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Foreword

The 31st International Conference on Coastal Engineering (ICCE 2008) was held in
Hamburg, Germany, 31 August to 5 September 2008 under the auspices of the Coastal
Engineering Research Council (CERC).

It was a long way from the application to host this conference in Cardiff / Wales in 2002, and
many colleagues contributed significantly to the success of the conference. Herewith, we
would like to acknowledge all involved colleagues, delegates, CERC and LOC members as
well as the supporting institutions and exhibitors for making this conference a successful and
memorable event. Namely, we would like to thank the Coastal Engineering Research Council,
especially Prof. Robert A. Dalrymple, CERC chairman, and Jane Smith, CERC secretary, for
their guidance and encouragement as well as for their help and continuous motivation. It was
a pleasant experience to organise this conference together with our US-colleagues. On the
other hand, we would like to thank all members of the Local Organising Committee, chaired
by Prof. Hans Diicker, representing coastal and harbour authorities, ministries, universities
and consultant companies in Germany. Mainly the permanent support of the Local Organising
Committee made this conference successful. Many institutions supported this 31%
International Conference on Coastal Engineering as a sponsor or as an exhibitor, which was a
prerequisite to organise an unforgettable conference. Finally, we would like to acknowledge
all the contributions of the delegates, who presented and discussed state of the art papers for a
wide range of coastal topics.

The present poster proceedings are edited to acknowledge all the excellent posters which were
presented and discussed during the conference. It is the intention of the editors to make these
posters available for many colleagues world wide. Therefore, the poster proceedings are also
uploaded to the conference website (http://icce2008.hamburg.baw.de) which will remain
active during the coming years.

Dr.-Ing. Rainer Lehfeldt Prof. Dr.-Ing. Holger Schiittrumpf
German Coastal Engineering Research Council ~ RWTH Aachen University
Hamburg Aachen

rainer.lehfeldt@baw.de schuettrumpf@iww.rwth-aachen.de
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THE DEVELOPMENT OF THE FLOW VELOCTIES
SINCE THE ELBE FAIRWAY DEEPENING IN 1999

Maja Fickert' and Thomas Strotmann?

For the Elbe fairway deepening of 1999 changes of the flow velocities in the Elbe estuary
of up to 5 cm/s were predicted by a numerical model of the Federal Waterways
Engineering and Research Institute. In this work, the existing data were processed and
analyzed with statistical methods regarding the permanent changes. Complex statistical
analyzes were developed and performed relying on the linear wave theory and the
channel hydraulics. The analyzes brought success insofar that it is now possible to create
the full hydrograph of the tidal currents in good approximation by taking into account the
gradient of the water level curve.

Introduction

To keep up the competitiveness of the port of Hamburg time and again it is
necessary to adapt its seawards access to the shipbuilding developments. The
last deepening of the fairway of the lower and outer Elbe to the requirements of
the container ship navigation was carried out in 1999/ 2000. The adaptation of
the port access always causes an interference with nature, not only changing the
flora and fauna but also the dynamics of the tidal wave in the estuary. The
modified fairway depths and cross-sections can influence the tidal water levels,
and thus the tidal amplitude, the duration of the flood tide and the ebb tide as
well as the flood and ebb flow velocities. To analyse these changes the evidence
report of the last fairway deepening established an extensive monitoring
program in which the flow velocities of the lower and outer Elbe have been
measured permanently at 13 stations since 1997/ 1998.

! Hydrology, Hamburg Port Authority, Neuer Wandrahm 4, Hamburg, 20457, Germany
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Figure 1. Tidal River Elbe with flow velocity measuring stations

The environmental impact analysis of the fairway deepening assumed an
increase of the current velocities by 0 to 3 cm/s or even up to 5 cm/s at some
sights. While for the fairway channel itself a velocity increase was predicted, an
unquantifiable decrease for the shallow water areas was expected.

Gmss Snction Mareskalisand

Botbonn [mied]

Wi o Hha profil [Hem]
Figure 2. Cross section at Hanskalbsand with measuring instrument

The aim of this work is to process the existing data of the flow velocities
and to analyse them with statistical methods regarding to permanent changes.
Thereby changing boundary conditions (freshwater discharge and tidal
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influence) must be considered, so that different hydrological situations before
and after the fairway deepening can be compared.

Figure 3. RCM 9 Meésuring instrument

The station which data is analyzed is D1 Hanskalbsand, close to the
Hamburg Port. The station is equipped with an instrument Anderaa RCM 9
working on acoustic bases. It was chosen because the station lies upstream of
the turbidity zone and therewith beyond the unknown density currents.

The accuracy of the RCM 9 which measures the current velocity depends
on the calibration of the instruments and the resulting infeed of data, the
material that is carried along in the water column and the deviation of the
instrument chain. Therefore, the identification of the minor predicted changes
due to the fairway deepening is within the range of the measuring and analytical
accuracy.

