing river channel is shown in Figure 5-4 below. The Ter-
engganu breakwaters maintain the existing exit channel direction, which was
found to be required from the numerical model study to ensure a smooth flow
pattern. Examples of combined wave driven and ebb flow current patterns for
the pre-construction and two different layouts are shown in Figure 5-5 and
Figure 5-6, while flood flow currents for the two layouts are shown in Figure
5-7. It is noted that an oblique orientation of training structures may also be
favourable for the Opotiki case.
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Figure 5-4  Design of oblique breakwaters at Kuala Terengganu, Malaysia. Currently under
construction.
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Figure 5-5  Example of simulated ebb tides for conditions prior to construction of breakwa-
ters with severely constricted river mouth.
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Figure 5-6 ~ Example of simulated wave driven and tidal ebb currents through two layout de-
signs of river mouth training works.
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Figure 5-7  Flood flow currents for two layout of river mouth training structures.
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5.5 Comparison of Alternative Layouts

A comparison of the general principles and performance has been carried out
for river mouth training with the two concepts of:

1. Straight and parallel breakwater (“‘dual mole”)

2. Curved breakwaters to provide outer basin (Figure 5-4)

5.5.1 Navigation
* Both layouts vastly improve the navigational conditions over the un-
trained river mouth.

* Assuming a well-flushed channel, parallel breakwaters provide a well
defined navigation channel with sufficient depth at all times.

* Experience has shown that curved breakwaters can be designed to
provide a well defined ebb flow with sufficient flushing to keep a
navigation channel clear, see Figure 5-6 for sample ebb flow patterns.

* Navigation for the parallel breakwaters case is restricted to the channel
— it may not be possible to abort a seaward exit and turn the vessel
around under strong current conditions.

* The curved breakwater option has a large outer basin with ample room
to manoeuvre, providing operators with the opportunity to decide if
and when to exit.

* Assuming that similar wave energy will reach the breakwater entrance,
the wave energy may be transmitted into the channel for the parallel
breakwaters, while it will diffract around the breakwater heads and
dissipate over internal beaches in the curved breakwater layout.

» Strong current gradients may be encountered at the entrance during
flood tides for the parallel breakwater option, see e.g. Figure 5-7. This
may lead to difficult navigation conditions during peak flood flow.

» Slightly weaker gradients, but distributed over a larger area, are found
for the curved breakwater layout. In this case there is a larger area in
which to manoeuvre and make corrections without the risk of collision
with the structures.

5.5.2 Sedimentation
* The confined channel for the parallel breakwaters can generally be de-
signed to be self-flushing.

*  With proper design and the potential use of (short) internal training
walls, the curved breakwater solution can also be designed to provide
sufficient natural flushing to maintain a navigation channel.

» It is clear that risks of channel meandering are higher for the curved
breakwater solution.
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5.5.3 Flood Discharge
* The curved breakwater solution has a shorter section of narrow chan-
nel and generally has been found to have less impact on flood dis-
charge.

5.5.4 Coastal Impacts
* Both designs have large potential impacts on the coastal sediment
budget and morphology.

e The curved breakwater option is designed to be streamlined and pro-
mote a relatively smooth flow past the breakwaters, which in turn can
promote sediment bypassing of the structure. For similar depths at the
channel entrances, the curved breakwater solution is generally ex-
pected to have lesser coastal impacts in terms of coastal erosion.

e The curved breakwater solution will shelter a longer stretch of coast-
line. The beach enclosed within the training walls will lose its natural
appearance due limited propagation of waves inside the harbour and
the effects of the river currents.

5.5.5 Scouring
* The parallel breakwater option has a longer stretch of confined chan-
nel where scouring can be expected under flood conditions.

* Breaching of the sand spit has been raised as a concern. The curved
breakwaters can protect a relatively long stretch of coastline and
thereby minimise the risk of breaching from the seaward side.

5.5.6 Costs
* (Capital costs are likely to be significantly higher for a curved breakwa-
ter solution due to the increased length of breakwater coupled with the
fact that sections will need to be placed in deeper water.

* The higher capital costs for the curved breakwaters may be partly oft-
set by its coastal protection ability.

» If significant sediment bypass is achieved, maintenance requirements
to counter coastal erosion could be significantly lower for the curved
breakwater option.

5.5.7 Overall Assessment
The curved breakwater solution is expected to be significantly more costly to
construct, but potentially less costly to maintain.

The curved breakwater option is expected to perform better in terms of navi-
gation, and potentially have less impact on coastal erosion.

If the Council agrees, it is proposed to include a layout based on curved break-
waters in the overall modelling and assessment.
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6 PILOT NUMERICAL MODELLING STUDY

A review of the Dahm and Kench recommendations has been supported by a
“pilot” numerical model of the study area based on available data. This ap-
proach provided the opportunity to gain a clearer understanding of the main
relevant processes at the river entrance and an initial test of the modelling ap-
proach and quantification of the potential impacts.

It is noted that the model setup and results are preliminary and will be
changed and improved in the second stage of this study. The applied model-
ling approach is briefly described followed by preliminary results and evalua-
tion in terms of:

* Flood release
* Scouring of entrance channel

* River sediment discharge and delta formation

6.1 Model Details

6.1.1 Numerical Tools

The pilot numerical model of the study area was established utilizing the
MIKE 21 FM model, which is based on an unstructured mesh of linear trian-
gular elements. This model is particularly well suited for modelling complex
areas that require a detailed resolution of specific features whilst allowing a
description of the larger scale processes. It is furthermore a powerful tool in
terms of modelling 2D morphological changes under the combined effects of
waves and currents, which is dominant at the river mouth.

MIKE 21 includes a Sand Transport Module (ST) module with several formu-
lations for current and current/wave generated transport. This model has been
applied based on a fully dynamic approach that allows coupling between flow
and sediment and allows an analysis of the flow conditions whilst simultane-
ously carrying out a morphological evolution of the seabed. This approach al-
lows a comparison of the flow conditions, water levels and sediment transport
behaviour between the proposed river mouth training and the present condi-
tions.

6.1.2 Model Set-up
To carry out the simulations a mesh of the study area was constructed based
on the November 2006 river bathymetric surveys as well as offshore sea chart
information. The extent of the model includes offshore areas, the Waioeka
River entrance, the downstream sections and the confluence of the Otara and
the Waioeka Rivers as presented in Figure 6-1.
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The established model is relatively coarse, and the sand-spit has been included
partly as land, which is not considered morphologically active in the pilot
model. This affects the preliminary model results and will be addressed in a
more detailed setup in the subsequent stages of this study.

The Dahm and Kench studies considered that a wall spacing of 120m is likely
to be adequate to achieve the desired navigable depths (a minimum depth of
2.5m below mean low water spring), though these depths may also be
achieved with wider spacing due to ongoing scour of sandy sediment in the
area between the walls. A minimum spacing of 120m was indicated to be re-
quired to avoid exacerbating flood levels adjacent to the township. A wider
spacing will probably improve flood release. A mesh including the proposed
training wall was produced with a width of 120m as presented in Figure
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Figure 6-1  Model extent and detail of the river entrance for the present conditions (left) and
the proposed training walls 120m (right).
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For the sediment transport and morphological analysis, a constant medium
sediment grain size of 0.3mm has been defined. It is recognised that there are
large variations in sediment grain sizes throughout the area, but it is consid-
ered that this value represents a realistic estimate of the sediment in the study
area for preliminary modelling.

According to information provided in the available documents there may be a
vertical variation of the sediment properties below the seabed, but this will not
be assessed in the present stage of the project.

To represent appropriate flow conditions in the study area boundary condi-
tions were specified as follows:

* Offshore: tidal levels.
* Waioeka River: discharges.
e Otara River: discharge.

Definition of scenarios

One of the key issues in modelling the impact of the proposed structures at the
river entrance is the definition of the flow conditions at the Waioeka and
Otara Rivers. According to Dahm and Kench (2002) the mean flows in both
rivers show a strong seasonal variation, with combined average discharges
varying from 30m’/s in summer to about 60m’/s in winter.

Flooding is a serious problem in Opotiki with the town having experienced
major flooding on a number of occasions. Existing stopbanks have been de-
signed to provide protection for events up to and including the 1% AEP
events.

Overall the entrance experiences a wide variation in peak discharges, ranging
from 40-70 m’/s under mean river flow conditions to discharges of at least
2700m’/s for 1% AEP flood events. Details of some of the relevant flow con-
ditions at the Waioeka and Otara Rivers are presented in Table 6-1.