The current conditions create an always-changing image and its depiction
must be reduced to a few key characteristics. Complex statistical analyses were
developed and performed relying on the linear wave theory and the channel
hydraulics. Nevertheless a direct empirical correlation between tidal parameters,
freshwater discharge and the flow velocities could not be established
sufficiently.
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Figure 4. Flow velocities with freshwater discharge

However it succeeded to recreate the full hydrograph of the tidal currents in
good approximation by taking into account the preceded “history” of the water
level gradient. Due to the inertia of the oscillating water body and reflection
components there is a lag between the local change in the water level gradient
and the reaction of the tidal currents at the same cross-section. This can be

judged as a success because now it was possible to fill up data

gaps and create

velocity hydrographs for time periods when the flow velocity has not been

measured.
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Figure 5. Measured and “constructed” graph of the flow velocities with the gradient

and water level

Fresh water discharge [m*/s]
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These continuous time series of tidal currents and water levels in different
cross-sections enables the calculation of accumulated volume flow rates and
makes it possible to balance the sediment transport capacity during the
changeable hydrological season.

This is very interesting, especially with respect to the different questions
that come up with the matter of the upstream transport of sediments in
consequence of the tidal pumping. Due to the increasing amounts of dredged
material in the Port of Hamburg a better understanding of the complex
interrelations in the Elbe estuary is needed to reverse this phenomenon.

REFERNCES
Wasser- und Schifffahrtsamt Hamburg, Hamburg Port Authority. 2006. Bericht
zur Beweissicherung 2005.
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ANALYSES OF TIME SERIES & MODEL HINDCAST OF WATER
LEVELS AFTER THE LAST DEEPENING OF THE ELBE ESTUARY -
A COMPARISON

Marko Kastens'

In 1998/99 the maintained fairway depth of the river Elbe was lowered from 13,5 m to
14,4 m - an amount of about 20 mio tons of sediment was dredged and dumped. The
predicted change of water level due to the deepening was a decrease in mean low water of
10 cm and an increase in mean high water of 5 cm e.g. at the tide gauge St.Pauli. The
following investigation based on measurement data, model hindcast and scenarios shows
the changes of water levels due to the last deepening.

Overview and Introduction
For a brief overview Figure 1 shows a small map with the model area, the
tide gauges and the dimensions of the investigation area.

fairwvay
@ fide gauges

|:| model area | |
'Helgﬁland

Hamgaurg - ‘3, Fauli

Geeesthacht|

M
—-—L— 0 20 40 &0 &0 100
1 2 Kilometers

Figure 1. Map with tide gauges and the model area

The major aim in this work was, to find out, how the water levels changed
due to the last deepening of the Elbe estuary.

' Federal Waterways Engineering and Research Institute, Coastal Department, Wedeler
LandstralRe 157, 22559 Hamburg, Germany
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Interpreting water level measurements at the tide gauges is not a trivial job
because all the different processes such as changes in the North Sea,
meteorological effects, changes in fresh water discharge and anthropogenic
impacts are superimposed.

In the first part of this paper a method is introduced that filters out water
level dependencies in tide gauges in the Elbe estuary from tide gauges in the
North Sea and dependencies from the fresh water discharge. By removing
these dependencies the remaining changes in the water level signal are
majorly based on local developments. The presented method is based on
measured water levels. A detailed description of the method with
background information and literature review can be found in [1].

In the second part a hydrodynamic model is used to determine the water
level changes due to the deepening and, in different scenarios, due to natural
morphologic changes. Finally the results are compared and discussed.

Analyses of Time Series of Water Levels

Separation of the mean water

Amphtude [cm]

The water level is a superposition of a stochastic meteorological triggered
signal and the tides, a harmonic signal. The mean water represents mostly
the stochastic part of the water level. Separating the mean water from the
measured water levels can give more insights to the correlation of the mean
water to the tidal range, the high and the low water.

For the following analyses the mean water is obtained by a low pass
Butterworth filter in Fourier space. The cut-off frequency of the Butterworth
filter is 13 degrees/hour — close to the first mentionable partial tide in a one
year amplitude spectrum (s. Figure 2). Subtracting the mean water from the
measured signal gives some kind of a pure tidal signal. From this pure tidal
signal the high and low waters, as well as tidal ranges, are determined.

0-13 deg./h

15

mean Vvater

>13 deg./h

(i ] il 1K) 150

Frequency o [deg M)

Figure 2 Measured water levels in the frequency and in the corresponding time
domain (small pictures). The mean water is defined as the signal from 0 - 13 deg./h in
the frequency domain.
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Setting up a model function
Scatter plots of different parameters (tidal range, discharge and mean water)
and locations show the noisy dependencies of the parameters to each other
(s. Figure 3). At the position St.Pauli it can be clearly seen, that the tidal
range depends linear on the tidal range in Helgoland.
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dischorge Mook |u''s]

290 L 150 ey
disihearge Nenlvwolan w8

e Cregethoscbl | om)
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T R T T
L
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L 1300 ey
disiharge Henlaohon [ur o]

Figure 3. Scatterplots of the parameters tidal range, mean water and discharge at
different locations. Note: The discharge location NeuDarchau lies approximately 50

km upstream of the tide gauge Geesthacht.
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However, a linear correlation cannot be seen at the location Geesthacht,
because two other — more important - impacts are visible at this location: the
tidal range is influenced by the mean water and by the fresh water
discharge. Furthermore the mean water itself depends on the fresh water
discharge.