Table 6-1 Flow conditions at the Waioeka and Otara Rivers (Dahm and Kench)

Flow Waioeka Otara Combined
Conditions (m¥Is) (m¥Is) (m¥ls)
Mean Flow 31.8 11.7 43.5
20% AEP 904 463 1,367
10% AEP 1,074 562 1,636
1% AEP 1,583 812 2,395
0.5% AEP 1,845 932 2,777

Tidal prism and tidal elevations in the sea control the tidal exchange through
the river mouth. The tidal prism is most likely not fully resolved in the present
model, which is important for normal flow conditions but only expected to
have a minor impact for the extreme flood events.
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The Bay of Plenty experiences semidiurnal tidal conditions with a tidal range
from 1.29m to 1.76m for neap and spring tide conditions respectively and
MHWS = 0.7m and MLWS= -0.8m. Figure 6-2 shows tidal level predictions
for the period 2006.

Pradicted tidal elevation [m]

January February March April May June July August September  October November  December
2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006
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Figure 6-2  Predicted tidal levels in Opotiki for 2006

Maximum water levels in the Opotiki Township are mainly determined by
flood events in the Otara and Waioeka rivers. Two flow conditions were de-
fined, as follows:

* Flow Condition 1: This condition has been defined to represent the
most frequent conditions of the system to assess typical flows for
navigation conditions.

* Flow Condition 2: Describes 1% flood conditions in the Waioeka and
Otara Rivers. This type of event is a major concern as the proposed
works may have an influence on flood release and water levels.

Table 6-2 Description of the flow modelling conditions

Flow Conditions | "Vaigeka | Otara | ri ) ovels
(m°/s) (m°/s)
- Mean tidal range
Mean Flow Conditions 31.8 11.7 (1-2 Jan 2006)
Mean tidal range
0,
Flood event (1% AEP) 1,845 932 (1-2 Jan 2006)
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Based on this information three scenarios were defined to evaluate the impact
of the proposed training works in the study area. A description of the mod-
elled scenarios is presented below in Table 6-3.

Table 6-3 Description of the modelling scenarios

Scenario Case Flow (Cnt:srl\:)itions Tidal Levels
: conattons |17 AEP Floodevent | St ey
2 E;‘g::%v‘l“é?ﬂf 1% AEP Flood event '\"(‘19_32”}?:'2530”(?)6
3 EZ‘S::%V\E‘::? Mean Flow Conditions Ma?g ji;jrelllzrggge

In this preliminary analysis no wave associated processes have been included
in the simulations as it is considered that wave action is not the main forcing
mechanism to evaluate flood release and scouring of the entrance channel.
However, waves play a significant role in the erosion/accretion pattern in the
vicinity of the breakwaters as well as the bypassing mechanism round the
proposed structures and this will evaluated in detail in the next stage of the
study.

6.2 Flood release

The potential impacts on flooding are probably the most critical impacts due
to the associated severe risks to human life and property. As such, the river
mouth training must be designed to ensure no adverse effects, and preferably
improved flood release conditions.

6.2.1 Dahm and Kench Findings
Dahm and Kench (2004) carried out a model study applying the one-
dimensional flow model MIKE 11 to assess the potential impact of the train-
ing walls. Training walls 500 m long and widths ranging from 100 to 160m
were evaluated. Assuming the entrance bed level scoured to R.L. -4m (based
on observations after 2003 floods), the following conclusions were drawn
from the modelling exercise:

* A training wall of 100m has the potential to increase design flood lev-
els by 100 to 250 mm in the area adjacent to the township

e Training wall spacing of 120m produce similar levels to the design
profile

* A wall spacing of 140 m or more is likely to result in lowered flood
levels.
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The main limitations of this model were considered to be:

* Description of the flow at the river confluence and the river mouth
area which is highly two dimensional;

* The entrance of the model did not allow for scour that may occur dur-
ing floods; and

* Additional information may have been required to describe the
bathymetry below the confluence.

The present pilot study addresses these concerns, although it should be noted
the model resolution requires further refinement and is not presently cali-
brated.

6.2.2 Pilot Study Findings
The model results from the present pilot model setup have been applied to
evaluate the influence of the proposed works on the flood conditions within
the river system. This was carried out by comparing results of Scenarios 1 and
2 with flooding conditions based on 1% AEP. The impacts on water levels
and flow velocities are described below, while the morphological changes are
described in Section 6.3.