These parameter dependencies are shown schematically in the diagram
below (s. Figure 4).

tcv* at reference gauge N tcv* at gauge - fresh water discharge
(e.g. tidal range (e.g. tidal range (at gauge NeuDarchau)
Helgoland) St.Pauli)
4

tev: tidal characteristic value mean water at gauge

(low water, high water, tidal
range)

Figure 4. Parameter dependencies: E.g. the tidal range at St.Pauli is influenced by the
tidal range at Helgoland, the fresh water discharge and the mean water at St.Pauli.

A simple model function can be set up which reflects the observed
phenomena. Because the influence of the fresh water seems to be nonlinear
a power n is inserted to the fresh water term. The tidal characteristic value
can be expressed:

n
tchauge =a- tche lgoland + b ) ﬁeShwaterNeuDarchau + (1)

¢-meanwaterg,,,, + Z

Four of these model functions can be set up for each tide gauge in the same
way substituting tcv with the parameters tidal range, high water, low water
and mean water respectively. For the parameter mean water the term

c-meanwateVGauge is not needed. The coefficients a, b, ¢, z, n in the

equations can be fitted with nonlinear regression. The regression period is a
one year period before the deepening. This means that more than 700 points
(= tides) are available for the regression, which makes the regression pretty
stable. Figure 5 shows an example of a best fit of a model function with a
scatterplot of the measurements.

With the fitted model functions the tidal range, the high and low waters and
the mean water can be calculated for each tide gauge in the Elbe estuary.
Afterwards the difference to the measured values is calculated and
aggregated to yearly means. These yearly mean differences show the local
development of the parameters without the influence of the North Sea and
the fresh water discharge.
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Figure 5. Best fit of a model function (Eq.1) with dotted points as the measurements.
Note: Eq.1 is four dimensional — to make the function visible in perspective three
dimensions, one dimension is removed: the influence of the tidal range from
Helgoland is filtered out with the first term of Eq. 1. The rest is called the tidal range

residuum Geesthacht.

Results

As one result Figure 6 shows the development of all four parameters at the
tide gauge St.Pauli. The filtered signal is obtained with the presented
method. The decline of the mean water after the dredging and the parameter
variations in time is remarkable. The latter effect is due to the ongoing
morphodynamic behaviour of the Elbe River and due to other anthropogenic

impacts.
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Figure 6. Development of different paramétérs at the tide gauge St.Pauli since 1998 -

pure and filtered measurements



Poster Proccedings ICCE 2008 11

Model Hindcast & Scenarios
Another way to determine the impacts on water levels due to the deepening
can be done with hydrodynamic-numerical models. These models are used
at Federal Waterways Engineering and Research Institute (BAW), Coastal
Department. In this study, a model based on UnTRIM [2], is calibrated,
validated and used for a hindcast of the year 2000. Figure 1 shows the
model domain.

The results are compared with a second model using the same grid but a
digital terrain model from 1997, which was before the last deepening. Other
model parameters and steering remain the same.

The main differences between the two bathymetries (1997 and 2000) can be
found at the mouth of the estuary (s. Figure 7).

M
Deposition — Erosion

Figure 7. The differences between the bathymetries 1997 and 2000 at the mouth of
the Elbe River.

It can be easily seen, that the deepening of the fairway is not the only
morphologic change from 1997 to 2000. An ebb branch of the Elbe River
(see the dark spots in Figure 7, Erosion) is migrating to the north. This
sensitive area plays a major role in the development of the water levels in
the river Elbe. To get an idea what kind of morphologic change cause what
kind of change in water level, three model scenarios in addition to the
hindcast were built up and calculated:

e Scenario A: What would have happened to the water levels if the Elbe
River was not dredged? This Scenario includes all the morphological
changes from 1997 to 2000 but with a fairway-depth of 1997 from
Hamburg to close to Cuxhaven (without the last deepening) and implies,
that all the morphological changes have happened as well as there was no
deepening.

e Scenario B: The same as A, but with a fairway-depth of 1997 from
Hamburg to Bake A. This scenario takes account to the fact that the
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changes from Cuxhaven to Bake A are uncertain to assign to nature or to
the deepening.

e Scenario C: What would have happened to the water levels if there was no
morphologic change by nature and the only change was made by the
deepening? In this scenario the digital terrain models of 1997 and 2000 are
nearly the same. Only the fairway was lowered to the depth of the year
2000.

All the results regarding the mean tidal range can be seen in the following
figure (Figure 8).

—hindcast ——Scenario A
o _/M_,—’\

Scenario B Scenario C /\’/‘\"f/ \ r-5
0.11 o, l
A L.
009 f/\\l\‘/\//'v_’“\f— |10

.y \

o

\
elevation [ m]

mean tidal range [m ]
\:
q
<
5
2

T -25
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- ]
S o g
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> ° 2 ) 2 14 5 o @
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Figure 8. Change of the mean tidal range for different scenarios (see text).

Model results
The deepening is superimposed by natural morphodynamics, therefore the
hindcast model is not suitable to determine changes in water levels only to
the deepening. Both processes together have an impact of about 14 cm on
the tidal range at the tide gauge St.Pauli.

The two scenarios A and B neglect the deepening and assume all changes in
morphology to be natural. Both scenario results differ slightly from each
other. The difference between them is the assumption of morphologic
change in the mouth of the Elbe River. The influence regarding the tidal
range for the tide gauge St.Pauli is from 7 to 9 cm.

The last scenario C neglects natural morphologic changes. The only change
is the deeper fairway. This assumption is as imperfect as the hindcast,
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because the deepening will trigger other changes that might look natural at
first. The change in tidal range for the tide gauge St.Pauli is about 11 cm.

Results and Comparison

Model and analyses results

Analyses results should be compared with hindcast results because the
analyses cannot distinguish between natural and anthropogenic changes in
morphology. It can filter out dependencies due to developments outside the
system and implies that the coefficients of the model function do not change
in time. The main difference to the model results is the decline of the mean
water of about 10 cm. If the mean water is neglected (analyses without mw,
s. Figure 9), the results of the analyses point in the same direction but they
have smaller values than the model results.

15

W analyses @ analyses without mw
10 {8 hindcast @ scenario A

O scenario B O scenario C

a

N

!
[$)]
I

change from 1997 to 2000[cm]
o
Il

N
o
L

N
3

low water high water tidal range mean water

Figure 9. Changes for the tide gauge St.Pauli

Conclusions
Both methods - which are equal in relevance - show different results. These
different results give an idea of the range of uncertainty and trustworthiness
in the used methods.
Assessing the results requires keeping in mind the strength and the
weakness of both methods:

Analyses:

- cannot distinguish between natural and anthropogenic changes
+ can filter out dependency of developments outside the system
+ based on measured data
+ Little computational effort
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Computer models:

- cost a lot of computer time and human resources

+ gives the opportunity to calculate scenarios (essential in understanding a
system)
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PROPERTIES OF LONG-PERIOD WAVES AND VELOCITY
FLUCTUATIONS NEAR RIVER MOUTH AND NARROW INLET

Takumi OKABE!, Shin-ichi AOKI* and Shigeru KATO?

To estimate sediment exchange between an estuary and the open sea through a narrow
inlet, it may be important to investigate the behavior of the long-period waves with
periods of several minutes generated by wave groups in the sea. In this study,
characteristics of the long-period waves and associated flows outside and inside the inlet
of Hamana Lake and off Tenryu River mouth are discussed based on field data. The
results show that long-period waves are developed almost linearly to the products of
significant wave heights and periods outside the inlet, but they are reduced by about half
in the inlet. The long-period fluctuations in the flow seem to consist of two components;
one is associated with the long-period waves and the other is induced by tidal currents.

INTRODUCTION

In the vicinity of an inlet, tidal and wave actions yield complex currents. At
a river mouth, complicated wave and flow fields arise from interactions between
waves and outflow. Relatively little is known about the sediment transport and
associated topographic change around an inlet and river mouth. For example,
sediment exchange between an estuary and the sea, and influence of river
discharge or tidal currents on longshore sediment transport, are difficult to
estimate. External forces that induce sediment transport around the inlet and
river mouth have wide range of periods from those of wind waves (seconds) to
tides (hours). However, predominant factors or relative importance between the
forces with different time scale have not been well investigated. In this paper,
we focus on long-period components of several minutes and investigate their
characteristics based on field data.

Although previous researches (e.g., Bowen 1980; Sato 2002) have shown
that long-period waves with periods of several minutes can influence sediment
transport, studies on long-period waves and associated flows near an inlet and a
river mouth are very limited. It remains unclear either qualitatively or
quantitatively how long-period waves influence sediment transport near the inlet
and the river mouth. Detailed investigations of behavior of the long-period
waves generated by wave groups in the sea may be necessary in order to
estimate influences of the long-period waves on sediment transport near the inlet
and river mouth.
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Tempaku-cho, Toyohashi, Aichi 441-8580, JAPAN

2 Department of Architecture and Civil Engineering, Toyohashi University of Technology,
Tempaku-cho, Toyohashi, Aichi 441-8580, JAPAN

% International Cooperation Center for Engineering Education Development, Toyohashi
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In this study, characteristics of the long-period waves and associated flows
inside and outside the inlet channel and off the river mouth are discussed based
on field data at two different sites. We focus on wave components with periods
larger than 30 s. We discuss the relations between long-period waves and
significant wave heights and periods, and propagation properties of the long-
period waves. Generations of long-period fluctuations in the currents induced
by tidal action are also shown in the paper.