Water Levels
Water levels have been extracted at five locations in the study area as pre-
sented in Figure 6-3.
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Figure 6-3  Location of the water level comparison points for scenarios 1 and 2
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The computed surface elevations at the five points are presented in Figure 6-4.
The maximum increased water level setup at each extraction location is pre-
sented in Table 6-4.

Table 6-4 Predicted water level increase under 1% AEP flood conditions with 120m wide
training walls.

Location P°1'"t Point2 | Point3 | Point4 | Point5

Max Water Level

0.04 0.73 0.21 0.08 0.16
Increase (m)

The following can be concluded from the results:

* As expected, water levels increase substantially at the beginning of the
flood event, both for the existing and the trained layouts.

* As the gorge (existing case) and the channel (trained case) erode with
time, the inland flood levels tend to drop.

* There are significant increases in water levels during the initial flood
release.

* The largest impacts on water levels from the training works occur at
Point 2, which is located relatively close to the river entrance. This can
be attributed to the large local energy losses induced by the proposed
training walls during the initial flood period when scouring takes place
in the trained channel area.

* The effect on water levels reduces further upstream at Points 3, 4 and
5, which show significantly smaller increases in water levels.

» The largest differences in water levels compared to existing conditions
are found at low tide, when the cross-sectional flow area in the trained
channel is lowest.

Velocity Fields
Typical predicted flow fields during the flooding events are presented in
Figure 6-5 and Figure 6-6.

The model predictions show velocities exceed 4m/s during these conditions;
the largest velocities for the existing conditions are observed in the gorge
where the flow funnels into a narrow area. The largest velocities for the
trained river mouth are found in the trained channel.

One of the main features of the flow conditions in the river system, for both
the present and the proposed conditions is observed at the confluence of the
Otara and the Waioeka Rivers. The strong flows along the Waioeka River
tend to cause “blocking” of the Otara River discharges which in turn tend to
produce a super elevation of the water levels. This agrees with the findings of
the observations from Dahm and Kench (2004).
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Figure 6-4 Predicted water levels at five locations in the study area (Point 1, 2, 3, 4 and 5

from top to bottom)
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The effect of the training walls will be highly dependent upon the cross-
sectional area of the channel, i.e. the depth between the training walls as the
width is fixed. The depth will adjust due to scouring during flood events as
reported in Section 6.3.
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Figure 6-5  Instantaneous view of the velocity field during a 1% AEP at the river entrance for
the present river conditions (above) and the proposed navigation works (below)
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Figure 6-6  Instantaneous view of the velocity field during a 1% AEP flood at the river con-

fluence for the present river conditions (top) and the proposed navigation works
(bottom)
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6.2.3 Observations from the Preliminary Modelling
The modelling has highlighted a number of important factors that need to be
considered when evaluating the potential impacts on flood levels from the
breakwaters, including but not limited to:

» Existing bed levels. The cross-sectional area of the river mouth chan-
nel changes considerably over time, and the choice of initial conditions
for the simulation for the existing scenario will have an impact on the
comparison and evaluation of impacts. The latest available bathymetry
has been used for the first estimate simulations in this preliminary
study.

* Upstream bed levels — it is considered likely that the cross-sectional
area of the entrance gorge will increase when the influence of the litto-
ral sediment transport is blocked by the breakwaters. This will de-
crease the overall resistance to flood release after construction of the
breakwaters. The “existing” bathymetry has been applied for the initial
approach, which is considered conservative.

» Existing entrance width. The river mouth area will not only deepen but
also widen during a large flood event. This effect has been limited in
these preliminary simulations due to lack of information of levels over
the spit areas and adjacent beaches. This could lead to simulated
higher flood levels for the existing conditions and thereby an underes-
timate of impacts of the proposed construction. This will be addressed
in the detailed modelling in the next stage of this study.

* Flood hydrograph. If the flood starts gradually, there is more time for
initial scouring before the peak hits, and it is likely that the maximum
simulated impact will be smaller. Hence the shape of the design hy-
drograph will influence the results.

* Initial bed levels between breakwaters. It is likely that scouring will
take place after the construction of the breakwaters, either caused by
the dominant ebb flow or during small flood events. Initial dredging of
the channel has been proposed by Dahm and Kench, and the need for
this will be investigated in the subsequent study stage. For the present
simulation, the initial bed levels have been derived from the existing,
relatively shallow, bottom elevations. This is considered conservative
when evaluating the potential impacts.