FIELD OBSERVATIONS

Field measurements were conducted at the inlet of Hamana Lake and off
Tenryu River mouth, Japan, for about two months from August to November
2006. Figure 1 and Photo 1 show the locations of the inlet and the river mouth,
and the observation stations. In the figure, Stn-in denotes the station inside the
inlet, where two-dimensional horizontal flow velocities and water pressure were
collected at the bottom. At the station Stn-out located outside the inlet, two-
dimensional bottom velocities, water pressure and water surface elevation were
measured. The station Stn-R was located at the bottom off Tenryu River mouth,
where similar measurements to Stn-out were conducted.
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(a) Location of Hamana Lake and Tenryu River in Japan

Tenryu River
SY

N R e
e Stn-R

(b) Inlet of Hamana Lake (c) Tenryu River mouth

Figure 1. Location of observation stations
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All the data were recorded at sampling rate of 0.5 s continuously except for
data loss that occurred in the period of maintenance of the equipment. The
water surface elevations were obtained using ultrasonic wave gauges, and an
electromagnetic current meter was used in the measurements of 2-D horizontal
velocity components. All sensors were synchronized at the start of each field
study. Mean water depths during the measurements were 5.6 m at Stn-in, 4.8 m
at Stn-out and 18.2 m at Stn-R, respectively. As Stn-out was sometimes in the
surf zone due to high waves, water surface elevation measured by the ultrasonic
wave gauge could not be used because of noisy signals under storm conditions.
So we used wave data calculated from water pressure data for analysis. The
details of the field measurements are shown in Table 1.

(b) Tenryu River mouth

Photo 1. Aerial photographs of the fields
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Table 1. Summary of field investigations

Station name

Stn-in

Stn-out

Stin-R

Inside Hamana

Offshore Hamana Lake

Offshore Tenryu River

Location Lake inlet inlet mouth
Average
water depth 56m 48m 18.2m

Equipment type

WaveHunter-04

WaveHunter-04 Sigma

WaveHunter-04 Sigma

?amp“”g 2 Hz 2Hz 2Hz
requency
Water surface elevation,| Water surface elevation,
Water pressure,

Measurements 2-D flow velogit Water pressure, Water pressure,

Y | 2-D flow velocity 2-D flow velocity
Height of
sensors above | 0.7t00.9 m 0.7t00.9m 0.7t00.9m
sea bottom

CHARACTERISTICS OF LONG-PERIOD WAVES

In this study, long-period waves were classified into two categories that have
different nature in generation mechanism: wave-group-induced long-period
waves and meteorologically-generated long-period waves. Judging from the
power spectra under high wave conditions, we defined the period range of
wave-group-induced waves as 30 s to 300 s. Wave components that had periods
larger than 300 s were classified as meteorologically-generated long-period
waves. These long-period wave components were extracted from the raw data
by the numerical filtering using FFT.

Development of long-period waves

Figure 2 shows time series of significant wave height H;;, significant wave
period 7, and root mean square (RMS) value of long-period components in
water surface variation 7 rms at Stn-out and Stn-R. In the period of
measurement, some low-pressures passed near the coast and high waves were
observed. From the comparison between the figures, the wave-group-induced
long-period waves (30 s to 300 s) clearly developed under high wave
conditions. Although similar trend can be seen for the meteorologically-
generated long-period waves with periods over 300 s, the increase in the
amplitude was smaller than the wave-group-induced long-period waves.
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Figure 2. Time series of significant wave height, significant wave period and
the RMS values of long-period wave elevations at both offshore sites, Stn-out
and Stn-R

Figure 3 plots the RMS values of the long-period wave elevations as
functions of the product of the significant wave heights and periods observed at
Stn-out and Stn-R. The RMS values of the wave-group-induced long-period
wave properties increase almost linearly to the product H,; T;;; except for large
values at Stn-out. On the other hand, those of the meteorologically-generated
long-period wave properties seem to have little relation with wave heights and
wave periods of short waves. Aoki (2002) showed that the linear relationship
tends to be seen in the wave data obtained on the mild-slope coast with wide
surf zone.

Propagation of long-period waves into an inlet

Figure 4 shows relationship between the RMS values of long-period wave
elevations observed inside and outside the inlet, Stn-in and Stn-out, in which the
broken lines indicate that the same values were observed at both stations. For
the wave-group-induced long-period waves in Fig. 4(a), the RMS values of
long-period wave elevations in the inlet are almost half of those measured
outside. On the other hand, the meteorologically-generated long-period waves
did not decay in the inlet and even amplified for some data.
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Figure 3. Relationship between the RMS values of long-period wave elevations

and the product of significant wave height times wave period at Stn-out and
Stn-R
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The transmission of waves in an infinitely-long narrow channel with no
reflection is theoretically given by Mei (1989) as

. 24
[1+ka + (2ika/ ) In(2yka/ ze)]

M

where 4 is complex amplitude of the incident waves from ocean, B is complex
amplitude of waves in the narrow channel, k is wave number, y is the Euler’s
constant (approximate value is 0.5772) and 2a is width of the channel. The inlet
of Hamana Lake can be assumed to be narrow but there should be some wave
reflection from the lake. The transmission coefficient is given as |B/4|. Figure 5
shows transmission coefficients as functions of ka.

| Ea:(1) - Mei(1989).
L.