The pilot modelling has shown that adapting a (likely highly) conservative
approach to the starting morphology for the simulations can lead to significant
impacts of the training for the adopted 120m width channel configuration.

The relatively large impacts on the water levels derived from the pilot model
study are believed to be primarily due to the very shallow starting morphology
of the trained case. This highlights the need for a careful consideration of the
design conditions for the simulations, not only in terms of the simulated dis-
charge rates and tidal water levels, but just as importantly on the adapted “rep-

z:\projects\50073_opotiki\docs\report\stage1\50073-stage1-001.doc 36 DHI Water & Environment



===

resentative” morphology which will need to be considered as part of a sensi-
tivity assessment.

6.3 Scouring of the Entrance Channel

In addition to structural considerations, the preliminary modelling has high-
lighted the crucial role of scouring during flood events on the flood release
and water levels.

An analysis of the morphological changes at the river entrance was carried out
for the 1% AEP flood scenarios to evaluate local scouring and upstream ero-
sion during flood events.

The simulated seabed levels for the two cases after 30 hours are shown in
Figure 6-7 and Figure 6-8. It is noted that the main scouring occurs relatively
quickly, which is demonstrated later in this section.

Corresponding predicted seabed level changes for the present and the pro-
posed navigation works are presented in Figure 6-9.
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Figure 6-7  Bed levels after 30 hours of simulation without river mouth training. Depths rela-
tive to MSL.
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Figure 6-8  Bed levels after 30 hours of simulation with trained exit. Depths relative to MSL.

The following observations can be made:

* For the existing conditions the most significant erosion occurs at the
narrow entrance (gorge) area.

* The proposed entrance training walls leads to severe scouring in the
outlet channel (which initially is set conservatively shallow in the
model). Scouring depths in excess of -10 m MSL are reached.

* The training walls force a change in direction of the river discharge,
which leads to severe scouring along the western breakwater.
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Figure 6-9  Predicted final seabed changes during the simulation
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A more detailed analysis of the scouring in the trained channel is presented in
Figure 6-10. The scouring has to be carefully considered in the next study
stage. Training walls positioned perpendicular to the coast will force a change
to the natural flow direction and lead to a deep scour hole forming along the
western breakwater. Although necessarily longer than perpendicular training
walls (to reach the same offshore depth), it is considered likely that training
walls which follows the natural flow direction more closely will have less

structural risk and perform better.
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Figure 6-10 Predicted seabed level change at the proposed river entrance.
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Figure 6-11  Bed level variation between the training walls and the gorge. (present, black,

and proposed training walls, blue). The locations of the points are shown in

Figure 6-8.
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The time scales for erosion are illustrated in Figure 6-11, which shows ex-
tracted bed levels at locations in the gorge and between the breakwaters for
both the existing and the trained layout (see e.g. Figure 6-8 for locations of
extraction points).

The scouring takes place over a time frame in the order of 6-8 hours to reach a
new quasi-equilibrium state, both for the existing conditions in the gorge and
for the trained layout in the trained channel.

This time scale is consistent with observations made during the field pro-
gramme, when an ADCP instrument located 1km offshore was buried to a
depth of 2m over a 12 hour period during a minor river flood.

At the gorge the model results show initial erosion rates that are higher in the
present conditions compared to the trained layout. This is due to the lower wa-
ter levels and higher current speeds in the existing conditions compared to the
trained layout with the constricted channel.

6.3.1 Comparison to Previous Findings
While not directly comparable, the present findings are in line with the previ-
ous findings of Dahm and Kench.

* A scour hole develops along the western breakwater as expected.

* A scour depth in fine, loose sediments of up to 12-16m below flood
levels was mentioned by Dahm and Kench (2004). The present simula-
tion has assumed these conditions and shown a scour depth below -10
m MSL.

6.4 River Sediment Discharge & Delta Formation

A significant build-up of a bar/delta formation offshore from the entrance will
require maintenance and will in effect reduce the design life of the training in
terms of improving navigation.

6.4.1 Dahm and Kench Findings
Dahm and Kench describe the sediment budget and sediment bypass mecha-
nisms over the ebb shoals in some detail. Key findings include:

* Large volumes of sediment are re-circulated between the entrance and
the ebb delta.

* Sediment supply from the river (upstream) is limited, conservatively
estimated at 15,000 m’/year.

* Training walls will disrupt the natural recirculation of sediment.