. \ inai/ Tynao)
SRR I S % S — 9/10 12:00-13:10

s H,5=0.77m
£ -----10/1 05:00-06:10
~ 1.24 1 H,,;=0.67Tm

T ,
~

-~ 0.8
N
Q
— 044

0 1 2 3 4

ka

(a) At calm wave conditions

\ Eq.(1) : Mei(1989)
\\/
S L6 po i/ Ls)”

3 Q:/* ————————— 9/18 12:30-13:40
5 \ H,;7=2.49m
I N 9/24 00:20-01:30

H \. H,-2.76m
z AN

. 0.8 ‘ -

2 -
— 0.4 T —
0 1 2 3 4

(b) At high wave conditions

Figure 5. Transmission coefficient in the inlet for calm and high wave
conditions — comparison with the theory
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In the case of 5 m water depth (% =5 m) and 200 m channel width (a = 100
m), Eq. (1) gives the transmission coefficient 0.498 for the wave with period of
30 s, which corresponds to the point P-1 in Fig. 5. For the wave with period of
300 s, the transmission coefficient yields 1.472 as indicated by P-2 in the figure.
The bar charts in the figure show the results estimated from the field data, which
are calculated from the ratio of the energy spectra for calm and high wave
conditions, figures (a) and (b) respectively. Under the calm wave conditions,
the transmission coefficient show closer values to the theoretical ones, while the
factors show smaller values under high wave conditions. One of the reasons
why the transmission becomes small may be that the long-period free waves
generated near the surf zone tend to be reflected offshore in storm conditions.

LONG-PERIOD VELOCITY FLUCTUATIONS

Figure 6 shows the power spectra of the longshore (West-East) horizontal
velocities measured at Stn-out for different wave conditions. Under high wave
conditions, both the energy in the frequency range of wind waves (less than 30 s
in wave period), and that in the low-frequency range, especially with periods
between 30 s and 300 s, increased.

Stn-oul

10° 3010 30s

e EE TS C LT

Sifhiem’/s)

SEasEEsnsas

o

*

(9724 00:20-01-30 1, 3 4m

1o 10025 20:10-21:20 H,,,-0.4m

(0] 0,01 01
SiHz)

Figure 6. Power spectra of longshore (East-West) horizontal bottom velocities
for calm and high wave conditions
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Figure 7. Relationship between mean cross-shore (South-North) velocities and
the RMS values of long-period cross-shore (South-North) velocities at Stn-R

(Tenryu River mouth, offshore) — Viyezan positive towards North
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Figure 8. Relationship between mean cross-shore (South-North) velocities and
the RMS values of long-period cross-shore (South-North) velocities at Stn-out
(Hamana Lake inlet, offshore) — Vyean positive towards North
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In Figs. 7 and 8, the RMS values of the long-period cross-shore (South-
North) velocities #*gys observed at Stn-R and Stn-out are plotted as functions of
mean current cross-shore (South-North) velocities Vv obtained by averaging
the velocity data over 70 minutes. Herein V4 is positive towards the North.
In the figures, the plotted velocity data are classified into two groups according

to n’rus values of corresponding wave data. The groups are distinguished at

1/3 of the maximum 7 rus . Figures 7(a) and 8(a) respectively show long-
period velocity fluctuations of the same periods as those of the wave-group-
induced long-period waves at Stn-R and Stn-out. The figures show that there
are components (indicated by crosses) that are highly correlated with steady
flow like tidal currents and components (indicated by circles) that have no
correlation with steady flow but are believed to be caused by wave-group-
induced long-period waves. On the other hand, the velocity components of 300
s to 1 hr periods, shown in Figs. 7(b) and 8(b), do not show clear grouping nor
correlation between steady flow and long-period velocity fluctuations as
observed in Figs. 7(a) and 8(a).
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Figure 9. Time series of tide level and the RMS value of long-period cross-
shore (South-North) velocity at Stn-out (Hamana Lake inlet, offshore)

Figure 9 shows an example of time series of the RMS value of the long-
period cross-shore (South-North) velocity compared with tidal fluctuation of
water surface at Stn-out. Some increase in the long-period velocity appears at
the phase of ebb tide highlighted by ellipses in the figure. The trend implies that
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the strong tidal current has some influence on the generation of long-period
velocities under calm wave conditions. Figures 7 and 8 show that there seem to
be two different sources for the generation of long-period velocity fluctuations
around an inlet with strong tidal current.

Conclusion
The conclusions obtained in the study are summarized as follows:

1. Outside the inlet and off the river mouth, the RMS values of the wave-
group-induced long-period wave properties are increased proportionally to
the products of the significant wave heights and periods.

2. The RMS values of wave-group-induced long-period wave properties are
reduced by half in the inlet. The transmission coefficients of the long-period
waves into the inlet show a good agreement with the theory under calm
wave condition, while they show smaller values under high wave
conditions.