* Bar re-establishment after construction of breakwaters is judged to be
slow due to small discharge rates from river and small net littoral
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transport, combined with a large volume required to re-establish the
bar and delta.

e If training walls are installed without channel dredging, 100-200,000
m’ is likely to erode from the channel and deposit in the ebb delta over
the first few years after construction.

6.4.2 Findings from Pilot Model Study
The model was set up to simulate the extreme flood event with no prior dredg-
ing or erosion of the channel.

Figure 6-7 to Figure 6-9 illustrate the simulated entrance morphology and
build up of a delta at the river mouth. The following observations can be
made:

* The material discharged through the entrance deposits offshore, lead-
ing to a significant build-up of material in an ebb bar.

* The ebb delta for existing conditions extends about 1 km off-shore. It
is noted that the present pilot setup does not include waves and wave
driven currents, which are likely to further disperse the discharged
sediments and significantly change the bar build-up. The waves and
wave driven currents will be included in the detailed modelling in the
second stage of this study to provide a more complete picture of the
transport patterns in the ebb delta.

* The river mouth training leads to the material being transported further
offshore than for the existing conditions. This will impact the potential
return of the discharged sediments to the coastline and littoral sedi-
ment budget.

The preliminary modelling undertaken at this stage demonstrates a potential
risk of a rapid build-up of an ebb bar formation during an extreme flood. The
modelling is considered conservative as it assumes homogenous loose sand
(disregards armouring of the bottom).

The risk however, cannot be disregarded as it could severely affect the design
life of the training works. The bar formation will be further evaluated in the
next stage of the study through an assessment of available sediment within the
river system and simulation of both normal flow conditions and more frequent
flood events other than the 1% AEP event simulated.

The estimated 15,000 m’/year discharge of river sediment appears to be small.
The combined river systems drain a fairly extensive, largely mountainous
catchment. The natural and human induced soil erosion within this type of
catchment is considered likely to be substantial. The transport capacity within
the river systems is also believed to be fairly high. If no river sand mining or
other sediment drains are taking place, it is considered likely that the average
annual sediment supply from the river is higher than the estimated 15,000
m’/year. This could have an important bearing on the sustainability of the
proposed training works as a much higher sediment discharge rate could lead
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to a more rapid build-up of an ebb delta in front of the channel entrance. The
river sediment supply will be further assessed in the next stage of the study.

6.5 Coastal Impacts

Coastal structures on an open littoral coastline have the potential to cause
large morphological responses.

6.5.1 Dahm and Kench Findings
Dahm and Kench concluded that the proposed training structures extending to
2.5m depth would have the following effects:

* Longshore sediment drift will largely be prevented from bypassing
the entrance.

* Net littoral transport rates appear to be low, and the training structures
are therefore unlikely to lead to severe downdrift erosion.

* Over relatively long periods of time (probably decades rather than
years), periodic artificial sand bypassing may be required to prevent
erosion of the beaches to the west of the river mouth.

6.5.2 Preliminary Assessment
The littoral sediment transport will be assessed in detail using DHI’s
LITPACK modelling system. This will provide valuable information on the
potential impact of the training structures. A brief, preliminary, assessment
has been included below.

According to previous studies of the coastline variability, there are significant
short term variations, but the coastline seems stable in the longer term.

The effect of the proposed navigation works on the adjacent beaches is largely
dependent on

» The littoral transport conditions prevailing in the study area
* The blocking effect of the proposed structures on the littoral transport
e The river sediment supply

Judging from the general coastline shape, the assumption of limited net littoral
transport rates appear sound. It is therefore considered likely that the long
term coastal impacts due to blocking of the littoral transport will be limited
and manageable through nourishment (potentially sand bypassing if sufficient
accumulation on updrift side is available).

Short term variations also need to be considered. A severe storm can poten-
tially lead to significant erosion on either side of the river mouth.
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The blocking effect of the proposed parallel breakwaters must be assumed to
be almost complete, but this will be assessed in the 2D sediment transport
model. An altered design as discussed in Section 5.5 could potentially facili-
tate some bypass.

The river sediment supply to the coastline was estimated at only 15,000
m’/year in the Dahm and Kench reports. This sediment is likely to be flushed
well seaward of the channel entrance and only return to the coastline very
slowly if ever. The impact of 15,000 m*/year is limited, but DHI believes that
the rate may be higher, in which case the potential coastal impacts could also
be more significant.
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