3. Some of the 30 s to 300 s long-period velocity components increase with
waves of the same periods while others are induced from steady flow like
tidal currents. At Hamana Lake inlet offshore, the long-period flow tends to
increase during ebb tide.
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DEVELOPMENT OF A STORM TIDE DECISION SUPPORT SYSTEM

Hamid Mirfenderesk’, Steve Davies’ Rodger Tomlinson’

In recent years there has been a growing concern worldwide about climate change
impacts including increased frequency and severity of cyclonic storms. Implications
resulting from these changes include increase in the risk of flooding. Therefore, future
floods are more likely to overwhelm existing protection measures, exposing us to more
residual flood risks. Addressing the issue of an increase in residual flood risk in coastal
zones, this study introduces a storm tide flood emergency management decision support
system. This system integrates a suite of hydrodynamic-spectral wave models, properties,
infrastructure and population data into a single easy-to-use package. Using this system,
emergency managers are able to have access to valuable forecasted storm tide flood
information. The system is capable of undertaking what if scenarios with respect to
alternative possible weather forecasts.

INTRODUCTION

Background

Most of Queensland communities have been developed in close proximity
to beach front, estuaries and tidal entrances, or within a coastal floodplain.
These communities have been historically susceptible to flooding as a result of
passing tropical cyclones or east coast lows. The Gold Coast, in south east
Queensland, has experienced more than 45 floods since 1925. Passing cyclones
have triggered many of the floods. Historical records indicate that more than 40
cyclones have passed the Gold Coast region over the past 120 years. The last
major flood (1974) was triggered by Cyclone Wanda. This led to the evacuation
of 1500 people and in many places homes were swamped with 1.2m to 1.5m of
water. A more recent flooding events in 2005 resulted in loss of 2 lives on the
Gold Coast.

Current planning and management strategies in many of the coastal
communities in Queensland have not embraced the full extent of known climate
variability, nor predicted greenhouse induced climate change. Many people in
these communities assume that the physical nature of their environment will
remain unchanged. However, most of these communities are susceptible to an
increase in the intensity and frequency of extreme weather events. In cairns, in
northern part of Queensland coast line, an increase of just 1-2 degrees in
temperature would be sufficient to lift the 100 year storm surge height to double
the area flooded. If the projections in the variability in the frequency and

' Gold Coast City Council, PO BOX 10242, Southport BC, QLD, 4215, Australia

2 DHI, Water and Environment, PO BOX 3596, Australia Fair, QLD 4215, Australia

® Griffith University, Griffith Centre for Coastal Management, PMB 50 Gold Coast MC 9726,
Australia
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intensity of storms are correct, then future coastal inundation will be outside the
extent of historical experience.

On this basis both existing and future (climate change-induced) flood risks
are regarded as a key sustainability issue for many of the coastal communities in
Queensland. Flood risk management has been traditionally dealt with by
dissecting flood risk in its three main components hazard, exposure and
vulnerability.

Flood Risk = Hazard x Exposure x VuLnerability (1)

Exposure to hazard means presence of people/properties in flood risk areas
and vulnerability means lack of resistance/preparedness of the community. In
this context management of flood risk is achieved through taking measures to
reduce the hazard a community is subject to, the degree of the exposure of the
community to the hazard and the community vulnerability. Historical evidence
has shown that the actual consequence of flooding depends highly on how
vulnerable people are to the danger and damage resulting from flooding.
Vulnerability, and as a result flood risk, can be reduced, for instance, if people
are prepared in advance of flooding, if they have knowledge on how to protect
themselves during a flood and if they receive flood warnings in time.

The aim of this study is to introduce a methodology and tool to reduce the
element of vulnerability in equation (1) through the development of a reliable
and comprehensive forecasting and flood emergency decision support system.
Such a system is essential for increasing coastal communities’ resilience against
tropical cyclones. The purpose of flood warning is to inform people and enable
them to take action to increase their safety and reduce the costs of flooding. This
study introduces a storm tide decision support system (STDSS) as a concept and
a tool that can be used to warn people of the impending flood risk.

Tangible benefits of a flood emergency decision support system
Mirfenderesk et al (2008b) showed the tangible benefit of a flood

emergency decision support system for an average-size catchment in South East

Queensland in Australia. The study area is the Nerang River catchment with an

area of 493 km?*. A flood damage estimate for this Catchment is approximately
$217,000,000. This includes the inundation of more than 5000 properties. It is
important to note that these figures are sensitive to some of the basic
assumptions and only represent an approximation of real damage and real
number of properties, which will be affected.

The above-mentioned figure refers to potential damage. By adopting proper
measures such as development of a Decision Support System, the actual damage
can be substantially smaller than the potential damage. This is mainly due to the
fact that a decision support system will allow authorities to warn and guide the
general public to take appropriate measures and reduce the level of damage to
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their properties and belongings. Water Studies (1997) estimates that for a
community with a low level of flood awareness and a warning time of 12 hours,
the damage reduction factor for internal damages is 0.7. If the warning time is
24 hours, the damage reduction factor is 0.4, i.e. householders should be able to
limit damage to the contents of dwellings between 40% and 70% of the potential
value through lifting items onto tables and benches, by evacuating items, etc. the
same study recommended a reduction factor of 0.35 for external damages”.

Based on a study undertaken by WRM Water & Environment (2006) for the
Gold Coast City Council, structural, internal and external damage contributes
roughly 30%, 50% and 20% to the total damage. On this basis the potential
damage resulting from structural, internal and external damage are
approximately, $65,000,000 $109,000,000 and $43,000,000. Using the above-
mentioned reduction factors the difference between potential and actual damage
for structural, internal and external damages are, $0 (indicating no reduction in
structural damage), $32,000,000 and $28,000,000, i.e. the total difference
between potential and actual damage can equal to $60,000,000.

The $60,000,000 reduction in potential damage can only be materialized if
the community is warned before the flood and adequately trained to protect
itself during a flood emergency situation. It is important to note that damage is
not just financial and tangible. Intangible losses represent those where market
evaluation values are generally not commonly agreed. Some elements of
intangible damage can be alleviated by preparedness that can be achieved
because of having a proper flood emergency decision support system in place.
Some of the important intangible damages that can be easily alleviated with the
help of such a system includes: loss of memorabilia, death, injury and loss of
health.

STORM TIDE DECISION SUPPORT SYSTEM (STDSS)

General

Figure 1 shows a schematic of the STDSS. The system uses five forecasted
hydrological parameters, maximum wind velocity, bearing of the cyclone, tidal
condition, cyclone landfall and speed of movement as inputs. STDSS
interpolates flood surfaces, using an electronic library of flood maps, based on
the input parameters. The interpolated map is fed to the GIS modeling tool. GIS
tool can be interrogated to identify those who are at risk and to determine the
best way to provide help to those who are in need.



30

Poster Proccedings ICCE 2008

Forecasted
F;:E;:’nﬂm:" F“t::;‘_‘if;d Forecasted thtal F“ﬂ;ﬂ"ﬁf.:t:" speed of
h ) condition movemant of
wind velocity of the cyclone landiall cyclone
_‘-‘-\—n_
Flenztyommin: Storm lide
) e 2y Decision
inunidatinn Support
maps
GIS modeling
tool
_,-F"'Ffr E"""u..
& Wlll:l IInw murh Hnw hclp
nesis lime is can he
hlt'|r1' ‘avalla hlu \ prmrnIFd

Figure 1. Layout of the Storm Tide Decision Support System.

The electronic library that is used in STDSS is a collection of flood maps
resulting from the likely storm conditions on the Gold Coast. A storm tide
condition is defined as a cyclone with a given maximum wind speed, bearing,
tidal condition, landfall and speed of movement. Table 1 provides the range of
values that are adopted for the Gold Coast STDSS. A combination of all the
values in Table 1 constitutes 108 possible storm tide conditions. The resulting
flood maps are archived in the electronic library.

Table 1- Selected input parameters for cyclone surge
model

Maximum Wind Speed 25 375 50
(knots)

Bearing N NE E
Tide level Mean Water | High Water
Landfall* North | Centre | South
Speed of movement (km/h) 8 | 14

* Landfall could be north (north of Brisbane) or centre (between Brisbane or
southern end of Gold Coast) or south (south of Gold Coast).
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Development of electronic library of inundation maps

To create the electronic library of inundation maps, a suite of hydrodynamic
and spectral wave model at local and regional scales are used. Except the local
hydrodynamic model that was developed as part of a separate project
(Mirfenderesk et al, 2005, 2007, 2008a) and (Davis et al, 2009), other models
were developed as part of this study. The hydrodynamic and wave model
simulations are based on DHI’s two-dimensional flexible mesh code, MIKE21
FM. The code is based on the numerical solution of the two dimensional
incompressible Reynolds averaged Navier-Stokes equations invoking the
assumptions of Boussinesq and of hydrostatic pressure. The model solves the
momentum and depth average continuity equations. The spatial discretization of
the governing equations is performed using a cell-centered finite volume
method. The spatial domain is discretized by subdivision of the modeled area
into non-overlapping triangular and quadrilateral elements. The flexi mesh
enables a fair description of the details and channels throughout the study area.

Initially a combined Hydrodynamic (HD), Spectral Wave (SW) model that
covers area “B” (Figure 2) is developed. The boundary condition at the three
open boundaries of this model is a constant water level as tidal changes along
the model do not affect the wind induced surge or wave parameters due to the
overall depth along the boundaries. The regional HD and SW model is run with
a wind forcing made up of two horizontal components of the wind vector and
atmospheric pressure. The aim of the regional HD and SW models is to generate
wind induced surge boundaries for the local HD model and wave spectrum
boundaries for the local SW model (shown as area “A” in Figure 2 or 3). Once
the boundary conditions for local models are determined, these models are run
to rout the surge throughout the Gold Coast Waterways. The local SW model
has three open ocean boundaries that are forced by the wave energy spectrum
data extracted from the regional SW model. The local SW model uses a constant
water level at its boundaries. A constant water level has been used to reduce run
times and has been shown to produce similar results to using a varying water
level. The local SW model also has a wind field applied so local wind waves are
also taken into account. The local SW model is run to produce detailed radiation
stresses in the coastal breaking zone so wave set-up can be taken into account
when running the local HD model.

The local HD model has three boundaries that are forced by a combination
of tide and wind induced surge extracted from the regional HD model. The tide
and wind induced surge are added together to create the ocean boundaries; this
can be seen in Figure 4. This water level boundary is amplified as it moves into
the shallower water along the coast. The HD mode